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ABSTRACT

Studies on the management of leaf blight disease on taro by Phytophthora

colocasiae were conducted in the Eastern District of Ghana. The studies comprised

a survey to assess the prevalence of the disease, production practices of farmers

and perception of the disease in ten selected districts of the region. It also included

characterisation of isolates of Phytophthora colocasiae from the ten districts and

the evaluation of twenty-one taro accessions both in vitro and on the field for

resistance to the taro leaf blight disease (TLBD). Five different fungicides

(Carbendazim, Agro Comet, Chemoliette, Mancozeb and TOPS-M) were

evaluated in vitro to determine their effectiveness against P. colocasiae as well as

evaluation of different plant distances (1.0 m x 1.0 m, 0.75 m x 0.75 m and 0.6 m
X0.9 m) for the management of TLBD. It was observed that majority of the
farmers were male (75%), relatively young (< 50%) with age range of 20 to 49
years and low level of education (JHS/MSL). Most farmers produced taro on small
pieces of land (0.5 acres to 1.44 acres) and in river plains as sole crop. Majority of
the farmers had observed the TLBD on their farms and revealed that it mostly
occurred in the rainy season and high in marshy areas with stagnant water. The
results revealed that majority of the farmers used insecticides instead of fungicides
to manage the disease. Few farmers practiced pruning as and when the disease
appeared and admitted that it was very effective in managing the disease. The
disease was observed to be very high in the districts with incidence of 62.2% to
92.2% in wet season and 69.9% to 78.9% in dry season with New Juabeng and
Fanteakwa district recording the highest. The studies revealed that all the isolates
were P. colocasiae, but showed differences in their length and width of sporangia,
varying from 36 pm to 61.67 um and 20 pm to 28 ym respectively and also a
pedicel length of 3.667 um to 12.333 pm. Amongst the 21 taro accessions
evaluated, 4 exotic ones were resistant to the TLBD and only one local accession
was tolerant. Carbendazim and Agro Comet (Metalaxyl + Copper (1) oxide) were
identified to be most effective in reducing the growth of P. colocasiae at a rate of
300 ppm to 500 ppm. The combination of wider spacing (1.0m x 1.0m and 0.75m
x 0.75) and pruning reduced the severity of the disease significantly.
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CHAPTER ONE

INTRODUCTION
Worldwide it is believed that crop diseases reduce agricultural
productivity by more than 10% which is the equivalent of 500 million tonnes of
food per year (Anon, 1998). Not only does the farmer have to cope with reduced
levels of production, he or she is also faced with the additional costs involved in
trying to control the problem. In the Pacific region, the impact of taro leaf blight
and the threat it poses to countries not yet affected by the disease illustrate this

point clearly (Gurr, 1996).

Taro leaf blight disease (TLBD) was reported in Ghana in 2012 and has
spread to most of the taro growing areas in the country causing yield losses of
between 25 to 50% (Omane et al., 2012, Ackah, 2014). Until the problem of yield
loss caused by this disease is solved, the aim of this country in reducing the
poverty of taro farmers is going to be a mirage. It is therefore important that the
state of the taro leaf blight disease in all the growing areas in the Eastern region of
Ghana be known including the possible information on the causative organism as
well as its management so as to save the crop in the country. This will lead to an
increase in taro production in the region with a consequent reduction in the
poverty rate. The result of the study will contribute to improving taro production
in the region. The study will involve surveys to identify the intensity of the
disease in the study area and the socioeconomic impact of the disease in the

region. There will be field germplasm collection and evaluation. In addition some
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fungicides and cultural practices in the management of the disease will be

evaluated.

It is expected that a comprehensive knowledge of the disease will help taro
farmers manage the disease better both on the field and in storage. It is also
envisaged that the results obtained from the study, will improve the income of
farmers, encourage the youth and farmers in general to cultivate taro on

commercial basis and thus increase their income.

Background of the Study

Taro (Colocasia esculenta (L.) Schott) is an important staple crop for
several hundred million small-scale farmers in Asia and the Pacific, the Americas
and Africa (Jackson, 1999; Bandyopadhyay, 2012; Ackah ef al., 2014). There is a
general consensus that taro was most likely domesticated in different locations
throughout an area that stretches from India to Southern China, Melanesia and
northern Australia (Taylor & losefa, 2013). The crop ranks fourteenth worldwide
among staple vegetable crops with about 12 million tonnes produced globally and
annually from about 2 million hectares of land with an average yield of 6.5 t ha™
(FAOSTAT, 2010).

Most of the global taro production comes from developing countries,
characterized by smallholder production systems relying on minimum external
resource inputs. This makes this food crop very important for food security,
especially among subsistence farmers in developing countries (Singh ef al., 2012).
The world production as at 2016 ranked Nigeria as the highest with a production

quantity of 3,273,000 tons among the first ten countries. China (1,868,590 tons),
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Cameroon (1,637,900 tons), Ghana (1,299,000), Papua New Guinea (272,770
tons), Madagascar (234,820 tons). Japan (166,000 tons), Fiji (154,150 tons),
Central African Republic (132,740 tons) and Egypt (115,950 tons) also ranked
among the first ten in descending order (FAOSTAT, 2016). Producing countries
in West Africa include Nigeria, Ghana, Cote d’Ivoire, Togo, Benin, Chad, Sierra
Leone, Liberia and Guinea. Qutside of West Africa, other African producers are
Gabon, Egypt, Rwanda, Burundi, Zaire, Central African Republic, Comoros

Island, Sao Tome and Principe, Madagascar and Mauritius (FAO, 2010).

It is the most important edible species of the monocotyledonous family
Araceae (Kay, 1987). Almost all parts of a taro plant are utilized (Singh er al,
2012). Its corms are baked, roasted, or boiled and the leaves are frequently eaten
as a vegetable. The blades and petioles of leaves can be preserved or dried, and
used as food in times of scarcity. Petioles and stolons are also eaten fried or
pickled. The inflorescence is a delicacy in some food cultures of Asia and the
Pacific. The corms and leaves are also used for medicinal purposes. Taro in many
cultures is a sacred plant with high prestige and strong cultural and symbolic
importance. It may be presented on formal occasions, in domestic or agricultural
rituals, in religious and other feasts, and as bride price or compensation

(Ramanatha, Matthews, Eyzaguirre & Hunter, 2010).

Taro is an important source of vitamins (A and C), protein, calcium, and
phosphorus. Moreover, it is 98.8% digestible because of its small starch grains

(FAO, 2008).



Despite the importance of taro as a food security crop, its production is
affected by a number of diseases and pests. Taro is affected by at least ten major
diseases and pests in different parts of the World (Kohler, Pellegrin, Jackson, &
MacKenzie, 1997). Of the various taro diseases, taro leaf blight (TLB) caused by
the fungal-like Oomycete, Phytophthora colocasiae Raciborski is of prime

importance (Gurr, 1996; CMI, 1997; Jackson, 1999).

Phytophthora colocasiae is primarily a foliar pathogen, but it also affects
the petioles and corms of its hosts. The first symptoms of the disease on the upper
leaf surface are small, dark brown flecks or light brown spots which often occur at
the tips and margins of leaves where water accumulates. The spots enlarge
rapidly, becoming circular, zonate, and purplish brown to brown in colour. The
spots on the lower leaf surface have a water-soaked or dry gray appearance and
hard globules of plant exudates. These spots eventually coalesce and become

blighted reducing photosynthesis and hence yield of the crop (Nelson ef al.,

2011).

The disease can reduce corm yield by up to 50% (Jackson, 1999) and leaf
yield by 95% in susceptible varieties (Nelson, Brooks, & Teves, 2011). It can also
deteriorate corm quality (Sar, Wayi, & Ghodake, 1998; Paiki, 1996). In addition
to corm yield losses that occur as a consequence of the reduced leaf area in
diseased plants, a corm rot caused by P. colocasiae may also occur (Jackson,
1999; Brunt, Hunter, & Delp, 2001). The fungus also invades harvested corms

and causes heavy losses during storage (Jackson 1999).



In recent years, observations and reports indicate that taro production is
fast declining in Ghana (Omane et al., 2012; Ackah er al., 2014 & van der Puije et
al., 2015). The once flourishing taro fields that characterized several wetland
ecologies in Ghana are fast disappearing. Critical observations indicate that taro
leaf blight is largely responsible for the decline in most taro producing zones

(Jackson, 1999; Omane et al., 2012; Singh et al., 2012 & Ackah er al.,2014).

The first report of the disease in Ghana occurred in 2009 in the Eastern
region (Omane ef al., 2012). Since then, it has rapidly spread to other taro-
growing regions in the country. Van der Puije ef al, (2015) had observed the
devastating effect of taro leaf blight disease in the Aowin-Suaman district of the
Western region with a record of an average incidence of 92% in the dry season
and 99% in the wet season (van der Puije ef al., 2015). The occurrence of TLB in
Ghana therefore threatens food security and a cursory observation in the Eastern
Region indicates that some farmers have abandoned their farms. Management

strategies are urgently needed.

Management strategies suggested to be useful include the application of
fungicides, sanitation, resistant varieties, plant spacing, drainage, intercropping,
and fertilizer application (Jackson, 1999; Nelson et al., 2011 & Ackah, ef al.,
2014). The highly infectious nature of the disease may exclude the use of a single
cultural or physical management practice. Hence several complimentary practices
may be required to reduce the incidence and severity of the TLBD to tolerable
levels (Ackah et al., 2014). It is therefore quite important to develop management
strategies that can best be used to manage the TLBD in order to improve yields

and production of taro in the Eastern region of Ghana.
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Statement of Problem

In some places like Bososo, Kwawu Bepong, Begoro, Koforidua and Oda
in the Eastern Region, the crop could previously be found in almost every marshy
area but due to the outbreak of this disease (Taro leaf blight) the crop has
disappeared from most of these areas. The disappearance of the crop in these
communities is likely to affect biodiversity. This disease has made production
difficult as it attacks the crop right from the emergence of the first leaf. This
affects the growth of the plant and consequently the yield. Taro was one of the
most popular food crops on the market, but now can rarely be seen among the
food stuffs being sold in the region. Consequently, as a result of its role as a
hunger crop, the level of poverty in the region has increased significantly. Though
the disease has been reported to be caused by Phytophthora colocasiae, other
Phytophthora species have also been reported to infect taro, therefore there is the

probability that the disease could be caused by different strains.

Justification

Taro is an important food crop in Ghana. It is a hunger crop and widely
cultivated in the Eastern Region. A lot of the village folks depend on this crop for
their livelihood. The farmers get a source of income from its production as well as
food for the family. While a lot of taro is produced and consumed on a
subsistence basis, quite a considerable amount is produced as a cash crop. In
addition, surpluses from the subsistence production manage to find their way to

the market, thereby playing a role in poverty alleviation. Farmers in the region



have been complaining bitterly about the disease, because they depended a lot on
this crop for their livelihood. It is therefore envisaged that the results obtained
from the study, will improve the income of farmers, encourage the youth and
farmers in general to cultivate taro on commercial basis and thus increase their

income and alleviate poverty.

General objective

The study is designed to improve taro production in the Eastern Region of
Ghana through management of Taro Leaf Blight Disease (TLBD).
Specific objectives were to:

e Determine the prevalence of TLBD; taro production activities; perception
of farmers; and management (pesticide and rouging/pruning) of the
disease in the Eastern region.

e Characterize the pathogen that causes the disease in the study area.

e Collect germplasm and evaluate against TLBD for resistance or tolerance.

* Evaluate the effectiveness of pruning and spacing in the management of
TLBD. |

e Assess the effectiveness of fungicides for the control of the disease.

Hypothesis

» Taro leaf blight is not a major constraint to taro production, and also
farmers have knowledge of the disease and its management in the Eastern
region.

» There are no differences between the isolates of P. colocasiae from the

different districts.



» There is no resistant accession for the management of the disease
«  There is no effective fungicide for the control of the disease.

* Plant spacing and pruning are not effective in managing the disease

Significance of the Study

The project therefore seeks to improve the productivity of taro by
developing management strategies that would reduce the incidence and severity of
taro leaf blight disease in the Eastern Region of Ghana to acceptable levels. If the
disease management strategies are effective, they may be implemented in other

taro-growing regions to ensure food security and reduce poverty levels in Ghana.



—

CHAPTER TWO
LITERATURE REVIEW

Origin and Distribution of Taro

Various lines of ethno-botanical evidence suggest that taro (Colocasia
esculenta) originated in South Central Asia, probably in India or the Malay
Peninsula. Wild forms occur in various parts of South Eastern Asia. From its
centre of origin, taro spread eastward to the rest of South East Asia, and to China,
Japan and the Pacific Islands (Purseglove, 1979; USDA, 2001). From Asia, taro
spread westward to Arabia and the Mediterranean region. By 100 B.C., it was
being grown in China and in Egypt. It arrived on the east coast of Africa over
2,000 years ago; it was taken by voyagers, first across the continent to West
Africa, and later on slave ships to the Caribbean (Purseglove, 1979; Wagner ef al.,

1999).

Today, taro is pan-tropical in its distribution and cultivation. The greatest
intensity of its cultivation, and its highest percentage contribution to diet, occurs
in the Pacific Islands. Significant quantities of taro are also grown in the
Caribbean, and virtually all humid or sub-humid parts of Asia. It has been
suggested that the eddoe type of taro was developed and selected from cultivated
taro in China and Japan several centuries ago, and was later introduced to the
West Indies and other parts of the world (Purseglove, 1979; Revill et al., 2005).
As such, it is now cultivated in more than 65 countries worldwide (USDA, 2001).
However, in Africa the largest area of cultivation is in the West, where production

is dominated by Nigeria and Ghana, (FAO, 2013). In Ghana, taro is mostly grown
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in regions and areas with high rainfall exceeding 2200 mm mostly to be used as

food and source of income (Agyekum, 2004).

Importance of Taro

Colocasia esculenta is a major food staple and food security crop and it
remains an important crop to many cultural and agricultural traditions worldwide
(Ooka and Brennan, 2000). It serves both as a vegetable crop and a root tuber.
The entire plant can be eaten. The corm is eaten fried, boiled, baked, or converted

into breadstuffs.

Nutritionally, taro corms contain 63-85% water, 1.3-3.0% protein, 0.2-
0.4% fat and appreciable quantities of Vitamins B and C. The leaf of taro contains
87.2% water, 3.0% protein, 0.8% fat and 6.0% carbohydrates (Onwueme, 1994).
The protein is richer in total sulphur-bearing amino acid than that of other root
tubers (Parkinson, 1984). The crop is also a good source of thiamin, riboflavin,
iron, phosphorus, and zinc (Coursey, 1968; Onwueme, 1994) as well as vitamin
B6, vitamin C, niacin, potassium, copper, and manganese which are important for
the body immune system, protecting the body against chronic diseases including

cardiovascular diseases and diabetes (Englberger et al., 2003).

Juice from the corms is used externally for treatment of baldness,
internally as a purgative and an antidote to wasp stings. Some species of taro are

used as food plants by the larvae of some Lepidopteran species (Stephens, 1994).

Globally, taro is the fourteenth most consumed vegetable, with 12 million tonnes

(~13 million US tons) produced from about 2 million hectares (5 million acres);
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yielding on average 6.5 tonnes/ha (2.8 US tons/acre) (FAO, 2010; Ramanatha ef

al., 2010).

Most taro produced is consumed locally and never reached the
international market but where taro can be exported, its production not only
provides cash to the farmers but also valuable foreign exchange to the country.
This is precisely what had happened in Fiji, Tonga, Cook Islands, Tuvalu, and
Thailand and, up till 1993, in Samoa. These countries have been able to earn
substantial foreign exchange from the taro export trade, mainly to Australia and
New Zealand. Many other countries would like to participate in taro exportation,
but they are deterred by quarantine regulations against one or other of the taro

diseases and pests (Revill et al., 2005).

Taro in Food System

Taro plays a major role in the life of the Pacific islands and Africa. It is a
major component of socio-cultural, dietary and economic livelihood (Lebot &
Aradhya 1991). Mere production figures do not convey the full picture of the
importance of the crop in producing countries, since production and utilization
figures have been combined for taro and tannia (Xanthosoma sagittifoliunt)
(Onwueme, 1994. In the Pacific very little of tannia is utilized for food but in
West Africa, however, the situation is reversed with more tannia utilized than
taro, except in Nigeria. Nevertheless, taro is always listed among the staple food
crops of coastal West African countries from Nigeria to Guinea (Onwueme, 1994;
Robin, 2008). Most of the crop is produced in Nigeria, Ghana and Cote d’Ivoire

but outside of West Africa, other African producers are Gabon, Egypt, Rwanda,
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Burundi, Zaire, Central African Republic, Comoros Island, Sao Tome and
Principe, Madagascar and Mauritius (FAO, 2001). Taro contributes significantly
to food security in producing countries in both West Africa and the Pacific. It
serves as an important food during the dry season or before yam and cassava

harvest in West Africa (Onwueme, 1994).

Socio-Cultural Value

Beside its food value, taro is important in the social and cultural life of the
people. The crop features prominently in folklore, during traditional feasting and
as a valuable gift in the Pacific Islands (Onwueme, 1994). In West Africa, such
prestige is attached to yam. Various parts of the taro plant are used in traditional
medicine and hence has a certain amount of reverence attached to it (Robin,
2008). This cultural attachment is largely responsible for the existence of the
export market of taro in Australia, New Zealand and United States of America,
where many Pacific islanders live (Onwueme, 1994; Robin, 2008). Taro from
West Africa is exported mostly to Europe, where again the consumers are
migrants from Africa, who see themselves maintaining their culture through

traditional food (Robin, 2008).

Development Economy of Taro

Taro production generates income for several subsistence farmers in both
West Africa and the Pacific. Market avenues for surpluses from subsistence
production are more widespread in the Pacific, compared to West Africa, where

production and consumption are rather peculiar to specific ecological zones
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(Robin, 2008). Taro contributes significantly to poverty alleviation for several
vulnerable groups in producing regions. For some Pacific countries, taro exports
form a substantial part of foreign exchange earnings. In West Africa, however,
other traditional export products such as cocoa, coffee and timber exist and hence

taro is classified under the non-traditional export commodities (Robin, 2008).

Production Systems of Taro

There are two main production systems used in taro cultivation: flooded or
wetland taro production and dryland or upland taro production (De la Pena, 1998).
Dryland taro production implies that the taro is not grown in flooded or marshy
conditions and is essentially rain-fed (Onwueme 1994). Flooded taro cultivation
occurs in situations where water is abundant. The water may be supplied by
irrigation, by the swampy nature of terrain, or from diverted rivers and streams
and there is no need for irrigation (Robin, 2008). Despite its advantages, flooded
taro is restricted only to certain locations where the economics of production and
water availability permit the system to thrive. By far the largest area and
production of taro in the Asia and Pacific region occurs under dry-land
conditions. This is also true of global taro production (Robin, 2008).

There are essentially four types of planting materials that are used in taro
production: side suckers produced as a result of lateral proliferation of the main
plant in the previous crop, small corms (unmarketable) resulting from the main
plant in the previous crop; huli which is the apical 1-2 cm of the corm with the
basal 15-20 cm of the petioles attached; and corm pieces resulting from larger

corms (De la Pena, 1998).
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Three strategies are currently available for the rapid multiplication of
planting material. The first is to use a minisett technique analogous to the same
technique used for yams (Dioscorea spp.. The second rapid method of generating
planting material is through meristem tissue culture, which, starting from a single
plant, thousands of plantlets can be generated in a few months. A third method is

the use of the true seed of taro for planting (Onwueme, 1994).

Propagation and Growth Conditions of Taro
Propagation

Colocasia esculenta is grown in all parts of the tropics and subtropical
regions and has long been propagated vegetatively with planting distance of 60 by

90 cm or 90 by 90 cm (Onwueme, 1978; Raynor & Silbanus 1993).

Growth Conditions
Temperature

Growth is best at temperatures between 20°C and 30°C (Onwueme, 1978,
Silva et al., 1990; Manrique, 1994). Temperatures below or above this range have
been reported by Manrique (1994) to reduce plant growth and yield while
accelerating taro leaf blight disease and other fungal and bacterial diseases such as

bacterial leaf spot.

Soil and Water requirements
Taro can be grown in a well-drained soil if supplied with abundant water

which exceeds 2500 mm. It is able to tolerate heavy soils on which flooding and

14




waterlogging can occur (Onwueme, 1978; Raynor & Silbanus, 1993). Dry
conditions could result in reduced corm yields. They do best in moist or wet soil,
rich in organic material or compost with soil pH of 5.5-6.5 (Onwueme, 1978,
Raynor & -Silbanus, 1993). Macronutrients such as nitrogen, phosphorus and
potassium and micronutrients such as calcium, sulphur, manganese, boron, iron
and chlorine have been reported to be essential for normal growth of taro either in
upland or wetland conditions but their imbalances could reduce growth and yeild
(Silva et al., 1990; Manrique, 1994). One particular useful characteristic of taro is
that some cultivars are able to tolerate salinity and in Japan and Egypt, taro has
been used satisfactorily as a first crop in the reclamation of saline soils (Kay,
1973). Taro is also able to form beneficial associations with vesicular-arbuscular

mycorrhizae, which facilitates nutrient absorption (Kay, 1973).

Light requirement

It has been reported that highest yields of taro are obtained under full
intensity sunlight (Raynor & Silbanus, 1993; Manrique, 1994). However, they
appear to be most shade-tolerant than most other crops. This means that
reasonable yields can be obtained even in shade conditions where other crops
might fail completely. This is a particularly important characteristic which
enables taro to fit into unique intercropping systems with tree crops and other
crops. Daylight also affects the growth and development of taro. Formation of
corms is promoted by short-day conditions while flowering is promoted by long-

day conditions (Raynor & Silbanus, 1993; Manrique, 1994).
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Cultivation Practices
Weed control

Weed control may vary in various production systems. For flooded taro,
weed infestation is minimal, but some aquatic weeds do occur. Some of these are
pulled out manually, although in high-technology production systems, herbicides
may be added to the irrigation water. In Hawaii, Nitrofen at 3-6 kg/ha has been
found to be effective (Hunter er al., 2001). For Dryland taro, weed control is
necessary only during the first three months or so, if crop spacing has been close
enough. Thereafter, the crop closes canopy and further weed control is not
necessary (Hunter er al., 2001). In the last two months of the crop’s field life,
average plant height diminishes and spaces open up again between plants. Weeds
may re-appear but their potential for economic damage is very low. Weed control
with hand tools is the most prevalent practice in Dryland taro and it helps reduce
incidence and severity of pest and diseases (Jackson et al., 1980, Hunter ef al.,

2001).

Fertilizer application

The majority of taro growers in the Asia, Pacific region and Africa
(Nigeria and Ghana) especially those producing taro to be used as food, do not
use any fertilizer. Some even believe that fertilizers reduce the quality and
storability of their taro (Onwueme, 1978). Generally, taro has been found to
respond well to fertilizers and to manures and composts. Kay (1973) had earlier
reported that taro is able to form mycorrhizal associations which promote

phosphorus uptake. Also, in some flooded taro fields, Azolla is deliberately or
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inadvertently cultured in the field water, to improve the nitrogen supply to the

taro. This is quite common in flooded taro fields (Kay, 1973).

Dryland and wetland taro respond to N fertilisation (Silva et al., 1990,
Manrique, 1994). They reported that plant growth foliar N concentration and yield
increases as a result of N fertilization with maximum yield at N ratio of 560 and
1120 kg/ha for upland and lowland conditions, respectively. They also reported
on the response of taro to manure such as animal droppings and compost as well

as mulching with plants parts.

Harvesting

For dryland taro, maturity for harvest is signalled by a decline in the
height of the plants and a general yellowing of the leaves (Onwueme, 1994; Chan,
1997). These same signals occur in flooded taro, but are less distinct. Due to
continuous and abundant water supply, the root system of flooded taro remains
alive and active, and leaf senescence is only partial. The time from planting to
harvesting ranges from 5-12 months for dryland taro and 12-15 months for
flooded taro. Much depends on the cultivar and the prevailing conditions during

the season (Chan, 1997).

Harvesting is most commonly done by means of hand tools (Onwueme,
1994). The soil around the corm is loosened, and the corm is pulled up by
grabbing the base of the petioles. For flooded taro, harvesting is more tedious
because of the need to sever the living roots that still anchor the corm to the soil.
Even in mechanised production systems, harvesting is still mostly done by hand,

thereby increasing the labour and cost of production (Onwueme, 1994).
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Constraints to Production in West Africa

Generally, the yield of taro extensively cropped in West Africa is very
low. The yields are lower than those of the Pacific and Asian countries (FAQ,
1987). Cultivars produced are also low yielding and produce many suckers
leading to poor yields of ratoon crop. There is limited allocation of resources by
farmers and policy makers to the taro industry. This in part has limited research
effort on taro compared to other tuber crops in the Africa (Dapaah, 1994).
Urbanization has also caused a shift in food habits to the exclusion of taro in some
instances. This is aggravated by poor storability and lack of processing and stable
taro products. There is unfavourable competition against taro among root and
tuber crops for food uses. Drought and erratic rainfall distribution are major
hindrances to upland taro production, since irrigation facilities are non-existent. In
Egypt, where taro is grown commercially under flood irrigation, yield of 31, 00
kg ha™! is common (Manrique, 1995; FAO, 2001). There is inefficient marketing
strategies and limited and uncoordinated research. Leaf and corm rot diseases can
cause 40-90% yield loss (Doku, 1984). Corm rot in storage can result in 75%

corm loss during severe infection (Nwufu & Fajola, 1981).

Pests and Diseases
Pests of Taro

In many countries pests do not appear to present a serious problem on
taro. However, in some places they are of major importance and over 180 insects
have been listed as damaging to the leaves, and about 40 as causing damage to the

corms; snails, slugs, birds, rodents and other mammals are pests on occasion (Sar
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et al., 1998 & Carmichael ef al., 2008). Among the more important insects may
be noted the taro leaf hopper, Tarophagus proserpina, which also transmits virus
infections. The egg predator, Cyrtorrhinus fulvus has successfully controlled the
leaf hopper in the Philippines and other Pacific areas (Jackson & Gollifer, 1975).
Taro hornworm (Hippotion celerio), the cluster caterpillar (Spodoptera litura),
whiteflies (Bemisia spp.), spider mites (Tetranychus spp.) and aphids also attack
the leaves. These insect pests are controlled by chemical means including the use
of methomyl, carbaryl, diazinon, malathion and dimethoate (Carmichael e al,
2008). However, avoidance of indiscriminate spraying is important as a measure
of natural biological control frequently operates, and it is important not to
eliminate the bevneﬁcia] organisms: emphasis should be given to integrated control

(Jackson & Gollifer, 1975).

The corms are sometimes affected by the taro beetle (Papuana spp.). A
suggested control is by gamma-HCH applied to the planting holes and again at
intervals after planting (Jackson & Gollifer, 1975). Root knot nematodes
(Meloidogyne spp.) can cause severe damage, producing galls on the corms.
Treatment of planting material by immersion in water at 50°C for 40 minutes is

suggested (Jackson & Gollifer 1975).

Diseases of Taro
Diseases affecting taro include bacteria soft rot, leaf blight caused by
Phytophthora spp, Phyllosticta spot by Phyllosticta spp.; Dasheen mosaic which

is a viral condition transmitted by aphids or leaf hoppers, funga‘I root rots which
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may be serious either on the field or in storage, soft rot caused by Pythium spp.;

southern blight caused by Corticium rolfsii and others (Jackson & Gollifer, 1975).

Bacteria Soft Rot

Bacterial soft rot of corm is a strong smelling watery soft rot ranging in
colour from white to dark blue and plants wilt suddenly. The disease is caused by
the bacteria Erwinia chrysanthemi in the field and in storage (Figure 1). Wounds
and bruises caused by the feeding of insects and other animals and those inflicted
at harvest are the most common infection courts for this disease. Abundant
moisture is required for the invasion of the bacteria (Ooka, 1994). Control
measures therefore include careful handling of corms to minimize injury at
harvest, air drying of corms, and storage at low temperatures of only the sound

corms (Carmichael ef al., 2008).

Figure 1. Taro corm affected by bacteria soft rot caused by Erwinia chrysanthemi.
Source: Brooks (2005)
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There are no specific measures to prevent field infections of Erwinia
chrysanthemi, and the low incidence of the rot in taro planting precludes efforts to
find any. However, the ‘tops’. the petiole base with corm piece from corm-rot

affected plants should not be used as propagating material.

Fungal Diseases
Athelia rolfsii Corm Rot

The disease is caused by Athelia rolfsii (Curzi), which is a soil-borne
fungus that infects taro at the soil level, causing corms and roots to rot and leaves
to wilt. Infection starts at the soil level, at the base of the petioles. Fans of white
mycelia grow over the infected area and leaves often wilt. The disease is
characterized by the presence of more dead leaves than normal. The base of
petiole of wilted leaves would usually be covered with white mycelia and a mass
of sclerotia may be pale cream to reddish brown and 1-2 mm in diameter (plate
2). These are distinct from the basidiocarps produced by Marasmiellus
stenophyllus which may also occur on wilted taro leaves (Carmichael et al.,
2008).

Athelia rolfsii is a major pathogen of several crops, hence a number of
control measures have been developed, some of which may be applicable to taro.
These include removing and destroying infected plants by burning, applying good
cultural practices such as deep ploughing and encouraging the growth of micro-
organisms (especially Trichoderma spp.) that inhibit fungal growth; using soil
solarisation by covering the soil with plastic and allowing the sun to heat the

trapped air; liming the soil; applying fungicides and using crop rotation
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(McKenzie & Jackson, 1990). Crop rotation with non-hosts or tolerant hosts can
greatly reduce numbers of infective propagules in a field, although the sclerotia
can remain viable for many years. Cereal crops (Poaceae) are relatively resistant

to the fungus and so can be integrated to help manage the disease (Carmichael et

al., 2008).

FigurF: 2. Base of taro plant infected by Athelia rolfsii, Note the fans of mycelium
growing over the base of the petiole and a fringe of white sclerotia at soil level.
Source: Brooks (2005)

Marasmiellus Corm and Leaf Rot

The fungal pathogen Marasmiellus stenophyllus (Mont.) infects taro at the
base of the plant, destroying leaves, corms and roots, and commonly producing
toadstools on the dying parts (Figure 3). Corm and leaf spot caused by
Marasmiellus stenophyllus leads to leaf collapse due to the development of large
brown rots at the base of the plant associated with white fungal growth (Kohler et
al., 1997). The leaves are often stuck together by the fungal threads (mycelia).
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Toadstools form in large numbers on the withered leaves at soil level. The
fungus grows over the roots and kills them, and soil particles become fastened to
the roots in the process. Corms become inedible and, even at an early stage of
decay, may be unsightly with mycelium growth causing small ‘pocket’ rots.
However, the incidence of infection is low. Marasmiellus stenophyllus is quite
distinct on taro, but could be confused with Athelia rolfsii on completely dead
plants. The removal and destruction of infected plants by burning is helpful in

controlling the fungus (Carmichael et al., 2008).

Figure 3. Late stage infection of taro by M. Stenophyllus showing matted leaves
and mummified corm. Source: Brooks (2004).
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Pythium Corm Soft Rot

A number of Pythium species have been isolated from the roots and corms
of wilted plants in dry and wetland taro. These species cause corm soft rot in taro.
When infected, the whole plant becomes stunted, the leaf stalks are shortened, the
leaf blades become curled or crinkled and, instead of being a deep, healthy green,

are yellowish and spotted (Brooks, 2004).

Figure 4. Taro plants showing signs of infection by Pythium. Source: Brooks,
(2004)

The corms show rot of varying colour from whitish-yellow, through shades of
grey and blue, to dark purple. Usually, rot starts at the base of the corm and

progresses upward until the whole corm is affected (Brooks, 2004).

Occasionally, the disease starts at the side of the corm, 5—7 cm above the
base. The skin of a diseased corm becomes softened, usually remaining intact

until complete disintegration of the interior of the corm has taken place; then the
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skin also disintegrates (Carmichael et al., 2008). When the corm is cut open, a

sharp line of demarcation can be seen between healthy and diseased tissue (Figure

5).

Figure 5. Pythium corm soft rot of young plants. Source: Brooks, (2004)

Generally, the rot is evident on the corms as it develops from the base.
However, if it is an early infection, lesions on the surface of the corm may be
observed. If these are found, the corm should be cut open to see what lies beneath.
Although few other species of fungi cause rots in the field, there are others that

cause postharvest rots (Carmichael et al., 2008).

To manage this disease, only healthy material that is free from rot should
be planted. Removal of diseased plant material from the field at harvest can
reduce inoculum levels. Ploughing and drying of wetland taro fields are
recommended (Brooks 2004). Crop rotation with non-host crop plants is also
useful. Using 1% Sodium hypochlorite as corm dip has been found useful in
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reducing post harvest rot in Solomon Islands. Storage in leaf-lined, shallow soil-
pits have also been reported to reduce damage by rot in Solomon Island

(Carmichael er al., 2008).

Spongy Black Rot

This disease is caused by the fungus Lasiodiplodia theobromae (Pat.).
This organism in taro corms causes postharvest rot that is initially whitish-cream,
later becoming blue-black (Jackson & Gollifer, 1975). Lasiodiplodia theobromae
is frequently isolated in decayed corm tissues behind advancing rots caused by
Phytophthora colocasiae and Pythium splendens. Even in the absence of other
fungi, it enters corms through wounds made during harvest and causes complete
decay in 10-14 days. Lasioplodia theobromae causes a spongy rot, which
occasionally becomes dry and powdery, with an indistinct margin between

healthy and diseased tissue (Ooka, 1994).

Spongy black rot can be detected by cutting the corm to reveal the black
interior; it has a strong, sour smell and black spore masses form on the corm
surface (Carmichael ef al, 2008). Dipping corms in bleach (1% sodium
hypochlorite) for 2 minutes before storing in polyethylene bags is effective in
controlling this fungus. The traditional practice in the Pacific countries is to store
taro for up to 4 weeks buried in pits situated in shaded, well-drained soil

(Carmichael et al., 2008).
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Figure 6. Spongy black rot, Lasiodiplodia theobromae, in taro corms, causing rots
that are at first whitish cream and later blue black. Brooks, (2004).

Brown Leaf Spot (or Ghost Spot)

Brown leaf spot disease is caused by Cladosporium colocasiae (Sawada).
It is a fungal disease of older leaves. It is also called ghost spot because the
lesions are often less evident on the opposite surface of the leaf. This leaf spot
causes symptoms very similar to those of Neojohnstonia colocasiae (orange leaf
spot) (McKenzie & Jackson, 1990).

The symptoms include reddish brown, circular or irregular, diffuse spots
or blotches on either leaf surface, sometimes with dark, diffuse centres..
Sometimes the spots are surrounded by a yellow halo or have a dark brown,
diffuse border. Spots can be up to 15 mm in diameter, but are usually much

smaller when there are many spots on a single leaf (Brooks, 2004).
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Figure 7. Leaf showing symptoms of brown leaf spot. Source: Brooks, (2004)

The disease can be managed by applying Phytosanitary measures. Plant
quarantine authorities might require certification that consignments of leaves are
free from this pathogen when leaves are moved internationally. However, it is not
considered to be a pest of potential economic importance. No control is required;
however, removal and destruction by burning of infected leaves will reduce

inoculum levels (McKenzie & Jackson, 1990).

Orange Leaf Spot

Orange leaf spot caused by Neojohnstonia colocasiae (M.B. Ellis) is a
fungal disease of older leaves causing symptoms very similar to those of
Cladosporium colocasiae (brown leaf spot). Neojohnstonia colocasiae causes
yellowish-brown, circular or irregular blotches on either leaf surface. These

become darker with the onset of sporulation. Spots are sometimes surrounded by
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a yellow halo or have a brown border. They can be up to 15 mm in diameter, but
tend to be smaller when there are many spots on a single leaf. On the leaves, the
spots can be seen with the naked eye (McKenzie & Jackson, 1990; Brooks, 2004).

No control measures are recommended; however, removal and destruction
by burning of infected leaves will reduce inoculums levels (Carmichael et al.,

2008).

Figure 8. Orange leaf spot symptoms on taro leaf. Source: Brooks (2004)

Pseudocercospora Leaf Blotch

The disease is a fungal disease caused by Pseudocercospora colocasiae
(Deighton), mostly affecting older leaves. The symptoms are similar to those
caused by Neojohnstonia colocasiae (orange leaf spot) and Cladosporium

colocasiae (brown leaf spot) (McKenzie &Jackson, 1990; Brooks, 2004).
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The disease is characterised by blotches with indistinct, circular, yellow-

reddish to whitish-green discolouration on the upper surface of the leaf, and black

mould growth on the corresponding lower surface.

Figure 9. Taro leaf showing symptom of the leaf blotch disease Source: Brooks

(2004).

The blotches can be up to 1.5 cm in diameter. This disease is not considered to be

of economic importance; therefore, no control measures are necessary. It is a

disease of older leaves (Brooks, 2004).

White Spot of Taro
The disease is caused by the fungus Leptosphaerulina trifolii (Rostrup)
Petrak. This fungus produces yellow spots on taro leaves which later turn white.

Spots sometimes merge and show °‘shot hole’ symptoms as the centres fall out
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(Figure 10) (Kohler et al., 1997). Infections are initially visible as small, yellow—
green spots on the upper leaf. As spots mature, they become edged by a thin (1
mm), reddish-brown border and surrounded by an intense yellow halo, 1-2 mm
wide. Mature lesions are 2-5 mm in diameter with paper-white centres. Small,
black fruiting bodies (pseudothecia) can be seen on close observation against the
white tissue of mature lesions (Carmichael et al., 2008). Centres often fall out,
creating a ‘shot hole’ appearance. In severe infections, spots may coalesce, and

the leaves look tattered (Kohler et al., 1997).

g
Ral

Plate 10. Severe infection by Leptosphaeruling trifolii on taro. Source: Brooks,
(2004).
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The impact of this disease is very low and in Africa, only a few plants
have been seen to be severely infected (25-50% leaf area). Control measures are

usually not necessary (Carmichael et al., 2008).

Phoma Shot Hole Disease

This type of disease is caused by Phoma spp. (Phoma sp. and Phoma
colocasiae). The pathogen produces relatively large lesions on the leaf. As the
spots age, their centres fall out, giving the ‘shot hole’ effect (Figure 11)

(Carmichael et al., 2008).

Figure 11. Shot Hole (Phoma sp.) damage to a taro leaf, Source: Carmichael et

al,, (2008)
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The first symptoms of a Phoma infestation are small, round, brown spots
on the second or third leaves. As the spots enlarge to 2 cm in diameter, the brown
centres fall out, resulting in the typical ‘shot hole’ symptom. The holes have a
narrow, brown margin, which is surrounded by an intense yellow halo. The holes
may merge, so that large areas of the leaf are destroyed. This leads to premature
leaf death. Phoma spp. can be mistaken for taro leaf blight (Phytophthora
colocasiae), particularly when infection levels are high. The difference is that P.
Colocasiae lesions are often surrounded by a white zone of spores and exude

droplets that dry as dark pellets (Jackson & Gollifer, 1975).

Taro Leaf Blight Disease

Taro leaf blight (TLBD) caused by Phytophthora colocasiae is a major
disease of taro in the Pacific island countries and now some countries in Africa
(Carmichael et al., 2008). A small, circular speck, brown on the upper surface of
the leaf and water-soaked below, is the first sign of the disease. Infections often
begin on the lobes and sides of the leaf where water collects. The spots enlarge,
become irregular in shape, and are dark brown with yellow margins (Figure 12).
Initial spots give rise to secondary infections and, soon afterwards, the leaf blade

collapses and dies (Jackson & Gollifer, 1975). Spores are produced at night and

can be seen around the spots in the morning.
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Figure 12: Symptoms of taro leaf blight disease.Source: Brooks (2004).

Clear, yellow-to-red droplets ooze from the spots and develop into dark
brown, hard pellets as they dry. This is a characteristic symptom of the disease.
Spores may be trapped inside the pellets. Usually, petioles are not attacked, but
instead collapse as the leaf blade is destroyed (Brooks, 2005). The fungus can
also cause a postharvest corm rot that is difficult to detect unless corms are cut
open. The rots are light brown and hard. Corms can carry spores on the surface
(undetectable) and mycelium in postharvest rots. Corms need to be cut open to

detect the rots (Carmichael et al., 2008).

Origin and Distribution of Taro Leaf Blight
Raciborski (1900), in Java, was the first person to study taro leaf blight
disease and to name the causal pathogen. There is limited information on the

origin of P. colocasiae (Zhang et al., 1994). Ko (1979) indicated that Asia may be
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the centre of origin of P. colocasiae given that it is the centre of origin in the
world for many wild and cultivated varieties of taro. Prior to this, Trujillo (1965)
had also speculated on a Southeast Asian origin for the pathogen. Based on this,
Trujillo (1965) further postulated that the disease dispersed into the Pacific region
by three different routes: first to Hawai’i via the Philippines; secondly from
Taiwan to Micronesia via the Philippines; and thirdly to Fiji via Papua New
Guinea and Solomon Islands. The movement of taro leaf blight via Papua New
Guinea and Solomon Islands would appear to be a separate route and is supported
by anecdotal evidence from inhabitants of these countries expressing that the
disease only appeared after the Western Pacific Campaign of World War Il
(Oliver, 1973). The disease is currently in Africa having been reported in Nigeria,

Cameroon and Ghana (Bandyopadhyay ef al., 2011, Omane ef al., 2012).

Host Range of P. colocasiae

Phytophthora colocasiae has limited host range (Nelson et al., 2011). The
pathogen is known to infect primarily Colocasia spp. (C. esculenta, C. esculenta
var. globulifer, C. antiquorum) and Alocasia macrorhiza (giant taro). Although
Alocasia taro can be infected by the pathogen, the ability of the disease to become
epidemic on this host is restricted by very low inoculum production (Brunt et al.,
2001). Xanthosoma saggittifolia is immune (Fullerton & Yyson, 2001). Other
reported hosts include Amorphophallus campanulatus  (elephant-foot yam),
Bougainvillea spectabilis (bougainvillea), Cantharanthus roseus (periwinkle),

Hevea brasiliensis (rubber), Panax quinquefolius (American ginseng), Piper
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betle (betel), Piper nigrum (black pepper), Ricinis communis (castor bean) and

Vinca rosea (periwinkle) (USDA, 2010).

Epidemiology of Taro Leaf Blight Disease

Inoculum in the form of spores is spread by wind-driven rain and dew to
adjacent plants and nearby taro plantations (Jackson, 1999). The disease can also
be spread through planting materials, and Phytophthora colocasiae has been
reported as remaining active on planting material for about three weeks after
harvest (Jackson, 1999). Mostly, taro planting material for the next crop comes
from the crop being harvested (Ooka and Brennan, 2000), and the use of planting
material from infected corms increases leaf blight disease incidence in subsequent
taro crops. In addition, the disease is found to occur more and is severe in flood

land taro than dry land taro (Ooka, 1994).

Plant density, temperature and humidity appear to be the most important
factors influencing infection and spread of blight disease (Ivancic ef al., 1996).
Ooka and Brennan (2000) have also reported that the number of plants grown in a
given space affects taro leaf blight disease prevalence and yield. High plant
density makes it easier for insect pests to move among plants and if sunlight and
air circulation are too restricted, blight disease can occur more readily (Ooka and
Brennan, 2000). Plants growing in extremely hot and humid environments show
higher susceptibility to blight disease than those growing under normal conditions
(Ivancic et al., 1996). The absence of certain important soil nutrients such as

calcium and phosphorus can also exacerbate the disease (Tilialo et al., 1996).
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Guanino and Scot (2010) have recently reported that under cloudy weather
conditions with intermittent rains and temperature around 28 °C, the disease
quickly spreads across entire fields giving them a blighted appearance. Epidemics
are favoured by repeated night temperatures close to 20 to 22 °C and relative
humidity of 90-100 % when zoospore release is greatest. Under such conditions

colocasiae leaves could be damaged in 5-7 days.

Phytophthora produces thick-walled asexual chlamydospores and thick-
walled sexual oospores for survival in unfavourable environmental conditions. In
addition, Phytophthora produce asexual sporangia that can be dispersed by water
and wind (Alexopoulos ef al., 1996). When the sporangia are exposed to high
humidity or free water, they can germinate directly or indirectly. Direct
germination is common under conditions of high humidity and occurs when the
sporangium produces a germ tube that is able to cause infection (Alexopoulos et
al., 1996) while indirect germination occurs in the presence of free water.
Occasional sunlight with intermittent rains is more favourable for disease severity
compared to prolonged cloudy weather with rainfall (Misra and Chowdhury,

1997).

Management of Taro Leaf Blight Disease

Taro leaf Blight disease if not managed early can lead to yield reduction of
more than 50% (Jackson, 1999). Unmanaged blight disease also causes changes in
cropping patterns of Colocasiae esculenta (Jackson, 1996) and consequently, the
existence of taro can be jeopardized. The survival of the crop and genetic data has

been threatened with extinction (Jackson, 1996). Various management strategies
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have been used for taro leaf blight, including cultural, biological and chemical
control, the use of resistant cultivars and integrated pest and disease management

(IPM) (Jackson, 1996).

Cultural control

Cultural control is the use of farming practices to manage pest and
diseases of crops in the field. Various cultural methods have been recommended
for the control of taro leaf blight (Hunter ef al., 2001). The removal of infected
leaves has been effective during the early stages of disease development in a
number of countries (Hunter ef al., 2001). However, regule;r rogueing of diseased
leaves in plots affected by severe blight did not eradicate the pathogen (Jackson ef
al. 1980). Although rogueing of infected leaves may not eradicate the pathogen, it
could delay the start of epiphytotics (Ashok & Saikia, 1996). They observed a

rapid increase in disease and a decline in corm yields after rogueing had ceased.

Wide spacing of plants has been reported to reduce disease severity but this
appears to have a negligible effect when conditions favour disease development
(Hunter er al., 2001). Attempts to decrease the effect of Phytophthora colocasiae
by wider spacing than the traditional spacing (76 x76 cm) were unsuccessful

(Jackson et al., 1999).

Other cultural methods that have been recommended include delay
planting on the same land for a minimum of three weeks, avoiding plantings close
to older infected ones and preventing the carry-over of corms or suckers which

can harbour the pathogen from one field to another (Jackson, 1999).
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Intercropping has also been suggested as one of the cultural methods for
controlling TLB disease. Amosa and Wati (1997) reported that disease incidence
and severity of taro leaf blight was lower in taro and maize intercropping system
than those grown in monoculture. The effect of planting density and relative time
of planting on taro and rice intercropping system yielded similar results
(Agyekum, 2004). A trial to investigate the effect of planting and harvesting time,
intercropping, the role of fertilisation on the incidence and severity of the disease

and the effect of leaf removal was inconclusive (Chan, 1997).

Chemical control

The use of fungicides such as Copper and Copper metalaxyl-based
compounds have been reported to be the most reliable and popular method with
farmers in Asia and the Pacific because of the quick and effective action
(Adejumo, 1997). Jackson (1996) reported that blight disease can be controlled by
spraying with Copper fungicides. Ashok and Saikia (1996) also observed in field
trials that excellent control of taro leaf blight was obtained when plants were
treated with Chloroneb and Captafol, good control with Metalaxyl; fair control
with Copper oxychloride; and poor control with Thiophanate-methyl and Zineb.
Field experiments conducted to study the effect of fungicides in controlling leaf
blight caused by P. colocasiae in taro revealed that 0.2% Metalaxyl and
Mancozeb as Ridomil MZ-72 was the most effective treatment, followed by 0.2%
Captafol, Bordeaux mixture (1% Copper sulphate and lime) and 0.25% Mancozeb
(Ashok and Saikia, 1996). An increase in yield was recorded for all treatments

over the untreated control.
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The frequency and time of spray application have been reported to affect
the effectiveness of fungicides (Adegbola, 1993). Bergquist (1974) confirmed the
effect of fungicide rate, spray interval, timing of spray application and
precipitation in relation to control of leaf blight disease of taro with Mancozeb at
various rates. it was observed that rate of fungicide had no effect in the drier sites,
while at wetter sites, the highest rate of 4.48 kg/ha was the most effective.
Spraying every 5 days was more effective than spraying every 14 days.

Applications of fungicide at 7-day intervals gave substantial disease control.

Use of resistant varieties

The use of resistant varieties to manage pest and diseases of crops is the
manipulation of the morphology or physiology of a crop plant by selective
breeding and hybridization so that the pest. pathogens and diseases do not or
cannot become established (Hunter ef al., 2001). Host resistance is probably the
most valuable control in agriculture (Erwin and Ribiero, 1996), if available.
Resistant varieties are not only environmentally friendly but also require little
additional disease control inputs from farmers.

Relatively, there are very few varieties of taro and this is believed to be as
a result of diseases (Wall and Wiecko, 1998). Most farmers who traditionally
grow taro cannot afford the extra costs required for fungicides and labour
involved in leaf removal and spraying (Hunter et al., 2001). In Samoa, four taro
cultivars screened and evaluated for their resistance to taro leaf blight, for their
yield and eating quality performed well and gave positive results whiles in Africa,

especially in Ghana and other parts of West Africa, most farmers grow the white
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and brown taro types which are found elsewhere to be susceptible to taro leaf

blight disease (Hunter and Pouono, 1998).

Biological control

Biological control is the use of living organisms to suppress the population
of a specific pest organism, making it less abundant or less damaging than it
would otherwise (Englberger ef al., 2001). Several potential biocontrol agents
have been reported on various plants. These include Aspergillus niger (Van
Tieghan), Penicillium spp. and Trichoderma viride (Peri) (Odamtten, 1977),
Bacillus spp. (Odigie and lkotun, 1982) and Awnoplolepis longipes (Jerdon)

(McGregor and Moxon, 1985).

Soil application, seed treatment, and foliar spray of rhizobacterial cultures
that were isolated from taro on Phytophthora blight reduced the disease incidence
and severity and increased the yield, compared to untreated pathogen-inoculated
control plants (Sriram et al., 2003). Biological control agents may be used
judiciously as a complement to chemical application and cultural practices. In
such a situation, compatibility with the synthetic fungicide would be desirable, as

it is often possible to schedule both in control programmes (Coffey, 1991).

Integrated pest management

Taro leaf blight epidemics can progress quickly and with high severity.
The highly infectious nature of the disease may exclude the use of a single
cultural, physical management practice, biological control methods or use of

resistant varieties and the use of pesticides on taro is costly and can pose
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environmental hazards (Jackson, 1996). Therefore, taro growers may need several
complementary methods may be needed to reduce the incidence and severity of

taro leaf blight to acceptable levels.

A farmer friendly integrated disease management package of TLBD has
been developed by Misra et al. (2004). The package includes growing short
duration crop with early planting, for example, in March one protective spray with
mancozeb (0.2%) at 45 days after planting followed by one spray with metalaxyl
(0.05%) at 60 days after planting, intercropping with non-host crops like okra, use

of disease free seed tubers and seed tuber treatment with Trichoderma viride.
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CHAPTER THREE
ASSESSMENT OF TLBD PREVALENCE, TARO PRODUCTION
ACTIVITIES, PERCEPTION AND MANAGEMENT OF THE DISEASE
AMONG FARMERS IN THE EASTERN REGION

INTRODUCTION

Taro (Colocasiae esculenta) is a very important food crop for many small
scale farmers in Ghana (Ackah er al., 2014). The crop provides several
opportunities for generation of income and the attainment of food security
because of its multiple uses and the consumption of its various products (MOFA-

SRID, 2013; Sagoe, 2006).

The major producing areas in Ghana are in the Eastern, Brong Ahafo,
Ashanti and Western Regions of Ghana (Acheampong ef al. 2014). Even though
taro has numerous socioeconomic and nutritional importance, production levels
continue to drop each year. Land areas under cultivation have consistently
declined whereas current yield levels are below national achievable average of 8
mt ha™ (MoFA, 2010), and this has been reported to be as a result of the taro leaf
blight disease (van der Puije et al, 2015), which was first reported in the Eastern
region of Ghana (Omane et al., 2012). The little research attention received by the

crop may also play a role in the yield decline.

Assessments of incidence and severity are the currency by which the
TLBD epidemics from the various districts in the Eastern region of Ghana can be
characterized and compared. Assessment of the disease also is vital to the

interpretation as to whether disease management practices are successful.
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Currently, there is no clear documentation of the cultural practices
associated with taro production in Ghana and the reason for the lack of
documented knowledge about taro production may be associated with its status as
an underutilized crop in the country. For an effective management strategy to be
developed for the taro leaf blight disease in a particular place, there is the need to
assess its prevalence, current farming practices, farmers knowledge of the disease
and the disease management practices they are adopting. That is the purpose for

this aspect of the research.

MATERIALS AND METHODS
Study Area

The study was conducted in ten (10) districts (Asuogyaman, East Akim,
Yilo Krobo, New Juabeng, Fanteakwa, Atiwa, Kwawu South, Kwawu West,
Birim South and Suhum/Kraboa/Coaltar) of the Eastern region. The Eastern
region covers an area of 19,323 square kilometres and occupies 8.1 per cent of the
total land area of Ghana. It is the sixth largest region of the country and has a total
population of 2.106.696, representing 11.1 per cent of Ghana’s population. It is
the third most populous region, after Ashanti and Greater Accra. The population
is made up of 49.2 per cent males and 50.8 per cent females (Government of

Ghana, 2018).

It lies between latitudes 6° and 7° North and between longitudes 1°30’
West and 0°30° East. The region shares common boundaries with the Greater
Accra, Central, Ashanti, Brong Ahafo and Volta Regions. The region has four

main geographical features, namely, the Kwahu scarp with an elevation 788
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metres above sea level, the Atiwa-Atwaredu Ranges near Kibi, reaching an
elevation of 732 metres, the Akuapem highland attaining an elevation of 466
metres which is the southern extension of the Togo-Atakora mountain ranges and
the isolated hills/mountains dotting the relatively low-lying plains to the south,
notably the Krobo and the Yogaga mountains.The region is also characterized by
long range forest highlands such as the Akim, Kwahu, Akwamu, Krobo and Shai

Hills (GoG, 2018).

The region falls within two main vegetation zones. The Tropical Forest
zone (60%) and Guinea Savanna zone (40%). The soils from these zones are
suitable for the cultivation of a variety of crops including cocoa, cola-nuts, citrus,
oil palm and staple food crops such as cassava, yam, cocoyam, maize, rice and
vegetables. The region contributes significantly to the production of industrial
crops such as cocoa, pineapple, pawpaw, cola nut and oil palm and also has a
substantial share in the national production of maize, cassava, and citrus.
Available also in the region are exotic crops such as black and sweet pepper,
ginger, cashew nuts, Irish potatoes. rubber and mangoes. which are all gaining

importance as export commodities (GoG, 2018).

The region lies within the wet semi-equatorial zone characterized by
double maxima rainfall in June and October. The first rainy season is from May to
June, with the heaviest rainfall occurring in June while the second season is from
September to October, with little variations between the districts. Temperatures in
the region are high and range between 26 °C in August and 30 °C in March. The
relative humidity which is high throughout the year varies between 70 per cent -
80 per cent (GoG, 2018).
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Figure 13. A map of the Eastern region with the surveyed districts and
communities (marked red).

Assessing taro production activities, farmers perception and management
(pesticide and rouging/pruning) of the TLBD in the Eastern Region

Questionnaires (Appendix 1) were administered to a total of 210 farmers
from the ten selected districts (Figure 13). In each district, 21 taro growing
farmers were selected with the help of the Agricultural extension officers (AEAs).
Both open-ended questions that permitted the farmers to record their own
opinions and closed-ended ones that offered a list of possible options from which
the farmers could choose, were administered through interviews. The purposive
sampling technique was used. The questionnaire sought information on taro
production activities (land area (acres), topography, cropping systems, source of

planting materials, and mode of planting), perception of farmers’ on TLBD and
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their management practices (whether the respondents use pesticides, whether they

prune or rogue diseased leaves and their effectiveness).

Field Assessment of disease incidence and severity

Surveys to establish incidence and severity of the leaf blight disease in the
region were conducted in two seasons (rainy and dry seasons) in the ten selected
districts. The sampling procedure was done according to the method proposed by
van der Puije e al. (2015). In every district, three taro farms were assessed with
one from each selected community. The communities selected were between 5 to
10 km apart. A total of thirty (30) farms were assessed. The diagonal pattern was
used during selection of plants for assessment on a farm. At every five paces, a
plant was assessed for presence or absence of leaf blight symptom. Percentage

incidence was then determined by the given formula;

. .. Number of infected plants
= al. 2
Disease incidence Total number of plants assessed x 100 (Shakywar et al., 2012)

Disease severity was scored using a scale of 0-6 as described by Gollifer and
Brown (1974) and modified by Ackah er al. (2014), with 0= 0% of leaf area
damaged to 6= 94-100% leaf area damaged by the leaf blight (Table 1) . Climatic
data (temperature and relative humidity) during the period of survey were

obtained from the Meteorological Agency, Accra.
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Table 1. Assessment Key for Scoring Severity of Taro Leaf Blight (TLB)
Disease on the Field

Disease Score Nature of Infection (%) Description
0 No visible symptoms ['ﬁ\f,}
| [-7% of leaf area damaged p \;J
.
2 8-25% of leaf area damaged

3 26-50% of leaf area damaged
4 51-75% of leaf area damaged
5 75-93% of leaf area damaged
6 94-100% of leaf area damaged

Data Analyses

Data for the socioeconomic survey was analysed using descriptive
statistics which was accomplished using Statistical Package for Social Science
(SPSS), version 16. Results were illustrated as percentages and charts. Incidence
and severity scores were analysed with generalized linear model (GLM) using
GenStat 12" edition and the predicted means separated using Fisher's protected

least significant difference (LSD) at 5% level of probability.
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RESULTS
Background characteristics of Farmers (respondents)
Gender Distribution
From Figure 14, seventy five percent (75%) of the respondents were male

while 25% were female.

Age Distribution
Majority (28%) of the respondents were between the ages of 40 to 49

years while 25% were 30 to 39 years. More than 50% of the respondents were

relatively young (Figure 15).

W Female

| Male

N=210
Figure 14. Gender distribution among respondents
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N=210
Figure 15. Age distribution of the respondents.
Educational Level

The highest educational levels attained by farmers/respondents are
presented in Figure 16. It is evident that majority of the farmers (53%) are Junior
high school (JHS) or Middle school leavers (MSL). Sixteen percent (16 %) have
obtained primary school education, 12%, senior high school (SHS) education, 2%
with diploma or certificate A from agriculture or teacher training schools, and 1%
ecach, had tertiary or adult literacy education. Fifteen percent (15%) of the

respondents did not have any formal education.

50
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W primary education

® adult literacy
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N=210
Figure 16. Education Level of Taro Farmers in the Study Area

Taro Production Activities by farmers in the study area

Land Holdings

Figure 17 presents the land holdings of taro farmers in the ten districts.
Majority (31%) of the farmers had land sizes between 1 to 2 acres and 26% with
less than 1 acre. Twenty-four percent (24%) of the farmers had land sizes of

greater than 3 acres and only 19% owned between 2 to 3 acres of land.

Topography of Farm Land

From Figure 18, which presents the responses of farmers about the
topography of land used for taro cultivation, majority of the farmers (61%)

cultivate on plains of flat lands of river banks, while 37% cultivate in valleys.

Only 2% cultivate taro on hills or highlands.
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B <1 acre
E1-2acres
2-3acres

I > 3 acres

N=210
Figure 17. Land holdings for taro production in the study area

hills/high
lands

2%

Fi;iig 18. Topography of site used for taro production by farmers
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Cropping Systems
Cropping systems practiced by farmers are presented in Figure 19. Sixty-

five percent (65%) of the farmers practise monocropping and 29% mixed

cropping. Intercropping is practised by only 6% of the farmers.

B monocropping
B mixed cropping

I inter cropping

N=210
Figure 19. Cropping systems practised by taro farmers

Sources of Planting Materials

In Figure 20 are presented the responses of farmers about their sources of
planting materials. Majority of the farmers (42%) used volunteer plants, 36%
obtain them from the wild while 19% of the respondents obtained them from

other farmers. Only 2% buy their planting materials from the market or get them

from the Agric offices (1%).
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Mode of Planting

Figure 21 represents the responses of farmers on the mode of planting.

Eighty eight percent (88%) of the farmers planted in a scattered mode while 22%

plant in rows.

® volunteer plants

B from other farmers
 from the wild

B buy them

= From Agric Office

—

N=210
Figure 20. Main source of planting materials of farmers

Hrow

m scattered

N=210

Figure 21. Mode of planting of taro suckers by farmers
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Farmers Perception of Taro Leaf Blight Disease (TLBD)

Observation of TLBD

Figure 22 presents the responses of farmers to their observations of the
disease on their farms. It is evident from the figure that 85% of the farmers had

observed the disease on their farm and only 15% responded they had not observed

it on their farm.

Period of Occurrence

In Figure 23 are presented the responses of farmers on the period of
occurrence of the disease on their farms. While 65% responded that the disease
occurs in the rainy season, 25% indicated that it occurs in the dry season; 7%

reported that the disease occurs throughout the year, and 3% were not sure of the

period of occurrence.

myes

®no

N=210 _
Figure 22. Response of farmers to the observation of TLBD on their farm
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B Rainy Season

B Dry Season

B Throughout the year
E Do not Know

N=177
Figure 23. Period of year the disease occur on farmers’ field.
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Distribution of TLBD on Farm

In Figure 24 are presented the responses of farmers concerning the part of
their taro farm where the disease is severe. While 60% of the respondents or
farmers indicated that the disease is severe on plants found in marshy area with
stagnant water, thirty percent (30%) said the disease is severe in marshy areas
with flowing water. Only 10% responded that the disease is severe on plants

found on dry land on river plains or under upland conditions.

Extend of TLBD Attack on Farm

Figure 25 presents the farmers’ responses of the land area attacked by the
TLBD. Majority of the respondents (76%) indicated that the whole farm had been
attacked, 12% indicated that three quarter (3/4) of their farm had been attacked
and 6% each of the respondents reported that half (1/2) and a quarter (1/4) of their

farms had been attacked by the disease, respectively.

® the whole farm
® 3/4 of the farm
[11/2 of farm
® 1/4 of farm

N=177

Figure 25. Area of taro crop attacked by the disease on farmers field
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Severity of TLBD in Surveyed Locality

Figure 26 presents the response of farmers on the widespread nature of the
disease in their locality. Seventy four percent (74%) of the farmers responded that
all taro farmers in their locality is affected by the disease, 9% each responded that
only few people are affected or did not know the disease situation on other
farmers field, 5% responded that it is only their farm that is affected. Three

percent (3%) responded that their farms and those closer are the only affected

farms.

B everybody in my
locality is affected

® only few people are
affected

i only me and those
close to me are affected

® it only my farm that is
affected

® dont know of
anybody's problemof
TLB

N=177
Figure 26. Farmer’s responses of the prevalence of the disease in their locality

Responses of Farmers on Management of TLBD in the Region

Control of TLBD

In Figure 27 are presented the response of farmers on their attempt to
control the disease. Twenty-six percent (26%) of the respondents or farmers had

made effort to control the disease while Seventy-four percent (74%) had not.
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M yes

Eno

N=177
Figure 27. Response of Farmers i
their farms on their attempt to control the TLB disease on

Use of Pesticide
Figure 28 shows the response of farmers on the use of pesticides. Amongst

the 26% who control the disease in Figure 15, 82% used pesticide and 18% did
0

not use pesticide.

M yes

M no

N=47
Figure 28. Response of farmers’ on the use of pesticide to control TLB
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Types of Pesticide Used

From Figure 29 which presents the responses of farmers on the type of
pesticides used, 20% of the farmers did not remember the kind of pesticide they
used, 15% used Lambda, 10% each used Funguran-OH or Actellic and Dursban,
8% used sunpyrifos, 7% each used Carbodan or Poison, 6 % used Karate, 5%
each used Akati master or Dursban, 4% used both Dursban and Funguran-OH, 2%

used conquest and 1% used fertilizer.

o — SRS m Actellic, Dursban,

m Akati Master

@ Karate

m Carbodan

m Conquer Super

@ Dursban and Funguran-
OH

m Dursban

m Fertilizer

£ Funguran-OH

m Lambda

N=8 N |
Figure 29. Type of pesticide used by the respondent to control the disease
Frequency of Pesticide Application

With respect to the frequency of application (Figure 30), 74% of the

respondents apply the pesticide as and when the disease appears and 13% apply

once or more than once a month.
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M as and when the
disease appears

B more than once a
month

@ once a month

N=8
Figure 30. Response of farmers on the Frequency of application of pesticide

Non-Pesticide Control Method

Amongst the farmers in Figure 28 that did not use pesticides in controlling

the disease, 37% prune or rogue infected plants in managing the disease while

63% did not (Figure 31).
Hyes
®no
N=38 _ |
f farmers on the use of pruning/rouging of infected plants to

Figure 31. Response 0
manage the disease.
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during once a month
harvesting \W 0

N=14
Figure 32. Responses of farmers on the period during which infected plants are
pruned or ro gued

Time of Pruning and Roguing
From Figure 32, 96% of the farmers responded that they prune or rogue as

and when the disease appears, 2% each, said during harvesting and once every

month respectively.

m not effective

m it rather make it worse

Il it was a bit effective

m Very effective

W it was somehow
effective

§=14 33. Responses of farmers on the effectiveness of roguing or pruning on
igure 33.
their farm
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Effectiveness of Pruning or Roguing

From Figure 33, 30% of the respondent found rouging to be very effective,
25% indicated it was somehow effective with 20% responding that it is not
effective. Fifteen percent (15%) of the respondent indicated that pruning was

somehow effective and also 10% revealed that it rather made it worse.

Incidence and Severity of the Taro Leaf Blight Disease in the Eastern Region
of Ghana

The results in Figures 34 to 37 represent the incidences and severities of
the TLBD in two different seasons in the ten selected districts (Asuogyaman,
Atiwa, Birim South, East Akim, Fanteakwa, Kwawu South, Kwawu West, New

Juabeng, Yilo Krobo and Suhum/Kraboa/Coaltar) in the Eastern Region of Ghana.

Incidence of Taro Leaf Blight Disease in Ten Taro Growing Districts in the

Eastern Region

Wet Season Incidence

Figure 34 shows the mean incidence of TLBD in 10 districts of the

Eastern region during wet season. From the figure it can be observed that the

highest disease incidence of 92.2% was recorded at Fanteakwa and New Juabeng

districts, followed by East Akim, Kwawu West and Kwawu South with

incidences of 90% each. The Suhum/Kraboa/Coaltar and Asuogyaman districts

recorded signiﬁcantly lower incidences, of 62.2% each.
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Dry Season Incidence

In the dry season (Figure 35), the highest TLBD incidence of 78.9% was
recorded at Fanteakwa district, followed by Yilo Krobo district (77.8%) and East

Akim district (76.7%). The lowest percentage incidence of 69.9% was recorded at

Kwawu South district (69.9%).
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Figure 34: Incidence of TLBD in Ten Districts of Eastern Region during the Wet

Season
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Figure 35 Incidence of TLBD in ten districts of eastern region during the dry

season.
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Severity of TLBD in Ten Taro growing Districts in the Eastern Region of
Ghana

Figure 36 shows the mean severity and the GLM means prediction during
the wet and dry seasons. In the wet season, it can be seen that the severity scores
range from 1.075 to 2.332 with the highest mean severity of 2.332 recorded at
New Juabeng District. It was however not significantly different (p>0.05) from
that recorded at Kwawu West (2.103). The mean severity at Kwawu West was not
also significantly different from East Akim district which recorded a mean
severity of 1.966. Kwawu South, Atiwa, Yilo Krobo and Asuogyaman districts
were not different from each other. Again, Kwawu South, Asuogyaman, Yilo
Krobo and Birim South districts were not significantly different ( p>0.05) from
each other. The lowest mean severity of 1.075 was predicted at
Suhum/Kraboa/Coaltar district but was also not significantly different from the

means predicted at Fanteakwa (1.210) and Birim South Districts (1.353).
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District Mean Severity of TLBD

From figure 37, it can be observed that the overall mean severity shows
New Juabeng district having the highest severity of the disease (1.911) and the
means was significantly higher than all the other districts. The mean severity
predicted for Kwawu West district of 1.635 was not significantly higher than
those predicted for East Akim (1.531), Yilo Krobo (1.528) and Asuogyaman
Districts (1.434), but were however significantly different from the severity
predicted for Birim South (1.090) Suhum/Kraboa/Coaltar (1.109) and Fanteakwa
Districts (1.206). Suhum/Kraboa/Coaltar, Fanteakwa and Kwawu South Districts
were not also significantly different from each other in their predictions. Again
kwa district, Kwawu South and Atiwa districts were not significantly

Fantea

different from each other in the severity predicted. And the same applies to

Kwawu South, Atiwa and Asuogyaman.

DISCUSSIONS

Agricultural production is affected directly and indirectly by many factors

because farmers decide what to grow, where to grow as well as the methods of

production to be used constantly. Production activities and perception of farmers

can influence management strategies used in combating diseases (Boakye-

Acheampong, 2016).

The background characteristics of the farmers in the study area revealed

that most of the farmers who are into taro production in the Eastern Region are

male. Men have been reported to be responsible for major work in taro production

with the women responsible for processing, selection for culinary use and
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maintenance of planting materials (Dagne & Mulualem, 2014). The farmers ages
range between 20 to 89, with majority between the ages of 40 to 49. Based on age
categorisation by Petry (2002) ages of between 36 to 55 years are referred to as
young adults, 18 to 35 years are middle-aged adults and older than 55 years
referred as older adults. Based on this categorisation, most of the taro farmers in
the region were identified to be young and middle-aged adults. These groups of
people are very active and full of energy and also have a lot of responsibilities
which includes finding food to feed the family. Taro being a food security crop is
an option for these age groups of farmers in the Eastern region in providing food
for their homes, since taro thrives in areas where other crops will not survive. In
addition, taro needs little attention, so the farmers can also be doing other
activities growing taro. Though most of the farmers in the study area were
identified to have formal education being junior high school or middle school
leaver, only a few of them had diploma or certificate A from agriculture or
teacher education colleges or tertiary institutions. With this level of education of
ion, it will be difficult for them to be able to make the right

the farmers in the reg

diagnosis of the disease and also apply the right management methods if not

properly trained, since most Middle school leavers or JHS graduates cannot even

read or write in the country (Davidson, 2014). In South Africa, eighty percent

(80%) of taro farmers were observed to have grade seven or less formal

education, consequently affecting taro production in the country (Shange 2004)

The results on the production practices employed by farmers in the study

area revealed that majority of the farmers in the districts cultivated taro on smaller

pieces of land (0.45 to 1.44 acres) though some also produced on land sizes
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greater than 4 acres. This confirms the report of Quaye et al. (2010) who revealed
that taro is cultivated predominantly on small holdings with an average farm size
of 0.8 hectares. Acheampong et al. (2014) made similar observation and reported
that cultivation of taro and cocoyam are done on plots of sizes between 0.2 and
0.5 acres in Ghana.

The farmers cultivated taro on plains or flat lands along river banks where
there is normally flooding in some period within the year and in valleys. Planting
in plains or flat lands is easier than in valleys and also water drains easily from
flat lands or plains, whereas in valleys there is always a lot of water which
sometimes becomes stagnant (De la Pena, 1998). Taro has been reported to
mature early when grown on flood plains with good drainage than in valleys with
stagnant water, since water accumulation on taro field encourages vegetative
growth, delays bulking (De la Pena, 1998) and also affects disease occurrence and
severity, consequently, the high incidence of the disease in the region. Some
farmers also plant taro with other crops and this may account for the reason why
area cultivate taro in flood plains or on flat land. Flood

most farmers in the study

waters recede faster on river plains than in valley bottoms where soils maybe

heavy.

With respect to cropping systems, it was observed that most of the farmers

practiced monocropping, with some practicing mixed cropping and intercropping.

Taro does well in areas where other crops may not survive and that may be one of

the major reasons for it being grown as a sole crop by most of the farmers in the

study area (Robin, 2008). Boakye-Acheampong, (2016) made similar observation

on the cropping system of taro and cocoyam in the Fanteakwa and Asunafo South
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district in the Eastern region. He also observed that mixed cropping was the most
common cropping system where farmers intercropped taro with tomatoes, okra
and garden eggs. This is because cultivating taro in river plains provide space for
intercropping, since flood water that drains from the river plains within the
growing season makes the field suitable for other crops to be intercropped with
taro. Dagne & Mulualem (2014) in their research to explore indigenous
knowledge and production constraints of taro cultivars in Ethiopia reported that
most taro farmers in Ethiopia did not practice intercropping but rather

monocropping, and this is because taro is mostly cultivated in valleys or in areas

where water accumulates all year round, and this do not make the soil suitable for

growing other crops, but only support taro production.

The survey also revealed that most farmers in the study area get their

planting materials as volunteer plants on their farm lands while others got them

from the wild and from other farmers. Such planting materials could be infected
with TLBD can lead to the build up of causal agent hence, the high incidence of

disease in the area. Taro has received little research attention until recently, so

getting good quality planting materials which are disease free would be very

difficult by the farmers and therefore the choice to rely on volunteer plants and

also planting materials from the wild. Boakye-Acheampong, (2014) confirmed in

his research on taro and cocoyam that taro farmers mostly benefit from volunteer

sprouting in Ghana. This is because the cormels are able to stay in the soil for

some period until a good condition is created for it to sprout. Therefore it is

common in the region that whenever a new field is cleared, taro or cocoyam

easily sprouts by themselves. However, using such planting materials which could
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be infected with TLBD can lead to the build up of inoculums and spread of
disease, hence high incidence observed in the area.

Taro Farmers in the study area planted their suckers in scatter rather than
in rows and that is because of the little research attention received. They may also
have not received any special training on taro cultivation practices.

In assessing the perception of the farmers on the taro leaf blight disease and the
method of managing the disease, it was identified that most of the farmers had
observed the disease on their farms and they also responded that the disease
occurs mostly in the rainy season than the dry season. This is not surprising
because after the first report by Omane ef al. (2012), the disease has been reported
in Aowin Suaman district (van der Puije et al. 2015) and also in the Sefwi-
Ahwiaso-Bekwai district (Essane, 2014). The widespread nature of the disease
could be attributed to the use of infected planting materials obtained from other
farmers, and in the wild as observed in Figure 4. Van der Puije et al. (2015)
observed tha the incidence and severity of the disease in the Aowin Suaman
igh in the rainy season than the dry season and this confirms the

district was h

responses made by the farmers on the period the disease occurs in their field.

Poor drainage that leads to stagnant water has been reported to be one of
e agronomic practices that make Phytophthora species successful as pathogens

th

(Drenth & Sendall, 2004). Phytophthora colocasiae produces motile zoospores

that are able to swim and infect nearby plants when released into stagnant water,

but in flowing water, the released zoospores or sporangia are easily washed away

before they could swim and get attached to a nearby plant (Brooks, 2005). That
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may account for the high incidence of the disease in marshy areas with stagnant
water than with flowing water as responded by the farmers.

Most of the farmers had their whole farm being attacked by the disease,
indicating the widespread nature of the disease. According to Brooks (2005), the
sporangia and zoospores of P. colocasiae is spread by rain splash and windblown
spray and that influences the spread of the disease among plants in a farm, but
long distance dispersal occurs by movement of planting materials as practiced by
some of the farmers in the study area. This may account for the spread of the
disease on the whole farm and on every farmer’s field. Van der Puije et al. (2015)
reported that the spread of the disease on farms in Ghana is aided by air sprays

and that account for the high incidence of the disease on farms.

The use of appropriate fungicides (metalaxyl, mancozeb and copper
oxychloride) has been reported to be effective in managing the disease (Adejumo,

1997). Though most of the farmers in the area did not attempt to control the

disease, few of them used chemicals and other cultural practices including

pruning. Among the chemicals used. majority were insecticides (Actellic

(PirimiphOS—methyl)’ Durban (Chlorpyrifos-ethyl), Akati master (Bifenthrin),

Karate (Lambda-Cyhalothrin), Carbodan, Conquer Super (Lambda-cyhalothrin),

Lambad (Lambda-cyha]othrin) , Poison and Sunpyrifos (Chlorpyrifos-ethyl))

rather than fungicides (F unguran-OH). This indicates that the wrong pesticide

were being used, making control ineffective. and contributing to the widespread

and persistent nature of the disease. Again, since these chemicals are ineffective,

the farmers are tempted to apply higher rates believing that higher dosages may

be effective but this rather leads to contamination of the environment and
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development of resistance. The level of education of the farmers may account for
the wrong usage of these chemicals since most are middle school or JHS leavers

and have not received any special training on pesticides use.

Pruning or rouging is one of the cultural practices employed by farmers in
the area though majority did not apply it. According to Singh et al. (2012)
pruning is highly effective in controlling the disease. The very few farmers who
practiced pruning do so as and when the disease appears, and this helps in
reducing the amount of inoculums on the field by improving air circulation that
reduces relative humidity on the field (Esiyok ef al., 1994), and consequently, the

disease. This could be the reason why majority of the farmers responded that

pruning was very effective.

Results of the field survey conducted in the Eastern region indicate a high

incidence of taro leaf blight disease in the 10 taro growing districts in both
0

seasons, though it was very high in the wet season than the dry season (Figures 14

and 15. Higher percentage and mean incidence represents a high presence of the

disease in the districts.

Differences in incidence exhibited between districts suggest that the
o
various locations influenced the disease in a unique manner which can be

attributed to micro-climatic factors such as vegetation, soil type and fertility

peculiar to each environment.

Environment has been recognized as one of the major factors that can

influence the process of an epidemic, having the capacity to induce or retard it

(Brooks, 2000; Chiejina and Ugwuja 2013; Van der Puije ez al, 2015). All the

surveyed districts fall within the same climatic zone and had similar weather
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parameters and therefore other factors which may include varietal differences
could have also played a role in the differences in the incidence recorded in the
those districts. Chiejina and Ugwuja (2013) reported of the interactive effect of

the different environments and varieties on the blight disease in Nigeria and th i
nd their

findings revealed that the disease is more variety dependent
Mehrotra and Aggarwal (2003) have attributed variations in disease
incidence from one location to another to differences in inoculums potential
ials

across these locations and also subject to the time of commencement of th
nt of the

epidemic in each site. They also reported that places where the disease starts first
irs

under favourable conditions produce higher inoculums and higher disea d
se an

vice versa. The first record of the TLBD in Ghana was reported by Om /
ane ef al.

2012) in the Eastern Region and the surveyed districts being Fanteakwa, N
, New

(

juabeng, and West Akim. Atiwa and East Akim districts. The disease inoculu
. ms

in these districts could have built up over the years and explain why these district
ricts

had high incidence of the disease.

Similar results were reported in the Aowin Suaman district in the Weste
m

region of Ghana by van der Puije et al. (2015) when ten communities wer
e

surveyed in the district to assess the incidence of the disease. Chiejina and
. an

Ugwuja (2013) too reported same in Nigeria, when they assessed the incidence of

Phytophthora leaf blight disease on two local varieties in Nsukka area (Ede

Oballa, Nsukka-Urban and Obukpa) in Nigeria. High incidences of 74.2, 86.0 and

77.2% were recorded in the three surveyed communities. Again, Misra (1993)

reported of @ high incidence of the disease in Southern India and reported of 94%

n from the 128 taro fields sampled for the disease in India in 1988. The

infectio
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high incidence of TLBD in the Eastern region in both seasons is indicative of how

widespread the disease is in the region.

The assessment of severity of the disease in the surveyed districts revealed

differences in severity in both seasons (Table 16). Most of the districts recorded

mean severity approximation of 2 in the wet season, indicating that 8-25% of their

leaf area was damaged. Only one district (Yilo Krobo) recorded that level of

severity in the dry season, whilst the others recorded lower mean severity of |

representing, 1-7% of leaf area damaged. The severity of the disease has been

reported to be influenced by temperature and relative humidity (Brooks, 2000)

The TLB disease is observed to be severe in areas having high relative humidity

and frequent rainfall, whereas warmer areas having little rainfall and relati
ive

humidity aré comparatively free from the disease. Disease development has been

identified to be favoured by a high relative humidity (90%-100%) and a high

temperature (150C-350C) with 28°C as optimum (Brooks, 2005). Misra er al

(2008) reported that, the disease becomes severe when night and day temperatures

ranged between 20 °C -22 Oc and 25°C -28°C, respectively, with a relative

o, during the day and 100% at night and accompanied by overcast

humidity of 65

eather. During the survey in the wet season, the average temperature

icts was 22 Oc with a relative humidity of 85%. However

rainy W

recorded in the ten distr
the average temperature recorded was 25 OC with a relative

in the dry seasomn.

humidity of 55%. This could explain why the severity was higher in most of the

surveyed districts in the wet season than in the dry season. It is evident from the

BD is a major problem in the study area and farmers have little

research that TL
knowledge of the disease and its management.
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CHAPTER FOUR
CHARAC
TERIZATION OF PHYTOPHTHORA SPP ISOLATED FRO
i M

DISEASED TARO PLANTS FROM EASTERN REGION

INTRODUCTION

Phytophthora species infect different types of economically i
| . y important
crops including vegetables, fruits, ornamental crops, and forest t (E
o R rees. (Erwin and
Ribeiro, 1996). They cause a lot of damage to these crops which lead
eads to yield
loss worth millions of dollars (Waw
ra et al., 2012; Misra, 199
s ; , 6). Over 100 speci
pecies

have been isolated and identified fi
rom these plants (Kroo
n et al., 2012). Most

Phytophthora species are hosts specific but some cause di
iseases on a wid
er

variety of plants (Cline et al., 2008). P. colocasiae has been reported
ed to infect

only colocasiae species whereas P. nicotianae infects close to 255
genera in 90

families (Brooks, 2005; Cline et al. 2008).

Pp. colocasiae Causes leaf blight di i
: ght disease in taro and has b
as been reported
to

limit taro production throughout Africa including G
g Ghana (Jackson, 19
, 1999; Omane

/., 2012; Ackah et al., 2014 & van der Puije et al., 2015) Yield lo
. sses may

er severe blight conditions and susceptible taro cultivars
can

el a

reach 50 tO 60% und

be destroyed completely (Brooks, 2005).

Besides P. colocasiae, other species of Phytophthora, viz., P
, viz., P. araceae, P.

pa[nn'vora, P parasilica, and P. I’IiC'Otiar}g have been re .
ported to infect t
aro

o been reports of different strains of P. colocasia
. e

(Ackah, 2013). There have als
ease in different localities (Adomako e al., 2016). Th
" The

responsible for the dis

ation of the causal organism is an important step toward
ards

correct identific
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successful management of the disease. The objective of this chapter is to

characterize the isolates of TLBD from ten districts of the Eastern region using

morphological methods.

MATERIALS AND METHODS

Location and Experimental Site

During the field survey to assess the incidence and severity, infected

leaves were taken from each of the three farms surveyed in each district for

isolation of the microorganism associated with it. The pathogen was isolated

according to the protocol used by Ackah (2013), using carrot agar (CA) media

and sub-cultured onto potato dextrose agar (PDA) which was prepared as

described in next section. The experiment was conducted at the Plant Pathology

Laboratory of the Department of Crop Science, University of Cape Coast, Ghana.

Preparation of Carrot Agar medium

Fresh carrot was obtained from the science market of the University of

Cape Coast and two hundred and fifty grams (250 g) of the fresh carrot was

weighed using an OHAUS Precision plus electronic weighing balance. They were
then cut into pieces and boiled with 500 ml of distilled water for 20 minutes. They
were blended with a Mitsui electronic blender for two minutes after which it was
mixed with 500 ml of distilled water and strained with a sieve into a | litre
g cylinder. Two grams (2 &) of streptomycin and 15 g of agar powder

measurin
act in the measuring cylinder and topped with distilled

added to the extr

were
e mark and the content was stirred thoroughly for 10 minutes

water to the | litr
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using a magnetic stirrer. The flask and its content were then autoclaved at 120 °C
for 20 min and at 20 p.s.i ( l.4kgcm'2). The carrot agar medium was allowed to

0 .
cool to 50 °C and then poured into 9 cm Petri dishes in a laminar flow unit for the

isolation process.

Preparation of Potato Dextrose Agar (PDA) Media

The PDA was prepared according to the method proposed by Mishra ef

al., (1996). Two hundred and fifty grams (250 g) of pealed Irish potatoes was cut

into pieces and boiled with 500 ml of water for 20 minutes. The water that wa
: s

used to boil the potatoes was then strained using a strainer and then poured int
oa

1 litre Erlenmeyer flask. Twenty (20 g) of agar powder and 20 g of dextrose were

weighed using an electronic balance and then added to the potato extract in th
€

flask. It was then topped with distilled water to the 1 litre (1000 ml) mark of the

flask and mixed thoroughly with a magnetic stirrer for 10 minutes. The flask and

its content were autoclaved at 120 °C and 20 psi for 20 min.

Isolation of Microorganism Associated with Infected Leaves

A leaf segment of 1 cm x 1 cm was cut from the lesion margin on infected

aves. The Jeaf segments were surface sterilized in 5% bleach for 5 min, washed

h sterile distilled water, dried and then plated on carrot agar

le

three times wit

ne (9) centimetres Petri dishes. Two Petri dishes

amended with streptomycin in ni

re used for each leaf sample with four (4) leaf segments placed in each plate.

the diseased tissue were inc

we
ubated at 28°C in an incubator. Fungal

The plates with
growth from the plated disease tissues were sub-cultured onto freshly prepared
PDA in 2 nine centimetres Petri dish using mycelial plugs. Sub-culturing was
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C n n . I

laminar flow unit.

Preparation of Inoculums

Spore suspension was prepared from 14 days old culture of a P

colocasiae isolate, by flooding the surface of the growing colonies in a Petri dish
etri dis

with 5 ml sterile distilled water and dislodging the zoospores with 1l
a sma

sterilised brush. The supernatant was filtered through a 2 layered sterile li
muslin

cheesed cloth. A drop of spore suspension was placed on the haemocytomet
ometer

chamber, covered with a slide and the number of spores per ml estimated
ed as an

average of the spores counted in 10 standard heamocytometer fields (Charl
arles ef

al., 2016). The number of spores per ml was calculated using the formula adopted
opte

from Duncan and Torrance (1992).

S= NV

Where
g = Number of spores per millilitre

N = Mean number of spores in 10 large squares counted

V=1ml =1000 mm’

v = volume of sporé suspension under glass cover.

A spore suspension (inoculum) was adjusted with the aid of haemocytometer to
3x]104 spores ml"! of distilled water. The inocula were put in a refrigerator at a

temperature of 4°C for 30 minutes to stimulate liberation of zoospores. The

of sterilized distilled water.

control was made up of 20 ml
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Characterization of Isolates of P. colocasiae

Freshly prepared PDA was poured into a 9 cm Petri dish and allowed to

solidify. A 1 cm-disc of each pure culture of an isolate was transferred onto the

medium, incubated at 28°C and then observed for growth. The isolates from the

different districts were characterized based on their morphology (culture and

sporangia characteristics) using methods described by Gallegly & Hong (2008).

The mycelial growths of all the isolates from the various districts were compared

as well as the sporangia. Data were collected on culture characteristics (colony

colour from surface and reverse colour, texture, shape, growth rate, and size) and

microscopic characteristic (shape of sporangia, size (length and width), papillate,

colour, and pedicel length) using a compound microscope with eye piece ocular

and stage micrometer. Radial growth was measured each day with a ruler for each

isolate until the plate was completely covered.

Pathogenicity Testing of P- colocasiae Isolate

The detached leaf method was used to perform this experiment. The

second youngest leaves of a jocal susceptible taro variety established at the MoFA

farms at Asuansi were detached and taken to the Plant pathology laboratory of the

Department of Crop Science for this experiment (Figure 38 A). Leaf segments of

5 x 5 cm were cut from the leaf (Figure 38 B). Three segments were cut for each

ent was inoculated with a drop of an isolate from a two weeks

isolate. Each segm

Id P colocasiae culture with a suspension of 50-70 sporangia in the middle. The
old P.

on was prepared by flooding the Petri dish containing the two week old
suspensl
f each isolate with 10 ml of distilled water for 12 hrs. The

P. colocasiae culture 0
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inoculated leaf
segments were arranged in a transparent 40
container with a gl o
glass of water kept in it to increase the relative humi
I | e humidity (Figure
. The containers were then
covered (Figure 38 E
) and ke
room temperature. Th i -
e setup was monitored daily for symptoms d
s development.

Reisolation was also d
o done from the symptoms developed on the leaf
at segments to

confirm the pathogenicity of the organism

" of the detached leaf ex i
periment A-Le
d, B-C ; : aves of th i
o WEL liaf dcrhscs arranged in a container é_iccci‘sm.o o
owed) OI})) T?; water containing a ,SuSpeza' discs
. D-The setup of the leaf disc exp?g; of
ent

_The setup covered

Figure 38: et-up
collected from the fiel
inoculated 1in the mid
Phytophthord colocasiae
arranged on 2 benched, D
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Determination of the Effects of Temperature on the Growth of Phytophthora

colocasiae

This experiment was performed using methods described by Tyson and
Fullerton (2015). Petri dishes of potato dextrose agar (PDA) were inoculated with

3 mm mycelial plugs taken from 2-day-old actively growing cultures of P.

colocasiae (five plates per temperature). The PDA plates were incubated at 15

20, 25, 30 and 35°C in incubators and mycelial growth assessed after 3, 4 and 5

days. Colony diameters were measured in two directions (random and at right
o

angles) and adjusted for the diameter of the plug. Measurements were taken each

day for a 5 day period. Completely randomised design was used for this

experiment.

Data analyses

Results were analyzed using Analysis of Variance (ANOVA) with

GenStat Discovery 12. Where there were significant differences, differences
between means of individual treatments were determined using Fisher’s protected

Least Significant Difference test (LSD, P=0.05).
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RESULTS

'
Morphological Characteristics of P. colocasiac Isolates from Ten Districts in

the Eastern Region of Ghana
All the P. colocasiae isolates had a whitish colony as observed from the

surface (Figure 39 B) and from reverse with floccose or cottony texture and a

regular margin (Table 2).

Table 2. Colony characteristics of isolates of Phythophthora colocasiae on PDA

at 25°C for 7 days
Isolate Colour Reverse Texture Margin
colour

Akim Central white white cottony regular
Asuogyaman white white cottony regular
Fanteakwa white white cottony regular
Kwahu South white white cottony regular
Kwahu West white white cottony regular
New Juabeng white white cottony regular
Suhum/Kraboa/Co white white cottony regular
altar

Yilo Krobo white white cottony regular
East Akim white white cottony regular
Atiwa white white cottony regular
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It was observed that the colony colour of all the isolates (Akim Central,
Asuogyaman, Fanteakwa, Kwawu South, Kwawu West, New Juabeng,
Suhum/Kraboa/Coaltar, Yilo Krobo, East Akim and Atiwa) was white both on the

surface and reverse with fluffy or cottony texture and a regular margin (Table 2).

Figure 39. A- Micrograph of a U{lifonn mycelium of an isolate, B-A 7 day old
culture of P. colocasiae on a growing media (PDA) at 25° C.

In Table 3 are presented the microscopic characteristics of the ten isolates. It was

observed that all the isolates had mycelia that were uniform, smooth walled,

hyaline and aseptate (Figure 39 A). Seven isolates (from Akim Central,

Fanteakwa, New Juabeng, Suhum/Kraboa/Coaltar, Atiwa and Kwahu South) had

sporangia shapes that were ellipsoid and three (from East Akim, Kwahu West,

and Asuogyaman) were ovoid in shape as shown in Figure 43. Also five isolates

(from Akim Central, Kwahu South, Suhum/Kraboa/Coaltar, East Akim and

Atiwa) had an apical plug observed as semi papillate and five isolates were non
Fanteakwa, Kwahu West, New Juabeng and Yilo Krobo).

papillate (Asuogyaman,
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Table 3. Morphological characteristics of isolates of Phythophthora colocasiae
from 10 districts in the Eastern Region of Ghana

Isolates Mycelium Sporangial Morphology
Morphology
Shape Apical plug (Papillate)

Akim Central Uniform Elipsoid  semi papillate
Asuogyaman Uniform Ovoid non papillate
Fanteakwa Uniform Elipsoid  non papillate
Kwahu South Uniform Elipsoid ~ Semi papillate
Kwahu West Uniform Ovoid non papillate
New Juabeng Uniform Elipsoid  non papillate
Suhum/Kraboa/C ~ Uniform Elipsoid  semi papillate
oaltar

Yilo Krobo Uniform Ellipsoid  non papillate
East Akim Uniform Ovoid semi papillate
Afiwa Uniform Elipsoid  semi papillate

Lsd ¢ s = 9.70

Sporangia Length (pm)

Districts from which Isolates were collected

Fieure 40 Sporangia length of 7. colocasiae isolates from ten districts in the
igu .

Eastern region.
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In Figure 40 are presented the average length of the sporangia of the
isolates from the ten destricts. The average length ranges from 36 pm to 61.67
um. The isolate from the Suhum/Kraboa/Coaltar district had the highest average
sporangia length of 61 .67 um and was not significantly different (P<0.05) from
the isolates from New Juabeng (59 pm) and Fanteakwa (55 pm) districts, but was
however significantly longer than all the other isolates. The Kwahu West isolate
with a length of 50.33 pm was also not significantly different from that of
Asuogyaman (50 um) which was also not significantly different from the isolate
from Yilo Krobo (47.33 pm), Atiwa (47 pm) and East Akim (43.33 pm). The
isolate from Kwahu South had the lowest sporangia length of 36 pm and was not

significantly longer than the isolate from Akim Central (38.33 pm) and East

though was significantly shorter than the other isolates.
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The average width of the sporangia of the various P. colocasiae isolates
from the ten districts ranges between 20 pm to 28 pm (Figure 41). There was no
significant (P< 0.05) difference between isolates from New Juabeng (28 pm),
Suhum/Kraboa/Coaltar (26.33 pm), Fanteakwa (25.67 pm), Atiwa (25 pm),
Asuogyaman (24.33 um) and Kwawu West (22.67 um). The isolate from New
Juabeng however had a wider sporangia than the isolates from Yilo Krobo (22
pm) , East Akim (20.67 um), Akim Central (20 pm) and Kwahu South (20 pm).

Again the isolate from Kwawu South and Akim Central were also not

significantly different from the isolates from East Akim, Yilo Krobo, Kwawu

West, Asuogyaman and Atiwa.
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Figure 42. pedicel length of sporangia of P.colocasiae isolates from ten

districts
Figure 42 shows the average length of the pedicels of sporangia of the

1 the districts. From the figure the pedicel length ranges from 3.667

isolates fron

pm to 12.333 pm. [solates from Fanteakwa (12 pm), Kwawu West (12.33 um)
hum/Kraboa/Coa]tar (10 pm) were not significantly different in length

it were significantly longer than all the other isolates

and Su

from each other (P<0.05) bt
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except the isolate from Suhum/Kraboa/Coaltar which was also not significantly
different from isolates from Kwahu South (6.333 pm), Akim Central (6 um), and
New Juabeng (5.667 pm). The shortest average lenght of 3.667 um which was
measured for the isolate from East Akim was not significantly different from that
measured for the isolate from Atiwa (4.667 um), New Juabeng (5.667 pm), Akim
Central (6 um) and Kwahu South (6.33 pm. The pedicel length of the isolate from
Yilo Krobo (7.667 pm) was also not significantly different from that for

Suhum/Kraboa/Coaltar (10 pm) but different from the isolates from Kwahu West

and Fanteakwa districts.

angia of different isolates of P. colocasiae (A-Akim Central
C-Fanteakwa, D-Kwawu West, E-New Juabeng, ’
oaltar, G-Yilo Krobo,H- East Akim), H= Sporangi
from literature (Brooks, 2005). porangia of

Figure 43. Spor
B-Asuogyaman,
F-Suhum/Kr aboa/C
Phythophthom colocasiae
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ony diameter (cm) of Phytophthora colocasiae isolates from

Figure 44. Mean col
ated for two days on potato dextrose agar at 28°C

the 10 districts incub

The mean colony diameter of P. colocasiae isolates from the ten districts

in the Eastern region grown on a potato dextrose agar for 2 days at 28°C
are

shown in Figure 44. The isolate from the Suhum/Kraboa/Coaltar district had the

largest mean colony diameter (6.925 cm) and was significantly longer (P<0.05)
i= .

than the isolates from the other districts. The mean diameter of the colony from

isolate from AKim Central (6.050 cm) was not significantly different from that
from Fanteakwa (5.700 cm), which was also not different from that of New

juabeng (5-175 cm). The isolate from Yilo Krobo (3.900 cm) was however not

significantly different from that of Kwahu South (3.550 cm) and Atiwa (3.350

cm), but was different from the other isolates. The lowest mean colony diameter

was recorded for the isolate from Kwahu West (2.375 cm). This was not
isolates from East Akim (3.050 cm) and

Signiﬁcantly different from the

Asuogyaman (3.075 cm) districts.
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Figure 45.‘ Mean .colony diameters (cm) of Phytophthora colocasiae isol
days after inoculations on potato dextrose agar at 28°C ReRates =

On Day 3 as shown in Figure 45, the mean colony diameter recorded fi
or

the isolates from New Juabeng (9.000 cm), Fanteakwa (8.950 )
. . cm),

Suhum/Kraboa/Coaltar (8.925 cm). Yilo Krobo (8.925 cm) and Asuo
. gyaman
(8.463 cm) were not significantly different from each other. These isolates we
) NCIe
however significantly different from those collected from Kwahu South (8.175

cm), Akim Central (8.000 cm), East Akim (7.850 cm) and Kwahu West (7.812
cm), except that from Asuogyaman. The isolate from the Atiwa district recorded

the shortest mean colony diameter (7.075 cm) and was also significantly different

from all the other isolates.
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1 colony diameters (cm) of Phytophthora colocasiae isolates 4

Figure 46. Mea
tato dextrose agar at 28°C.

days after inoculations on po

From Figure 46, there was no significant difference in the mean colony

diameter for eight of the isolates (Akim Central. Asuogyaman Fanteakwa

Kwawu South, Kwawu West, New Juabeng. Suhum/Kraboa/Coaltar and Yilo

Krobo) which all had a mean colony diameter of 9.000 cm. But they were

however significantly different from the isolates from East Akim (8.250 cm) and

Atiwa (7.600 cm), which were also significantly different from each other.

pathogenicity Test of P. colocasiae Isolates

Figure 48 shows the results of the Pathogenicity test three days after

- hoculation at 25 oc. Water droplets could be observed in the container as well as

brown lesions which had developed at the point of inoculation on the leaf disc and
had grown rapidly with a red-brown water droplet oozing it. The organism re-
milar morphologically to the one used for the inoculation.

isolated was also sit
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al growth of three isolates of P. colocasae on PDA

cec

Figure 47. Radial myceli
incubated at room temperature (27-300C) for thr

Ere

days.

e

ed on taro leaf segments during the Pathogenicity test

8. Lesion develop

Figure 4
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The mean colony di
y diameters of P. colocasiae isolates at different

was ° i
no growth at 35°C. The highest growth (3.68 cm) was recorded at 25 C
at 25°C but

was not significantly different (P<0.05) fi
. rom the growth at 30°C (3
.640 cm). The

rowths
g under these two temperatures were significantly different from all h
all the

others. Day four and five also recorded similar results with no growth
at 35°C.

The temperature at 25°C and 30°C i
resulted in the fastest col
ony growth which

was significantly different from the other temperatures

Table 4. Mean colony diameters (cm) of Phytophthora colocasiae grow
n on potato

dextrose agar for 3, 4 or 5 days at different temperatures.
Mean Colony Diameter (cm)

Days —sc____ 20°C 25°C 30°C 35°C
3 1.520 ¢ 5680b  3.680a 3.640 a 0.000d
4 1.960 ¢ 3.420b 4.640 a 4500 a 0.000d
5 2.380¢ 4.040b 5.400a 5320 a 0.000d
*Means with the same jetter in each column are not significantly

different (LSD, P<0.05)

Colony diameter increases With time (days) and also at different temperat
ratures

50C tO 30°C. Growth was highest 25°C in all the days followed by 30°C. A
. At

from 1

35°C there was no growth at all.
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DISCUSSIONS

| The pathogen isolated from the leaf tissues of taro from all the ten distri

in the Eastern region, when cultured on PDA at 25°C appeared whitish on :as

the surface and reverse. The mycelia of all were hyaline and uniform :th

observed under a compound microscope. The sporangia shape varied\: .
rom

(non papillate) All the is
. olates easily shed i
their sporangi
gia from the

sporangiophores (caduceus) Typi
Typically, P. colocasiae i
is characterized b
y the

production of ovoid, ellipsoid, or fusiform, semi-papillate sporangi
rangia that are

caduceus and ranges in length from 45 to 75
g um x 25 to 37 pm, wi
um, with a medium

pedicel length of about 12 pm long, where 1
) ess than 5 pum is consi
sidered short, 5-

20 pm is medium and greatter than 20 pm i i
um is considered lon
g (Gallegly, & Hon
° g

2008 and Brooks 2005). This indicates that, th
, though the isolates fro
m the various

districts are identified as p. colocasiae, th ;
. , they exhibit differe i
nces in length and

width of their sporangia and the pedicel length and therefore of diffe
rent strains.

The results from the mean colony diameter of the isolates fi h
rom the ten

districts reveal differences in growth by the various i
ous isolates when i
ncubated under

oC) for four days. The difference in growth indicates th
s the

the same temperature (28

differences in strains of the isolates and how virulent
some of the strain
s could be

when provided with the right condition. Almost all the isolates had I
completely

9 cm petri dish on the fourth day of culture, suggesting that th
& ey

covered the
disease quickly. Virulent strains have been reported t
cda 1o

could be virulent and cause€

han avirulent ones (Brooks, 2005).

cause more disease t
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The fact that all th i
e leaf discs showed
symptoms of TLBD th
ree days after

the districts are t
he causal agents for the disease in these districts. Th
s. The symptom
s

were similar to th
ose found on the leaves in the field. This descripti
. iption is the same

a
s observed by others (Ackah et al., 2015 & Brooks, 2005). Th
, . The morphological

description reve
p als that the pathogen causing the leaf blight disease i
g ase in all the ten

districts was P. colocasiae.

The stud
y has shown that temperature has a strong influence h
on the growth

of P. colocasiae. The patho
X gen grew on the PDA medi
ia over the temperatu
re

range 15—30°C. Optimum growth was
recorded within the
range 25-30°C. The

highest growth was observed at 25°C
. Growth however
was not recorded at 3
5°C.

This confirms findings by Tyson and Fullerton (2015) when th
n they studied the

effect of different temperatures on the growth of P. colocasi
. ae on agar media a
nd

leaf disc. They found out that P colocasia
e grew on agar media
and leaf discs

over a temperature range of 15-30°C with 25°C being the opti
mum.

Based on the findings, it is evident that though P. colocasiae i
. siae is the cause

of the leaf blight disease of taro in the Eastern Region, the diffe
s rences is strains
cts needs to be considered
when mana
gement strategie
S

from the different distri

are being developed-
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CHAPTER FIVE
COLLECTION AND EVALUATION OF TARO GERMPLASM FOR

RESISTANCE OR TOLERANCE TO TARO LEAF BLIGHT DISEASE

INTRODUCTION

Several control measures including exclusion, sanitation the use of
) e 0

l'CSiStant Varieties fungiCideS and Cultural plac i 1
s tices ( Ouging and S])a(:.n
1 g) have

been suggested for the management of TLBD (Misra et al, 2008; Ackah
’ ; Ackah et al.,

2014). The use of ecological approaches such as the removal of infected 1
eaves

(rouging) could lead to complete defoliation of th i
e crop with consequen
t effects

on yield (Adams, 1999). All these management practices including th
g the use of

fungicides have peen reported 1o be ineffective because of fi
inancial

considerations and labour demands.

The use of resistant cultivars represents the only sustainable soluti
ution to

taro leaf blight in most production systems ( Omane ef al., 2009; Anon., 1998)
? s . . [n

Ghana there is the need t0 evaluate the existing taro germplasm for resist
ance to

TLB. Breeding programs in India, Papua New Guinea, Vanuatu and Ameri
rican

Samoa have crossed TLBD resistant cultivars from other areas of the world with
i

commercial cultivars in those countries after a nationwide germplasm collecti
ion

| et al, 2002; Seetohul e! al., 2007). It is now established that these

M (+] I s 1S

countries have
inadequate knowledge about TLBD resistance of Ghanaian cultivars and other

n the Plant Genetic Resource Institute’s plant museum

cultivars maintained i
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The objecti : .
objective of this phase of the project was to collect and evaluate t
aro

erm i : .
germplasm In Ghana together with some imported varieties against the taro 1 f
ro lea

blight disease for effective management of TLBD

MATERIAL AND METHODS

In the quest to obtain a resistant cultivar, germplasm collections were d
re done

in five taro growing regions in the country and then established. These a i
. ccessions

were screened t0 determine their level of resistance or susceptibility using th
ing the

detached-leaf disc bioassay at the Plant Pathology Laboratory of the University of
sity o

Cape Coast as explained in Chapter 4.

Germplasm Collection and Establishment

The germplasm collection was done from 2014 to 2015 in all five t
e taro

growing regions in Ghana (Figure 49). The entire taro growing districts in each
c

n was visited. One hundred and thirty five (135) accessions were collected

163 from the Western region, 96 from Ashanti region

regio

from the Central region,
m Brong Ahafo region.

119 from Eastern region and 26 fro

e for Gemplasm Establishment

Location of Sit
essions Were established on a field at the Asuansi Farm

All the 135 taro acc

stry of Food and Agriculture (MoFA), which is located in the

stitute of the Mini

(Figure 50). The
production Five of each accession was established in a

In
area is a forest transition zone with swampy land

Central region

of Imx1m petween and within rows. This was to multiply
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the accessions for the next phase of the project (evaluation for resistance). A

passport form (Appendix 2) was used for the collection.

Upper East

Brong-Ahafo

Greater
Accra

Figure 49: Regions of Ghana where the accessions were collected (marked).

n field for taro accessions at Asuansi in the Central

A multiplicatio

Figure 50
Region
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Pruning of Infected Leaves on the Field

Six weeks afte
rt i

he establishment of all the accessions on the field

were visible signs i e
gns of the taro leaf blight disease on some of th
e accessi
select some of t i -
he accessions for the next phase of the experi

riment, prunin

, g was

dOl‘Ie on the eich i cre \Y
g y t mo a‘ Of

all the leaves usi i g Four w e
sing a sharp knife to allow for regeneration. Fo
| . Four weeks after th
pruning, 20 ac i
cessions were selected out of the 135 based on thei
eir reaction to th
e

disease and se
nt to the laboratory to screen for P. colocasiae resi
esistance usin
g the

for field evaluation.

Evaluation of Accessions against the Leaf Blight Disease of T
of Taro

The accessions were evaluated both i
in the laborato
ry and on the field
to

determine their reaction t0 TLBD. The leaf di
. isc assay method descri
]bed by Tyson

and Fullerton (2015) was used to screen the accessions in the lab
oratory while the

field screening Was done using guidelines proposed by Singh et al. (200
. (2001).

r determining resistance of
taro to Ph
ytophthora

Detached-leaf assay fo
colocasiae
The detached [eaf assay Was used to sc
reen accessions fi
rom the

site at Asuansi in the Central region as i
explained in th i
e previous

multiplication
was later established on the field at Bososo in th
in the

section and the accessions that

Eastern region of Ghana.
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Evaluation of Local Accessions from the Multiplication Field (Asuansi)

The fifteen taro accessions (WR0005, CR0036, ER0063, AS0062,
CSRI0004, CR0091, ER0045, AS0020, AS0060, CR0015, CR0001, WR0096,
CSIR0003, WR0025, CR0036) selected after pruning were screened against P.
colocasiae infection, using detached-leaf method .The second youngest‘ leaf of

each of the taro accessions were selected for this in vitro experiment. The selected

leaves were clean from any infections. Four leaf segments of 5 x 5 cm were cut
cu

from each leaf. Each leaf segment was inoculated in the middle, with a drop of
’ a

P. colocasiae isolate (Fanteakwa) suspension containing 50-70 sporangia as

described earlier for the Pathogenicity test. The isolate (Fanteakwa) was selected

from among the ten described in the earlier chapter (Chapter 4), after it was

identified to be more virulent. The suspension was prepared by flooding the Petri

dish containing the two week old P. colocasiae culture of each isolate, with 10 ml

of distilled water for 12 hrs. Control leaf segments were inoculated with a drop of

distilled water. The inoculated leaf segments were arranged in a transparent 40 x

25 cm plastic container with 2 glass of water kept in each to increase the relative

humidity as shown in Figure 18. The containers were then covered and kept under

room temperature.

y on lesion development and the mean lesion

Data was collected dail

diameter for seven days, starting a day after inoculation. Lesion diameter was

measured using a 30 cm length rule.
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Evaluation of Accessions on the Field for Resistance

Accessions Selection

Based on the results of the detached leaf assay performed on the 15 local
ca

accessions as described in the previous section, 4 accessions (AS0060, ER0063

WRO0005) were selected and 17 exotic genotypes (GA/TLBD/0001

CSR100004,

GA/TLBD/0002, GA/TLBD/0003,GA/TLBD/0006, GA/TLBD/0007,
GA/TLBD/0008,  GA/TLBD/0009, GA/TLBD/0010, ~ GA/TLBD/0011,
GA/TLBD/0012,  GA/TLBD/0013, GA/TLBD/0014,  GA/TLBD/0015,

GA/TLBD/0016, GA/TLBD/0018, GA/TLBD/0020, GA/TLBD/0021) imported

by the Plant Genetic Resource Research Institute from Vanuatu and other Pacifi
ific

countries were used for this study. A total of 21 accessions were thereft
efore

evaluated for field resistance against T LBD.

Location of F ield

The field study was carried out at Bososo (lat. 06° 17 N, long, 01°01° W,
213 m above €2 level) in the Fanteakwa District of the Eastern region of Ghana
o January 2017. The location was selected based on a high

from March 2016 t
ase incidence in the di

s forest zon¢ of Ghana with the soil type Nta series

record of dis€ strict (Fanteakwa) during the survey. Bososo

lies in the semi-deciduou

nsol) (GoG, 2018). The study area is characterized by a bimodal

(FAO: Gleyic Are
rainfall pattern- The major s€ason starts in March and ends in July, while the

een September and mid-November.

inor season is betw
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Experimental Design and Field Layout

complete i i icati
p block design with three replications. Each accession was planted i
ed in a

ro i i ithi
w with a distance of 1 m within the row and 1 m between the rows o h ol
n each plot.

A total number of 10 plants of each accession were planted in each row. The trial
. The tria

was performed under natural field conditions. All the recommended practices ft
ractices for

taro cultivation were followed for raisi
sing a good crop exce
pt plant protection and

fertilizer application. The site was hand weeded to minimize phytotoxicity th
xicity that

might arise as a result of using herbicides. Data collected started one month aft
onth after

planting on lesion diameter. The lesions were mea i
sured in two directi i
rections using a

rule. Five measurements were made for each accession

Morphological Characterisation

The morphological characterization of the accessions was done using pl
ing plant

ors proposed by IPGRI (1999). The parameters examined were Leaf
a

wdulate Sinuate, other), Leaf blade margin colou
r —

descript

Blade Margin -LBM (Ut

LBMC (yello, yellow green, greeit other), Leaf shape-LS (Narrow or Broad)
Leaf Colour-LC (Green, light green, dark green), leaf surface —LS (smooth

Horizontal, Cup-Shaped), vein colour -VC (light

wrinkle), Leaf Position—LP (

cen, red, greem dark green) petiole colour —PC (whitish, dark green, purple

light green: dull red, plack purple), flowering

und Cylindrical),
pink) and yield. The average of five measurements per

gr
—F (frequent rare Corm Shape —CS

(Conical Ro Corm skin colour-CSC (Brown Purple Blackish))

Flesh Colour—FC (White,
n was recorded. All the observations were made at the

individual access1o
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maxi i
imum vegetative growth stage (90 days after planting) as proposed by IPGRI

(1999).

ns on the Field at Bososo

Figure 51: Taro Accessio

nce of Corm Rot among the Taro Accessions

Assessment of the Incide

The percentage corm rot was determined by counting the number of
er o

harvested corms that were rotten and then expressed as a percentage of total
of tota

number of harvested corms. Percentage incidence was calculated using th
g the

formular below:

Infected plants
. L3 1 = X
Diseas¢ incidenc€ = Total Number of plants 100

ata on harvested taro planfs, ted
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Determination of Corm Yield

Five plants of each accession were harvested and data on the weight
length and the diameter of the corm was measured and the mean values

determined. Corm weight was determined using top pan balance (brand, country

of origin), whereas corm diameter and length were measured using metre rule

Isolation and Identification of Causal Organism of Corm Rot

The partially rotten corms were collected at harvest and the fungal

organism responsible for the rot was isolated and identified at the laboratory. The

isolation was conducted at the Plant Pathology Laboratory of the Department of

Crop Science, University of Cape Coast, Ghana. Corms that were showing rot

symptoms Were selected and washed with tap water to get rid of all soil particles.

were then surface sterilized with 5% bleach for 5 min, washed three

The corms

times with sterile distilled water, and air dried. Each treated corm was kept in a
: 0
tight transparent polythene bag and incubated at 25 °C for three days to induce

ngal pathogen was then sub cultured on PDA prepared as

mycelial growth. The fu

described in Chapter 4.

Statistical Analysis

The data for the mean lesion diameter were subjected to analysis of

riance (ANOVA) using GenStat 12" edition. Treatment means were separated
va

otected least signiﬁcant difference and at statistical significance

using Fisher's Pr
ercentage rot of the corm and frequency of distribution of the

of 95% level. P
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gl g

Microsoft excel 2007.

Tl Eal s
\ e,

showing rot symptom, B-D, corm in a tr g
ansparent

Figure 53. A-C, Co
polythene bag

Resistance Ranking
A modiﬁed relative resistance rankin
g based on lesion di
iameter by Brooks

. t

(2008) was used to grov

estimates that if lesion gizes are

> 50 mm = Highly Susceptible,
41-50 mm:Susceptible,
_Moderately

31-40 mm=
—Tolerant, ant

21-30 mm
<20 mm= Resistant.

Susceptible,
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RESULTS

Detached Leaf Assay for Determini i
ealocishie ing Resistance of Taro to Phytophthora

Figure 54 shows the pictorial evidence of symptom development on the

leaf discs of some accessions on the third (A) and seventh day (B) after

inoculation. Discs in each row are from the same accession. It can be observed

sions as shown on the leaf discs.

that the lesion sizes differ on acces

£ some accessions showing symptoms (arrowed) of

three days after inoculation, B- seven days after inoculation

Figure 54. Leaf segments O

TLB disease, A-

Table 5 presents the mean lesion diameter of some selected local

accessions after the in vitro leaf disc experiment. It can be observed that the

n size (21.80 mm) W

cantly different from lesion sizes on AS0062 (23.55 mm), CSR1004 (26.75

lowest lesio as recorded on accession AS006. This was not
signifi

size (43.25 mm) and was signi

(28.35 mm). Accession CRO0001 had the highest mean lesion

ficantly different from the other accessions except

ns CR0091 (39.36 mm). Only 1 accession (CR0001) was identified to be

accessio
091, CR0036, WRO00

g (CRO 96, ER0045, AS0009, CR0015, WR0025

susceptiblés
susceptible and 6 were tolerant (AS0060, AS0062

and AS0020) were moderately
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CSRI10004

, WR0005, ER0063 and CSIR0003). Four of the tolerant accessions

ASO

( 060, CSRI0004, WRO0005, and ER0063) as indicated in Table 7 we
re

select ) o
ed to be added to the exotic varieties for field evaluation for resist
ance.

Table 5: Mean Lesion Diameter on Leaf Disc of Local Taro Accession established
ishe

at Asuansi
Accessions Mean Lesion Resistance
Diameter (mm)
CR0001 43.25 S
CR0091 39.35 MS
CR0036 35.45 MS
WR0096 35.15 MS
ER0045 34.00 MS
AS0009 32.50 MS
CROO15 31.95 MS
WR0025 31.55 MS
AS0020 30.90 MS
CSIR0003 29.25 T
ER0063* 28.70 T
WR0005 * 28.35 T
CSR10004* 26.75 T
AS0062 23.55 T
AS0060* 21.80 T
L.S.D. = 6.59
S.E.D= 3.35

olumn are significantly differe

. nt at P <O0.
ted local accessions for field evaluation) (&)35
Tolerant and R-Resistant -

with different Jetters in @ €
d * are the selec

marke
MS-Moderately Susceptible, T-

Values
(Accessions
Susceptible
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Table 6 r
represents the results of the detached leaf disc assay perf
rformed on

ed

I I . .

(P>0.05) from that of accessi
ions GA/TLBD/0003 (12.85
.85 mm), GA/TLBD/0002

14.4 [ 7.9 T
(14.45 mm) and GA/TLBD/0011 (17.95 mm). he highest mean diamete
r was

recorded for accession GA/TLBD/0009 (3835 mm), but
) was also not

significantly different from accessions GA/TLBD/0014 (35.35 )
.35 mm), WRO0005
(34.50 mm), GA/TLBD/0001 (33.55 mm), ER0063 (33.35 mm), CSRI00
* ) 004

(33.05 mm), GA/TLBD/0021 (32.75 mm) and AS0060 (32.20 mm)

It could also be observed from the table that 9 accessions (GA/TLBD/
0009,

GA/TLBD/0014, WR0005,  GA/TLBD/0001,  ER0063,  CSRI
: 0004,

GA/TLBD/0021, AS0060 and GA/TLBD/0016) of which 4 are local
accessions
derately susceptible, 3 accessions (GA/TLBD/00138 GA/TLBD/0
> 020,

LBD/0012 and GA/TLBDO0013) were tolerant whilst 7

were mo

GA/TLBD/OO]S, GA/T
resistant (GA/T LBD/0006, GA/TLBD/0008,  GA/TLBD/0007

/0002, GA/TLBD/0003 and GA/TLBD/0010)

The lesion progress curves on the leaf disc of the 21 accessions from th
m three
re shown in Figure 55. It can be

BD/0002, GA/TLBD/0003 and GA/TLBD/0010 and
an

progressed steadily until the day 7 when the lesion growth on GA/TLBD/0010
20 mm being the lowest. Accessions GA/TLBD/0002

een 10 mm {0

AT LBD/0007, G
mm. Growth on accession GA/TLBD/0008

was betW
A/TLBD/0011 had lesion diameters of

GA/TLBD/0003: G

petween 20 mm and 30
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/ I D an

GA/ rogi i

2 Y
n

days. The other accessions recorded a steady growth of between 20
to 30 mm

from day 4 to 40 mm t0 50 mm after 7 days.

Table 6: Mean Lesion Diameter on Leaf Disc of Accessions Established
ished at

Bososo
Accession Mean Lesion Level of
Diameter (mm)  Resistance
GA/TLBD/0009 3835a MS
GA/TLBD/0014 35.35ab MS
WRO0005* 34.50 ab MS
GA/TLBD/0001 33.55ab MS
ER0063* 33.35ab MS
CSR100004* 33.05ab MS
GA/TLBD/0021 32.75ab MS
AS0060* 32.20 ab MS
GA/TLBD/0016 30.45 be MS
GA/TLBD/001 8 25.35¢cd T
GA/TLBD/002O 24.10 de T
GA/TLBD/001 5 23.60 de T
GA/TLBD/OOIZ 23.35de T
GA/TLBD/OOI 3 22.55de T
GA/TLBD/0006 20.75 def R
GA/TLBD/OOOS 20.20 def R
GA/TLBD/OOO7 18.55 efg R
GA/TLBD/0011 17.95 efgh R
GA/TLBD/0002 14.45 feh R
GA/TLBD/0003 12.85 gh R
GA/TLBD/0010 12.15h R
LSD=6.318
S.E.D.=3.214
ificantly different at P <0.05

ent letters were sign

values with differ .
* gre local accessions

Accessions ma ked
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GA/TLBD/0001

- GA/TLBD/0002

GA/TLBD/0003
AS0060
ER0D63

# =GA/TLBD/0006

GA/TLBD/0007

‘. GA/TLBD/0008

s—mGA/TLBD/0009

GA/TLBD/0010

| GA/TLBD/0011

ewiwsGA/TLBD/0012

GA/TLBD/0013
=3==GA/TLBD/0014
«=®=GA/TLBD/0015
s==sGA/TLBD/0016

Mean Lesion Diameter (mm

- CSRI00004
e—mGA/TLBD/0018
a=t=s\WR0005
aN=GA/TLBD/0020

@ f 7 sshwsGA/TLBD/0021
puration of Incubation (Days)

”1 taro accessions in the lab

f
Figure 55 Lesion progress curve on lea

ts the mean lesion diameter of the taro leaf blight disease
sen

Table 7 1€pre

2] taro accessions established on the field. Accession
g of

the leave _ .
on ) had the lowest mean lesion diameter but was not

740

p/0002 (1-

GA/TLB . (@009 from accessions GA/TLBD/0007 (1.845),
differen '

. coantl
significantly GA/TLBDI0012 (1910) GA/TLBD/0003 (1.975),

010 (1845)’

LBD/0
Gt GA/T L.BD/0011

0 (2.170), GA/TLBD/0006 (2.185) and
o (2.100),
GA/TLBD/2

110



GA/ LB i a ded
I I)/()(n4 ( 31 ) The hlg est mean lesion diameter S Ic
2 0 h h diam Wi corded for

accession E w. P f
n ER0063 (4.680), but was not significantly different (P<0.05)
. rom

/ 1 ( . 35) he mean lesion diametel o) accession GA/I LBD/OO
21

was also not significantly different fi
rom accessions CSRI00004
(3.950) and

GA/TLBD/0013 (3.890).

Table 7: Mean Lesion Diameter of the Accessions Established on the Field
e Field at

Bososo

Accessions 11\)/[i:?: ItJesion Level —
ER0063* e e Sesanes
GA/TLBD/OO2I 40.35 | MS
CSR100004* 39.50 MS
GA/TLBD/0013 38.90 MS
GA/TLBD/0016 33.70 MS
AS0060* 33.55 MS
GA/TLBD/OOO9 33.25 MS
GA/TLBD/OO 15 33.00 MS
GA/TLBD/OO]8 31.80 MS
GA/TLBD/OOO] 28.15 T
WRO0005* 25.15 T
GA/TLBD/OOOS 24.50 T
GA/TLBD/0014 23.10 T
GA/TLBD/OOO6 21.85 T
GA/TLBD/OO] 1 21.70 T
GA/TLBD/0020 21.00 T
GA/TLBD/OOO3 19.75 R
GA/TLBD/OOIZ 19.10 R
GA/TLBD/OO] 0 18.45 R
GA/TLBD/OOO7 18.45 R
GA/TLBD/OOO2 17.40 R
LSD=6.465

“Values with different Jetters were signiﬁcantly different at P < 0.05°
Accessions marked # are local accessions

ble (Table 7) also shows that 1 accession which is local (ER0063)

The ta
re muderately Susceptible WlliC]l in(_‘,lllded two | 1
we 0 loca

CSRI10004, GA/TLBD/0013, GA/TLBD/0016

sceptible: 8

A/TLBD/0021,

was Su

accessions G

o, GA/TLBD/0%O

9, GA/TLBD/OO]S and GA/TLBD/0018), 7 tolerant

AS006
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including one  local (GA/TLBD/0001, ~ WRO0005, GA/TLBD/0008
GA/TLBD/0014, GA/TLBD/0006, GA/TLBD/0011 and GA/TLBD/0020), and 5

resistant (GA/TLBD/0003, GA/TLBD/0012, GA/TLBD/0010, GA/TLBD/0007

and GA/TLBD/0002). Among the resistant varieties, none was a local accessio
n.

Morphological Characteristics of Accessions

In Table 8 are represented the pictorial description of all the 21 accessio
ns

that were used for the final screening, including the 17 exotic varieties and 4 local
oca

accessions.

ng accessions

ological yariations amo

Table 8: Moggh gl
Leaf Surface Leaf TLBD

Accession Petiole
texture : Underside Symptom

colour
appearance  Appearance

GA/TLBD

/0001

GA/TLBD

/0002

GA/TLBD

/0003
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AS0060

ERO0063

GA/TLBD

/0006

GA/TLBD

/0007

GA/TLBD

/0008

GA/TLBD
/0009

GA/TLBD

/0010




GA/TLBD

/0011

GA/TLBD

/0012

GA/TLBD

/0013

GA/TLBD

/0014

GA/TLBD

/0015

GA/TLBD

/0016
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CSIR0000

4

GA/TLBD

/0018

gical characters among the Accessions

2 tion of Morpholo
distribution of the leaf blade margin of all th
e

Frequency ©

s the frequency
t Tt could be observed that

56 represent
ned in the experimen

that were scree

Figure

accessions Ay
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57.1% of the accessions had a leaf margin that was undulated whilst the rest

(42.9%) had a margin that was entire.

58.4% of the accessions had a leaf blade margin colour of green, whilst the others

were purple (38.1%) and brown (9.5%) (Figure 57).

60
|
50 -
5= i
~ 40
P |
g i
2 ]
8_ 30 i
= |
= !
| 20
10
| ' -
0 - ; e .
Undulated Entire |
i Leaf Blade Margin
s tributi f blade margin amon the 21 t
: distribution of the lea o bt
Figure 56 Frequency
accessions
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Frequency (%)
&

purple Brown

Green
Leaf Blade Margin Colour

Figure 57: Frequency distribution of the leaf blade margin colour among the 21

taro accessions
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Leaf Colour

Light Green

Figure 58: Frequency distribution of the leaf colour among the 21 taro accessions
3 represents the various colourations of the leaves of the
cened for the TLBD resistance. The majority (80.95%) of
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the accessions had green leaf colour, 14.29% had a light green leaf colour, whilst

4.76% were dark green.

From Figure 59, 47.6% of the accessions had wrinkled leaf surface whilst

52.4% had a smooth leaf surface.

u
w

w
N
1

w
=

wu
o

48

Percentage Frequency
S
w

47 -

46

45

wrinkle

Texture of Leaf Surface

ion of the leaf surface among the 21 taro accessions

Figure 59 Frequency distribut
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of the leaf Vein Colour among the 21 taro

Figure 60: Frequency distribution

accessions

iaure 60 about 14.3% of the accessions had vein colour of green, 52.4%
ol o

From F
n colour with 19.1% having white vein

14.3% brown vel

had purple yein colour

colour.
ped (green and white) and

re 61 4.8% of the accessions had stri

From Figu
o green, 14.3% dark green and

purple petiole colout {430 WIS yellow. 381

23.8% dark purple-
(66 67%) of the taro accessions rarely produced flowers whilst

Majority
e 62)-

23.33 % ﬂowered ﬁ'equently (Figur
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ey e
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Corm Shape

Figure 63: Frequency distribution of corm shape among the 21 taro accession
S

shape characteristics of the 21 accession
4

sents the corm

Figurc 63 repre
al corm shape, 28.57% were conical

ons (33‘1%) had cylindric

1. 9.52%¢lo

Most accessl
6% dumbel shaped.

19.05% elliptica ngated and 4.7
In respect of the pcrcentage corm sKin colour (Figure 64), majority
gsions had purple skin colour whilst the rest (33.33%) had

(66.67%) of the acce

brown skin colour.
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Figure 64: Frequency distribution of corm skin colour characteristics among the

21 taro accessions

From Figure 65 about 52.38% of the accessions had white flesh colour,

ur with 4.76% having a yellow flesh colour.

42.86% had purple flesh colo
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wn
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Cluster and Principal Component Analysis of the 21 Accessions

Figure 66 shows the cluster analysis of the 21 accessions based on thei
n their

morphological traits. Seven clusters could be observed. A :
. Accessions

/0014, CSR100004, GA/TLBD/0

the same cluster (Cluster 1), accessions GA/TLBD/0007, GA/TLBD/0010 and
’ an

GA/TLBD 018, AS0060 and ER0063 belonged to

cluster 2) are more closely related, GA/T LBD/0016 and

e same cluster (cluster 3), GA/T LBD/0015

GA/TLBD/0003 (

GA/T LBD/0021 belonged to th
and GA/TLBD/OOII clustered

A/TLBD/0012 and GA/TLBD/0002 were

GA/TLBD/0020 together ~ (cluster  4)

8, GA/TLBD/0013 G

GA/TLBD/OOO
with accession GA/TLBD/0009 and WR0005

also grouped together (cluster 5)

6). Accession GA/TLBD/0001 and

together (cluster

also clustering
ant accession from the others but which also

GA/TLBD/OOO6 are more dist

d together (cluster 7.

clustere
omponent analysis of the 21 accessions using

ows the principal c

the morphological characteristics. The analysis

Table 9 sh
grouped the characters into four

ccounted for a total of 67.05 of variations observed with

factors which 2@

latent
7%, 17.74%, 15.54% and 10.73%

(0.692) and leaf surface

respectivcly.
by leaf blade margin

contribution of 0.
ontribution to pC2 with an absolute

kin colour (0.645). The major contributor to

an absolute value of 0.755 while corm shape also



rogram

Dend

CASE 0 5
Accessions Num +==---——~
GA/TLBD/0014 14
CSRI00004 17
GA/TLBD/0018 18

AS0060 4

ER0063 5
GA/TLBD/0007 7
GA/TLBD/OOIO 10
GA/TLBD/0003 3
GA/TLBD/OOlG 16
GA/TLBD/0021 21
GA/TLBD/OOlS 15
GA/TLBD/OOZO 20
GA/TLBD/OOll 11
GA/TLBD/OOOB 8
GA/TLBD/0013 13
GA/TLBD/OOlZ 12
GA/TLBD/OOOZ 2
GA/TLBD/OOO9 9

WR0O00S 19
GA/TLBD/OOOI 1
GA/TLBD/OOOG 6

6: Hierarchical cluste

Figure 6
acteristiCS

morphological char

ring of 21 accessions 0

f taro based on their

owing the contribution of the

. lysis sh
Table 9. principal component anaty="= )
morphological characters to yariations in the accessions
Variables PCl pC2 PC3 PC4
/
- 725
Petiole colour . 692 _304 125
Leaf blade margin 690 _306
Leaf surface '52] 459
Leaf colour '397 _660 355
Vein colour -.367 645
gl""“ skin colout 396 531 5 -.445
owering 755
Flesh colour 396 -.576
Leaf blade margin colour 438 809

2304 | 74 1554 ] 073
23.037 17.739 15538 10.732
73.037 40.776 56314 67.046




Ch isati i
aracterisation of the Accessions Based on Plant Height and Corm W
m Weight

Figure 67 presents the plant height of the 21 taro accessions evaluated
uated on

the field at Bososo. Accession GA/TLBD/0010 had highest mean plant heigh
eight of

1.944 m, though it was not significantly different (P>0.05) from accessi
sions

GA/TLBD/0007 (1.862 m), GA/TLBD/0008 (1.844 m), GA/TLBD/0018 (1.800

m), GA/TLBD/0013 (1.760 m), GA/TLBD/0002 (1.672 m), GA/TLBD/0003

GA/TLBD/0016 (1580 ™). GA/TLBD/0020 (1.558 m)

(1.660 m),
and GA/T LLBD/0021 (1.520 m). Though accession

GA/TLBD/0012 (1.540 m)
owest mean height of 0.8

04, GA/T LBD/0015, WRO0005 and ER0063

AS0060 recorded the 1 86 m, it was also not significantly

m accession CSRI000

different fro
£1.038 m, 1.204 m, 1.230 m and 1.260 m respectively

which had plant heights ©
nt from the others. It can also be observed

T signiﬂcantly differe

cal accessions recorded low plant heights (red bars).

They were howeve

that all the 1o
Lsd (5%)=0.4255
2.5 1
CER
=
=
=1.5 1
)
ot
L
w1
=
=05
"
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Jant heights O

Figure 67
= onsg)
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From Figure 68, which presents the average corm weight of the 21
e

accessions, it is evident that accession GA/TLBD/0010 recorded the high
ghest corm

weight of 2.360 kg but was not significantly different from accessi
sions

GA/TLBD/0003, GA/TLBD/0015, GA/TLBD/0011, GA/TLBD/0018
’ and

GA/TLBD/0014 which recorded corm weights of 2.00 kg, 1.82 kg, 1.75 kg, 1.72

re significantly higher than weights

kg and 1.68 kg respectively. These we

accessions except accessions GA/TLBD/0009

GA/TLBD/OOOZ, GA/TLBD/0016 and GA/TLBD/0008. The

s recorded by accession WR0005, but was not

recorded for the other

GA/TLBD/0007,

weight of 0.460 kg wa

lowest corm
m accessions GA/TLBD/0001 (0.581 kg), ER0063

significantly different fro
LBD/0020 (0.640 kg
3, GA/TLBD/0012 (0.

kg), GA/TLBD/0021 (0.940 kg

950 kg), GA/TLBD/0013

). Among the accessions that recorded

(1.120 kg) and GA/TLBD/0006 (1.160 kg

are all the local ones.

low corm weights
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Assessment of the Incidence of Corm Rot among the Accessions

In Figure 69 is shown a taro corm with mycelium and sclerotia after seven

days of incubation under room temperature (25°C). The corm was covered with

white mycelia (black arrow) and had white to dark brown sclerotia (red arrow)

formed around it. The sclerotia measured between 1 to 3 mm being round to

spherical in shape.

) with sclerotia (red arrow) on corm

(black arrow

Figure 69: Growth of mycelium

of taro
s the 71 accessions and the percentage incidences of
nts

. oure 70 Prese
Figur ne (9) out of the 21 accessions did

an be obserVed that only ni

rm rots ranging

t disease- Itc |
1 accessions recorded co

corm 1o
11 the other !

rot,

record any corm
Accessions GA/TLBD/OOZI an
Jccessions GA/TLBD/0010 and

not d GA/TLBD/0003 had the

0% to 80%:

from 20 followed by
e of rot, three

. idence .
highest ot incide? hat showed no incidenc

04). Out of the 17 exotic



genotypes, only 5 (GA/TLBD/OOIG, GA/TLBD/0018, GA/TLBD/
9 0009’

GA/TLBD/0020 and GA/TLBD/0006) recorded no incidence of rot
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DISCUSSIONS
BD using chemical and cult
pifficulty in controllmg TL g ural methods
sistant tO the disease. The use of resistant

st option t0 manage the taro leaf blight

varieties has been
disease (Shakywar e
valuation demonstrates

The results ©
arious accessions to the TLBD. All the accessions
he development of lesion on the leaves.
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luati | i
ation of the 21 taro accessions revealed the level of resist f
ance o

The eva

the i ;
accessions in both the laboratory and on the field. All the local varieti
ieties that

were € i i
valuated in the laboratory using the leaf disc assay were identified
ied to be
ceptible to the disease. When the same accessions were evaluated
uate

moderately sus
hich was dentified to be moderately susceptible

on the field, accession WRO0005 W
n the field and also accession

in the laboratory Was ‘dentified to be tolerant O

as identified 10 be m
Again, all the accessions

3 GA/TLBD/0012, GA/TLBD/0010

(GA/TLBD/OOO )
002) and in the laboratory (GA/T LBD/0006

oderately susceptible in the laboratory was

ER0063 which W
that were identified to be

susceptible on the field.

resistant on the field

and GA/T LBD/0

GA/TLBD/0007
GA/TLBD/0002,

GA/TLBD/OOO7, GA/TLBD/0011,
d exotic accessions.

GA/TLBD/0008,
) were all improve

4 GA/TLBD/OOTO

four

GA/TLBD/0010,

GA/TLBD/0003 an
GA/TLBD/0003,

accessions,
/T LBD/OOOZ) w

ocal accessions €

h resistant in the

Among  these
ere identiﬁed to be bot

007 and GA
valuated were resistant to the

GA/TLBD/O
None of the |
hat though S

| of toleranc€ ma

d on the field.
n be identified

ult indicates t

lab an
ome local accessions ca

disease. This r€s
y depend on the prevailing

gen strains since different strains

ions in Ghana (Adomako et al., 2016).

to be resistant OF tolerant at 2 particular location

a different Jocation. This supports the

Accessions th
genotypes that were collected

cha ractenstncs ina

«hibit the sam
frer evaluatmg

may not €

014) Who ?
ed that some cultivars

i . (2

findings of Ackah et a .
west and Ashanti) in Ghand reveal

. ns (WE® |

0 found in [ocal germplasm . Ghana though

with meaning u
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was completely resistant to the

none of the germplasm evaluated in the study

disease and that there may be no accession of taro in Ghana that may b
e

completely resistant 10 the taro leaf blight disease. Sugha and Gurung (2007)

made similar studies and reported that none of the genotypes evaluated in India
were free from the taro leaf blight disease and based on that and other similar
reports, a breeding programme was started which has now improved their local
accessions. Such breeding programmes to incorporate the resistant gene from the
sions could be initiated to enhance resistance in the

exotic into the local acces

local accessions.
haracterisation of the 21 accessions

sults of the morphological c

The re
were genetically diverse. Majority of the accessions

e accessions

revealed that th
nd undulated blade margin with green

ooth surface @

olour with sm
d to have purple ve

had green leaf €
in colouration with

colouration. Again,
the majority of the

d a white flesh.

green
ple skin colour an

) with a ur
accessions were als l P
i revealed that petiole colour, leaf blade

m skin colour, flesh colour and corm

face,
to the clustering of the

margin and Jeaf sur

n compared with the exotic

he lowest in heights and the
also high

accessions- This is because the

It of comprehensive breeding

among the exotic

exotic gCﬂOt)'Pes
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rogr i i
programmes in the countries where they were imported from, but in Gh
’ ana, taro

prove on the local accessions and

has received no such breeding programmes to im

that is why the yield and height of the exotic ones are better than the local ones

The presence of white mycelia with sclerotia on the harvested and

hat the rot is caused by Sclerotium rofsii. This

incubated corm confirms t

corroborates the report of Kwon €t al. (2013) who identified Sclerotium rolfsii as
a. The results also revealed

e rot on taro in Kore

one of the major causes of whit
that all the accessions that were identified to be resistant to TLBD were also
highly susceptible 10 the corm 1Ot disease, but out of the four local accessions
was susceptible to the sclerotium rot. This shows that, though

evaluated, only on¢
e, some are tolerant to

arieties arc susceptible 1O the leaf blight diseas

the local v
sclerotium rot.
The conﬁrmation of the Jevel of resistance of some of the improved exotic
eaf blight disease and the local accessions 1O the sclerotium rot
e needs to be adopted

accessions 10 the |
eding programm

agoests th
sistant exotic varieties

disease, Sugs
rossing these re

ccessions: C
pvival of our loc

f blight disease. The

al varieties since over

in Ghana to improve

] accessions
ple to the lea

with our loca
i susce ti
time they will all pecome high p |
for TLB resistance needs 10 include resistance to
breeding program
Sclerotium rot: | | |
r caled that resistant 121 accessions exIst which can be
ev
i earc has 't |
This res d ction t improve food security and their
odu
introduced to farmers for
livelihood-
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CHAPTER SIX

IN VITRO EVALUATION OF THE EFFECTIVENESS OF SOME

FUNGICIDES AGAINST Phytophthora colocasiae

INTRODUCTION
mical means of managing pests and diseases are widely

Although non-che
r health and other reaso
secticides and fungicide

Moy and Wessel, 2000). Controlling

ns, the use of some amount of chemicals

recommended fo
s is unavoidable in the

rm of fertilizers, in

in the fo
f diseases on farms (

effective management ©
ccessful control can

h fungicides is technically feasible and su

taro leaf blight wit
tion and dosage of

if time of applic@

ially considere

fungicides, frequency and target

mancozeb-based

be achieved
d. Metalaxyl, copper and

are cruc
e disease elsewhere (Jackson

of application.
ved effective in controlling th

fungicides have pro
ar et al., 20 12)-

poﬂant to SC

des on the market for their

1999; Shakyw
reen Some fungici

[t is therefor€ im
aing cease in Ghana. This research therefore evaluated
n = o

P. colocasiae in vitro.

effectiveness in ma

the efficacy of som® fungicides !
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MATERIALS AND METHODS

Study Location

The experiment was conducted at the Plant Pathology Laboratory of the

School of Agriculture, University of Cape Coast.

Isolation and culture of the Pathogen (P- colocasiae)
The P. colocasiac pathOgen used for this experiment was the isolate
obtained from Fanteakwa district as described in chapter 4.

jcides against P. colocasiac

ique (Sharvelle,

ial growth of P. colocasiae in-vitro.

Evaluation of selected funs
1961) was employed to

evaluate the effec
im 500 g kg’ 1, Mancozeb

The selected fungicides we
Agro Comet

eb 80%) Ch
+ 600 ¢

(mancoZz

(120g kg" metalaxyl

Methyl).

gicides were converted to parts

’ndividual fun
of 100 pp™;

orking " .
used for the experiment.

Preparation of F
200 ppm, 300 ppm; 400

per million (p

ppm and 500 ppm
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F .
ungal Inoculation of PDA-amended fungicide
Each m ici
ass of the fungicide concentrations prepared was mixed
ixed with 15
ml of PDA. The mi
. nixture was poured into sterilized Petri
etri dishes and all
owed to
s used in taking mycelia from the

solidify. An 0.8 cm _diameter cork borer wa

edge of a 10-d
- day old actively g orowing culture of P
' colocasiae to in
oculate the

re kept in an incubator at 28 °C £ 1 or 2 °C

modified PDA and the cultu
Phytophthora colocasiae grown on PDA without any fungicides served as th
as the

control.

rowth of pathogen

Effects of fung
was recorded :n each experimental plate

wth of colony

The radial gr°
d in two directions

(randomly and at right angles)

were measure
ken each day for

Measurements were ta

ined using «Vincent’s formula’ by Jamadar

7 days. Percent inhibit10
and Lingaraju (201 ) shown bel
I=C-T X 100%
C
Where: [ = percentag® inhibition
C= Radial 8 control plat
ici ]ates
T= i hin funglmde p N
) Radial grow! casured {0 aSsess the toxicity of each fungicide
adial growth as
cphcated three times- The treatments
; f treatm® s T
concentration- Ea set O
mpletely rand0 ize desigh (CRD)-
)

were set up in 2
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Data analysis
Mycelial growth progress curves for P. colocasiae response
were

gicide applied. Mean radial growth and percentage

constructed for each fun
ariance (ANOVA) using GenStat 12"

inhibition were subjected 10 analysis of Vv
using Fisher’s protected leas

Means Were separated t sionificance
o

edition.
probability level of 5%.

difference method (LSD)ata

RESULTS
gicide -Amended PDA

ponse at 100 ppm, growth

Growth R
nts the growth res

71 which prese
5 on all plates although that on

From Figure
4 from day "¢ ¥ day
d slow than the others. However, for the

y filling the plate, whereas it

generally increas€

was signiﬁcantly [ower an

carbendazim
fier completel

e at 200 ppm- From the figure, growth on

han the others and continued to

and SIOVVer t

h however was faster and mycelia

ops-M and the control on

completely filled the P at

day 3 and also on A8
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Figure 71. Growth response of
ar atl00 PP\ gopp Comel, CA - Carbenazim, MZ -

potato dextrose ag ;
tte,
emollie 1R Contro )

(CH represents Ch
y Tops-M @

Mancozeb, TP-
10 P
9 ////f A
g ——CH
= 7 / -B-AC
= & —4—CA
g 5 >=MZ
% 4 =#=TP
E 3 -0—-CTR
2
1
0 S

gicides amended

/ . / a co
e hthor
fP hy oF cA - Carbenazim, MZ -

—

s
Figure 72- Growth ™° ¥ c - 38"

PDA at 200 pP™* 1li
(CH represents Che]':}oand CTR-
Mancozeb TP -T0P a
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Figure 73 reveals a clear shift of Carbendazim and Agro Comet from the

other fungicides and the control. Radial growth on both fungicides was linear and
adial growth on the other fungicides

increased slowly from day ] to 5. R

emolliete, Tops-M and the Control) were fast and

(Carbendazim, Mancozeb Ch

plate by day 3-

completely filled the

[
o

Radial Growth (cm)
S = N W R LN 0 O

hthord colocasiae on ﬁmgiCideS-amended

of PhythoP

Figure 73, Growth response Jicd

PDA at 300 pP™ Chemollieﬂe . ;Crol) ’
nis _Con

ggngezizf{e ops'M ﬂﬂd CTR

Comeb CA -Carbenazim, MZ -

pm showed 2 clear

dazim and

. Car
From FigW™® L h control: The
m day 110 5. Growth

sed slowly 11°

the othe?
_M and the Contr

shift from
ol and by day
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Mancozeb, TP-
etween all the fungicide
X though Agro Comet

s. Agro Comet

ther fungicides.

least in gr° " TopS—M and the control were very fast

recorded the
m011iet6,

wth on Che

Radial gro
4 the p13*°

and completely covere
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b’/

D

ra colocasiae o1 fungicides-amend d
(+]

ays

f Phythaphtha

wth response ©
t, CA - Carbenazim, MZ -

Figure 75. GT0

PDA at 500 ppm™-

(CH "ept‘esents hemolliette , AC - Agro Come
_Tops-M and CTR- Contro))

Mancozeb,
1 Growth of P. Colocasiae

Effects of pifferent Rate . +des on Radi?
From Table 10, at 100 ppm and 200 PP there was a clear difference
which recorded mean radial growth of 5.343

, 400 and 500 ppm, there

(P=0.005) petweel!
. cides an

the other
in radial gl‘O

wth on Carbendazim and Agro

cm, and all
other fungicides and the

Comet, but gro
all the rates of

control. Radial & u

fungicides used-
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Table 10. Radial Mycelial growth (cm) of P.colocasia on different Concentrations

of fungicides
Fungicides Mean Radial Growth (cm)
100 ppm 200 ppm 300 ppm 400 ppm 500 ppm

Control 7.843 7.843 7.843 7.843 7.843

TOPS-M 7.847 7.827 7.820 7.797 7.320

Mancozeb 7.690 7.287 7.570 7.077 6.833

Chemoliette 7.570 7.187 7.333 6.903 6.753

4.4

Agro Comet 71 17 6.827 5.100 33 3.993

4.737 4.303 2.290

Carbendazim 5.343 4.963
1.678 .

1723 1.806
LSD 1.735 1.758

'~ colocasiae mycelia on

fungicides- The least mean radial

ndazim at the end of the study, but was

ed for Carbe
ded for Agro Comet (5.15 cm).

i with TOPS-M and the

) 7.
Control having the highest
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LSD (5%)=0.788

Radial Growth (cm)
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Gy fL
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4

i

i
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2 " ) liette ABrO Comet Carbenazim
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control TOPS-M -
Fungicide
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i g fP.
Figure 76. Mean Radial Mycelial Growth 0

Different Funolmdes

ides on the Growth of

age Inhibitioﬂ
age inhibition of

Percent:

P, asiae. :
Colocasiac e highest percent

:m had th
31.40%), Chemoliette

%)- Mancozeb(
e inhibitions of all t

IUUI'C

From F
(53 88%

hese

63.59% followed by £~z i
’ %). The percenta

(23.47%). an

fungicides Were sig

ive
being the least effectlV
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Lsd (5%)=7-67

70
S @ .
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— !
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< 1
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20 i i
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Fungicide
Figure 77. percent i hibition of m ycelial growth of P colocasiae on fungicides-
amended PDA
DISCUSSIONS
‘e ﬂmaicides against p. colocasiac. all five
In an experiment 1o find effectty g
acramst the pathogen. Higl
h€lf effe ctlveness gher
fungicides showed d! ifference es 1
- G tai oree, radial grow
f eacl funﬂcide inhlblted 1o a certain degree: growth in all
concentrations © each 1772
et Metalax | and Co
gazim (€ rb ndazim) and AZT Comet d Pper)
the ndazl .
plates Carbe cive Cal.bendazim was effective at all the
ffectiV
be most €
were 1dcnuﬁed to 500 ppm) but Agro Comet became effective
0
. 00 pP! .
COnCentrat]ons useé 1 p ¢ nolcld (Calbendaznﬂ and Agro Comet)
gwo TUhe
1. The
from 200 ppm ¥ 500 PP" 00 pp™

were equally offective fro
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Again. i
gain. though Carbendazim and Agro Comet were most effecti
. ective in
inhibit
ing the growth of P. colocasiae, Mancozeb and Chemoliette (F
osetyl
m) showed no differences in their ability to inhibit growth. TOPS-M
ince it was not able to

wever not effective at all si

Aluminu

(Thiophanate Methyl) was ho

inhibit the growth of P- colocasiae.
naredients of the various fungicides may

s of the active ing

The efficacie
s against the patho

gen. Carbendazim is a

heir effectivenes

active benzimidazole fungicid

account for t
e that inhibits the synthesis of -

systemically
jve in controlling most plant pathogens

n. It has been reported 10 pe effect

Bonilla (2006

tubuli
) in their research t0 determine the effects of

nate methyl on white root rot of

Lopez-Herrera & Zea-

zim,
dazim. Mathivanan &

benomyl. carbenda
ipition bY carben

avocado observed 2 97% &
of the inhibition of mycelial growth by

mine the effect of

Jeaf blight and seed yield

Carbendazi
n Alternaria
not surprising that it exhibited

carbendazim and ma

ianthus 4
jon of metalaxyl and

in sunflower (Hel
colocaSi""‘ AL
yl and Copper) have been

great efficacy on

<ide. Thes® active

Copper (1) ©

be effective on

residua] protectlon against plant

alaxyl based

reported tO
) whereas Met

ions from copper
peciﬁc inhibition of

pathogens (Noyc¢€ et 2l . . into
‘ corl’omtlon "

n
pit ur ridin® :
[ 2000)

A and S
mbined effect of metalaxyl

fungicides inhi
+RNA synthesi® (sukul 2" ccorded. This confiTs the
have contrib”ted

and copper cou



lerton and Tyson (2004) that successful control of taro leaf blight is

report by Ful
yl. Misra (1996) and Jackson (1999) in their

possible with copper and metalax

d the effectiveness of metalaxy and Copper oxychloride

studies have demonstrate
gD in field or i vitro. Though the percentage inhibition of

in controlling TL
e not as high as observ

ed by Lopez-Herrera and

Carbendazim and Agro Comet ar
can be integrated with other control strategies for a

Zea-Bonilla (2006). they

successful management of the disease-

144



CHAPTER SEVEN

D PRUNING OF DISEASED LEAVES ON THE

EFFECT OF SPACING AN
ND SEVERITY OF PHYTOPH THORA LEAF BLIGHT

TARO (C olocasia esctt

INCIDENCE A
DISEASE OF

lenta)

INTRODUCTION
ultural methods h

ave been recommended for control of TLBD

Different €
ch may be of limited benefit, they

(Singh et al., 2012). Thoug
he disease (Misra et al.,

ffective

may play important ro
ve been reported t0 be ¢

he cultural Pr ractices that ha

2004). Some of t
of mfected leaves during the early stages of

removal ©
(Nelson,

D include
to reduce disease spread

against TLB

disease development and W
jve in controlling the disease in

2011).
highly effect

plots are relatively well separated

ing is effective in improving air

subsist
2012 pruning
¢ (Singh !
he spread of diseases. It

from one anothe
S rclatiVC
al., 199 4).

circulation which reduce
ce> moculu agement of plant diseases. It

also redu
f the disease by

icker spread O
hrough air sprays from one plant to

elieve
ZOospores t
nt investigations

n. The prese

distanc® 0 )
3pideml
on the

reducing the
the other which i
the effect ©

were undertaken
¢TLBD

. ity O
incidence and severity
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MATERIALS AND METHODS

Study Location and Land Preparation
y the effect of plant S

f blight in taro was established from

T )
he field trial to stud pacing and pruning on the

f Phytophlhora lea

incidence and severity ©
oso in the Eastern reg

ary 2016 at Bos

ion of Ghana. The

March 2016 to Janu

sen after it wa

S observed 10 be a taro leaf blight endemic area

location was cho
mer’s field was

ucted a5 explained in chapter 4. A far

e of the experiment. The land

nd the remova

after a field survey Was cond
which was a marshy area

ses and

acquired for the purpos
| of stumps using cutlas

was prepared bY manual clearing 2

hoes.

esign with WO factors

Experimenta
Factorlal D
ent (local,

ial was
ed for this experim

The field tn
5 were s

). Foul ta
planting distances

(spacing and pruning)
ents peing the

5mx075m T3=1.0m

tolerant an

susceptible-
3+ Pruning )- Each

with ithout runing
or without P e ndT6=T
5=T
planting distances (0.6

as done according to the

ted thre€ t

was replica
1.0% 1.
the treatments and

x 0.9 m, 0.75 %

replications Ea
distanc® °
nbmaﬂo
Twelve

accessions cot
plicaﬁO“s'

cks/ 1€

ment Plot'
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Agronomic Practices

mended agronomic practices (drainage and weed control) f
or

All the recom
ng a good crop except plant protection and

tar ivati
o cultivation were followed for raisi

fertilizer application.

Data Collection
hment when the leaves had

eks after establis

tarted four we
interval for 24 weeks. Four

at two weeks
he leaves of each of the tagged

PData collection $

started unfolding and subsequently
ach plot. All't

ssessed on €
an average was det

plants were tagged and @
ermined for

plants were assessed for the disea
that plant. pruning Was also don€ o designated plots at 4 weeks intervals
whenever there were infections on these plots- Disease severity Was scored on a 0-
5 scale (Prasad- 1982)- Diseas® incidence was Jetermined using the formula by
(Shakywar, pathak Singh 2012)
. lnfected plants 100
Disease incidence (%)~ m
i to determiné the yield
At harvest. corms from €8¢ |ot Were weigh d
Dat
a AnalyseS sl of Jariance (ANOVA) using Genstat 12
a
piected © an

Data Was ) sone Jsing Fisher’s Lsd at 5% probability
Edition and means sepalatlo
level.

147



RESULTS

Effects of Spacing and Pruning Activities on the Incidence and Severity of
TLBD

d the percentage incidence of TLBD on taro

In Figure 78 arc presente

g. Itcan be observed from the figure that, though

plants grown at diffi
0p, it was not

had the highest incidence of 91.7

pacing
orded for the

0% and 76.4 %o r€C

the 0.6 m x 0.9 m S
- dences of 88.9

significantly different from the In¢!

0.75 m x 0.75 m and .

AIOO
2
3
= 60
fr—
(]
2 40
=
2
= 20
&
=

0

to two different
in a sigmﬁcantly

TLBD incidence eo
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2
a] m _,
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Fieure 80 _u_.mmo:ﬁm data on the oOEGEmn_ effect of pr uning and spacing on
jon with :o:-?.:_::m activity recorded

disease incidence- The mvmo_:m in no_:_u_:.ﬁ
ing. and 100% ecach for both
with spacing in

higher incidences of

the 0.6 m X 0.9 m and

puning
(0.75 m ¥ 0.75 and

5 1.0m spacing with pruning
a mni,\:v\.
; :q_om::v\ different :qu,omV from
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different fi
nt from the 0
75 m x 0.75 m and 0.6 m x 0.9
9 m which also I
1ad disease

severity of
3 1.09 and 1.2
1.201. respectively. The 0.75 m x 0.75
75 m and 0.6 m X
09m

different from each other

cts of pruning on the severity of the TLB
D. It

wer I
¢ not significantly

_wwm._. 5 .
aure 82 ﬂn?.omm:ﬁm the effe
a m_m:_:nm_: difference in severity wi

. where plants

can

be observed that there 15
were pru

mned and wh
en no pruning was done (P, 0.05
). Where pru i
ning was don

. - i mq
_m:_mom:zw [ower on taro plants (0.611)

severity of di
rity of diseas¢ was S

c\ov.\hc._mmh
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1.4
z
: | !
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lots wh 0.9 0.7
p ere plants were Spaced at 0.6 mx 0.7 m and 0.75 m x 0.75
3 .75 m with no

fferent on plants spaced at 1.0 m X

4075 m x 0.75 m (0.778 and 0.667

pruning were similar but di 1.0 m. Si
.0 m. Similarly,

the mean severity for 0.6 ™ X 0.9 m an
1.0 m spacing (0.389)

ifferent from the 1.0 mx

respectively) were signiﬁcantly d
0.6 mx09m and 0.75m x 0.75 m

e. In comparison the

where pruning was don
spacing with pruning.

with non pruning are significan

18 1 Lsd (59%)=0.2691
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Figure 83. Diseas® seveﬂfy a
pruning activity e
a
. n the Yleld o
P uning cnﬂms ’ harvested per plot of the
Effects of SpaciP® an igh £ taro ©
d with
th aVefag & that eld increase
Figure 84 shows o pserv
valuatﬁd It © 71 kg) obtained from plants
various plant spacillg ig e (10-
; e with the et (Pjo_oos) from the yield
' caﬂtly 813 kg) but not

Increasing plantiﬂg

spaced at 1 M x 10
weré g



signific  differ
antly different from that of 0.75 m X 0.75 m spacing (10.02
| W o _ 3 kU) Y
from plots were D o
plots were plants were spaced at 0.6 m x 0.9 m and 0.75m X 0.75
. .75 spacing

were ) ; SR
however not different from each other.

8 N ® o

Average ;
rage Weight (kg)

0.6mx09m 75mh075' Lomx1om
SpaClﬂg |

o

t there
observe ed tha
From Figur€ g5, it can tween the i ;
. > etwe ng an
h prumn egime (= =0.00%) 4
in weight of tuber under 1€ } oy infl
5 5|gmﬁcam y in uenced by
iaht O tubers
e [.age \\-6',5;
non-pruning activities veres er on lots WETC affected leaves were
hialer
. /as s1g Iﬁ aﬂt]y i
pruning. Corm weigh W i pr ning © LBD affected leaves
as
puninz
pruned compared when P eight (10.74 kg) than no pruning
saher velapc corm =
tly high

(8.96 kg).
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Lsd (5%)=1.424

Averag
age Wei
o) \nght (kg)
0
U

8.5 _ ,
ing ?.E::m

no prun
Pru

ning Activity

E.no:& 1o different pruning regimes

ive effect of spacing and pruning
t=]

From Fig
{ ela
on the yield of taro. there were 10 signi a_mo_m:nmm in the weight among the
m X Dﬂm momw Wmv and 0.6m *
9 kg, 10.82

g€ weight of 11.6

1.0m x I
, The averag

ing @
. 1.0m 0.75

0.6 m

planting distances
m * 0.75 m and

_um&:u
: pt from cach other under the

pruning activity- Ther¢

m spacing Wit

pruning was done- 1
ntly &m,m_.m:

pruning was also nOt 5ig

pruning.
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pared to wider spacing. The canopy structure of

the "
total leaf area damaged as com

the dispersal of sporangia (Brooks, 2005) Can
» 2005). C-anopy

the
crop also plays @ role in

structure i i
ure is such that using closer spacing sh

ortens the distance between plants

naia from plants to plants. P. colocasiae

” wil g y t

reported 10 be dis
y dispersal by shortening the

S )
porangia have been
|d assist in eas

ser spacing oY
air movement is also

and therefore clo
hich spores €2
d this favou

t. These may account fo

e development:
in closer spacing than in wider spacing.

y was hig
5), who reported that the spread of

ment of the pathogen (P.

distance over W
rs the develop

the canopy- a
r the

ased d! diseas

reduced within

C . . .
olocasiae) leading t© incre

y diseas€ severit

reason wh
findings s of B¢

pu was faster in closer

This also confirms the fi
S0 reportcd that wider spacing

leaf blight dis€as® [

spacing than wider spacing: L
d the

between and within 2

strawberries.

Pruning
incidence and severity 0
en prunlﬂg
i cidence d severity on plants that
in
€ severity of P.

findings in Figure
cantly
f ve in reducing th
of Holb €t al. (2009) that

pruning activity-
wa
§ Cercospord

. ates that

were |
e indiC JfirmS the
in dcvelOP“‘c"t 0

colocasiae O t
sig“iﬁ

pruning caused U"



d -0 il s :
epazeoides 1In black elderberry orchards. Pruning helps in reducing the
d therefore prevents the spread of the pathogen on the

inoculums on the field an
eading from one part of the plant to

field. It also prevents the pathogen from spr

ing also improve

s air circulation, thereby reducing relative

the other parts. Prun

humidity and build up of inoculums:
ing with spacing Was also observed 10 be more effective
o

Combining prun!
wed that

jsease. The result sho

than using methods S€
ing the severity of the

wider spacing combined with pruning

d to the nof pruni
se, where

disease as compare
nd severity of disea

luniﬁcant dl

ini incidence a

that there was no S '
m were combined with pruning,

the spacing of 1.0 ™ * 1.0

pacine © with n0 pruning shows that a good

mx1.0m and

ot different .
acing of 1.

was however n
t the same¢ result.

management system can . et almos
used with prome
d with

no pruning i
The 0.75m * O s
) . k et al-
pruning. According ©
circulatio
while spacing P ev
. 4on©

(Brooks, 2005) - A o 0
fTLBY o (1.0m¥
ensure good mana i
The experim®”
x 0.75m) produced .
Spacll‘lg

Tumuhimbis€ (201
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and 1 . . .

shoot yield per plant. Similarly, Misra et al. (2004) after evaluating the effect
of different spacing on the severity and yield of TLBD, observed that the yield per
y Spaced plots as compa

der spacing produces higher yield of

plant was higher in widel red to closely spaced plots

Sivan (1977) had carlier reported that wi

orms of taro.

marketable size €
1.0 m gave higher corm weight per plot,

acing of 1.0mX
d its combination with higher spac

Pruning alone an
igher corm weight per plots as compare

075 X 075 n‘l) al
t that pruning and higher SP2
re yield. The 1.0mx 1.0m

Though wider sp
ing (1.0 m x 1.0m and

d with the

cing as well as their

no pruning plots. It is eviden
e greater corm

combination increases corm

and 0.75 m x 0.75 M spacing when
at wider plant spacing
weight. Oga and yUmekwe (2016 b .
)l . ised totd pumber of 1
o flowering and maxi™e
J) whilst the pruned

its, weight

minimized days t© 50
mber

mber of flowers and nu

g and pruning ar very

of fruits.
ated !
" nt of TLBD there is

This research
that for e
important in ar° pro |
ropriat®

the need for the adOPtiO
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CHAPTER EIGHT

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS
y majority of taro farmers in the

The production activities employed b
:on on smaller pieces of lands (0.45 acres

include; cultivatl

Eastern region
nds or flood plains, under

to 1.44 acres)-
, and also planting

ing. Majority of the farmers

and on other farms mostly in the rainy

«th stagnant water than in

| the disease,

ral practices (pruning/rouging) to

gicides were

ry effectlve in managing the



(1.91) witl iri
h Birim South (1.09), Suhum/Kraboa/Coaltar (1.11)
. and

F .
anteakwa (1.21) having Jow severity SCOTeS.

| organism of TLBD was confirmed as Phytophthora colocasi
siae.

The causa
ng the P. colocasiae isolates

There were morphological variations amo

istricts pased 0

n the sporangial shape and mycelial

from the different d

growth characteristics.

vein colour, corm skin and

Jeaf surface,

he variations among the taro

Petiol
ontributed tot

£ the four [ocal accessions Was

orm shape ¢

WR0005) out ©
all th

flesh colour and €

e others were moderately

accessions. 0]
LBD:
of the improved exotic varieties

GA/TLBD/0007 and

colocasiae infection, in the

) identiﬁed to be the

s al

n the field-
n the field. The improved exotic

also susceptible t0
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gof 1.0mx 1.0 m was effective in reducing the incidence and

The spacin
severity of TLBD compared to the 0.75 m x 0.75 m and 0.6 m x0.9 m
spacing. Pruning activity educed the severity of the TLBD compared to
non-pruning activity. The combination of wider spacing (1.0mx 1.0 m

m X 0.75 m) and pr

uning reduced severity of the disease and

and 0.75

resulted in higher corm yield.
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RECOMMENDATION
It is therefore recommended that:

| rm.

The incidence an ver
en ity i
d severity in the other regions should also be
assessed t
(o]

determi i i
ermine the overall intensity of the disease in the count
untry.

3. Molecular me
thods should be used to confi
irm the identity of P
. colocasiae

as the causal organism of TLBD in th
e study area and to identi
identify genetic

variability.
4. There should be a nation i
. al breeding program to
come out with resi
sistant

varieties of Colocasiae esculenta against TLBD by crossing the i
mproved

s that were resistant to the TLBD with the local accession
s

exotic varietie
tolerant to the Sclerotium sp.

that were also
termine the efficacy of the selected

5. Field trials should be carried out to de

fungicides.
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APPENDICES

Appendix 1: P
assport Format Used for Germplasm Coll
ollection

1. Collection number...... 2. Acession N
e 20 on No:......
D
....... 4: .
. collector (s):......... 5. Date:........
. Country: ...... 7. o
Region:......... 8. District:.......
i e
................ 10. Precise locality:.......
T
ftute:r..ooovvnnnns 13. Longitute:....ocoeneeeee
14. Soil and Topography:........o..ee 15. Others.
16. Local name:......cooeeeeeeeee 17. Ethnic group:
18. Precipitation: less than 450mm-----, 551-650mm------ 651-900
) - mme---

more than 900mm
[9. Sample source: Field..... Garden.......: Farm store......... Market
Institution....--
20. Donor’s Name:....-o-- 21. Donor’s source: Oown....... Local
Market Others....---
2. Cultural pra ctices Rainfed Irrigated...........
Flooded..---+=** Transplanted----+""
3. Planting period:. oo 24, Harvesting period:....oeesesereee
25. Assocxated crop: Sole-ww Mixed With «ooeessememssrese

Uniform...--- LOW coeeeeees™ Medium.........-

---------
..........
.........

.....
.........
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29. Agronomic score: Very poor------ , Poor------ , Average------ , Good----—-
Very Good----
30. Remarks: (Materials, Uses, etc).
Appendix 2: Sex of respondents
Frequency Percent Valid Cumulative
Percent Percent
Female 52 24.8 24.8 24.8
Total 210 100.0 100.0
Appendix 3: Age of respondents : :
Frequency Percent Valid Cumulative
Percent Percent
2.9 2.9
.29 6 2.9
5839 51 24.3 24.8 27.7
40-49 58 27.6 28.2 55.8
50-59 35 16.7 17.0 gég
70-79 19 90 9.2 :
20-89 4 1.9 1.9 100.0
Total 206 98.1 100.0
. 4 1.9
Missing System 210 1000
Total
tion
.. 4. Highest Jevel of educa .
AP pendlx 4: Hight nc Percent Valid Cumulative
Freq)lll © Percent Percent
no formal education 30 14.3 16.0 314
mary cation , 5 5 31.9
pri literscy
adul 476 53.2 85.1
. education 100 105 11.7 96.8
SHS/O Lev (AngC/
diploma/ce™
teaCher) 183



2 1.0 1.1 100.0

tertiary
o Total 188 89.5 100.0
Missin System 22 10.5
g
Total 210 100.0
Appendix 5: Topography of site
Frequency Percent Valid Cumulative
Percent Percent
valleys 55 26.2 36.7 36.7
flat 92 43.8 61.3 98.0
valid land/plains
hills/high 3 14 2.0 100.0
lands
Total 150 71.4 100.0
Missing System 60 28.6
Total 210 100.0
ota
. ised
s e of cropping system practise
—I}fppendlx 6: The typ e equency Percent Valid Cumulative
Percent Percent
— : 128 61.0 64.6 64.6
mf)nc;C"OPP'"g sg 276 29.3 93.9
mixe
valid cropping 12 5.7 6.1 1000
inter cropping 108 94.3 100.0
TOtaI 12 5.7
Missing System 2]0 ]000

M

f planting material :
Valid Cumulative
Percent Percent
41.9 41.9
18.6 60.5
36.2 96.7

farmers 184



from the wild 5 2.4

. 2.4
buy them 2 1.0 1.0 1(9)38
Total 210 100.0 100.0 '

Appendix 8: The mode of planting

Frequency Percent Valid Cumulative
Percent Percent
row 24 11.4 11.9 11.9
valid  scattered 178 84.8 88.1 100-0
Total 202 96.2 100.0
Missing System 8 3.8
Total 210 100.0
Appendix 9 Farmers’ response to the observation of TLBD on
their farm
Frequency Percent Valid Cumulative
Percent Percent
184 87.6 91.1 91.1
yes
. 18 8.6 8.9 100.0
no
Valld 202 96.2 ]00.0
Total
8 3.8
Missing System
210 100.0

Total

jsease is severe
Cumulative
Percent

art of farm where d
valid

Percent

185



marshy  area  with 47 224 29.9 29.9

flowing water

marshy area with 95 452
valid  stagnant water : 60.5 90.4
upland/dry land 8 38 51
4 ' - 95.5
7 3.3 4.5 100.0
Total 157 74.8 100.0
Missing System 53 25.2
210 100.0

Total

Appendix 11.Response of farmers of the taro crop area attacked by the

disease
Frequency Percent Valid Cumulative
Percent Percent
the whole 75 35.7 75.8 75.8
farm
3/4 of the 12 5.7 12.1 87.9
. farm 61
1/4 of farm 5 24 . 99.0
10.00 1 . 1.0 100.0
To'ta, 99 47.1 100.0
) 111 52.9
"I;'Alts:lmg Sy 210 100.0
o
idespread nature of the disease in their
Appendix {2: Farmer’s responses of the WideSP
ali - cy Percent Valid Cumulative
lof Frequency Percent Percent
i m
everybOd)’ n
[ocality is af’ ected e 16 7.6 8.5 83.0
nly fov people 32 86.2
affected close 6 2.9 : :
valid  only meand % 48 91.0
(o me 3 affect 9 4.3 : :
farm that !

ted
affec 186



gggg(')t:%? '?{,gnybody E 16 7.6 8.5 99.5
11\:’101ts;:lmg System 22 10:5 100.0
210 100.0

Appendix 13: Attempted controlling the TLB disease
Frequency Percent Valid Cumulative
Percent Percent
Vi yes 53 25.2 26.4 26.4
alid 1o 148 705 73.6 100.0
~ Toul 201 957 100.0 '
Missing System 9 4.3
Total 210 100.0

ponses on the Use of pesticide to control

Appendix 14: Farmers res
TLB
Frequency Percent Valid Cumulative
Percent Percent
yes 32 15.2 18.3 18.3
Valid no 143 68.1 81.7 100.0
Total 175 83.3 100.0
Missing System 35 167
Total 210 100.0
A dix 15: Farmers response on the types of pesticides used
App = Frequency Percent Valid Cumulative
Percent Percent
—_ — 183 87.1 87.1 37,1
1 5 S 87.6
Actellic, Dursban, | 5 5 28 1
Akati Master 1 5 S5 88.6
Karate 1 5 5 89.0
carbodan 1 5 S 89.5
) Conques 1 5 S 90.0
OH 1 5 2 90.5
dursban y) 1.0 1 g g: .g
dursban 1 5 p o
5 . 2.4
pursba ] .
Jon't reme b

187



Don't remember i 5
fertilizer I -5 5 92.9
fungicide . '5 .5 933
funguran-OH ) | '0 1 5 93.8
it will help me feed my 1 '5 0 94.8
family . .5 95.2
Karate
karate % : 8 1.0 96.2
Lambda : '5 1.0 97.1
no idea I P S 97.6
poison ) ] :0 l (5) 98.1
sumpyrifos 1 s p 99.0
sunhalothin I 5 -5 99.5
Total 210100, ' 100.0
.0 100.0
Appendix 16: Response on the Frequency of pesticides application
o Frequency Percent Valid Cumulative
Percent Percent
T as and when the disease 23 11.0 74.2 74.2
appears o .
i month 4 . . 87.1
valid ~more than I:)tli;ce a ) o 122 871
gniela mo 31 14.8 100.0
ota
179 85.2
Missing Syt 510 100.0
Total
o i f pesticides
.17 se on the effectiveness O : .
AppendiX 17; RespoZ Percent Valid Cumulative
2 Frequency Percent Percent
82.4 82.4 82.4
2 . 1 S5 g B8
a bit effectivé . 1 5 . :
it was not effective @ . s
3 . .
valid 3! 77 5 88.1
© ; ; 9.0 9.0 97.1
not effectt™ 9 o 1.0 98.1
t effectlve 2 .

n .



Somehow 1 5 5 98.6
was not effective 1 5 5 99.0
Wasn't effective 1 5 5 99 5
yes I S5 5 100.0
Total 210 100.0 100.0
Appendix 18: Responses on the use of Roguing/prunned affected plants
Frequency Percent Valid Cumulative Percent
Percent
' yes 56 26.7 37.3 37.3
R S s T4 1000 1000
ota . .
Missing System 60 28.6
Total 210 100.0
Appendix 19: Frequency of How often do you rogue/prunne affectcd plant
Frequency Percent Valid Cumulative
Percent Percent
as and when the disease 54 25.7 96.4 96.4
appears ) 1 5 1.8 98.2
valid  during harvesting I 5 1.8 100.0
once]a month 56 26.7 100.0
Tota
154 73.3
Missing System 210  100.0
Total
; prunning
. . tiveness of roguing o Valid P t C lati
endix 20: effec percent  Valid Percen umulative
App—" Frequency Percent
%0 71.4 71.4 71.4
— ! I 5 2 71.9
. 5 72.4
ve 3 .
not effect! : s 5 72.9
5 73.
did not WOr : p 1.0 73
ther make it WOrse 2 19 5 74.
l: ijas it effec,tive ! g 5 75.2
valid ;t was not effective 1 ‘
: some 5 75.7
i ‘ 2 1.0 76.7
ect1ve 0 : :
eff 2 ' 5 5 77.1
n 1 ‘
no .
t effectlve
no 189



not at all I 5
not effective 30 ' S 77.6
Not effective 11 59 y 91.9
NOT EFFECTIVE I s 32 97.1
NOT EFFECTIVE AT I s 3 97.6
ALL ' 3 98.1
not so effective 1 5
Very effective 1 s 3 98.6
wasnt effective 2 ' 3 99.0
Total 1.0 1.0 100.0
o 210 100.0 100.0 ’
Appendix 21: Analysis of variance of severity of TLBD
Variate: Severity
Source of variation d.f. s.S. m.s. vr. Fpr
Season 101.6263 101 6263 102.07 <.001
District 103.5756 11.5084 11.56 <.001
Season.District 58.5054 6.5006 6.53 <.001
Residual 1780 1772.2068 0.9956
Total 1799 20359141
Appendix 22: Analysis of variance of Length of pedicel of isolates
Variate: Pedicel_Leng’th
d.f s.S. m.s. vr. Fpr
Source of variation P 273.36 30374 1125 <001
District 20 54.000 2.700
Residual 29 327.367
Total
. length of isolates
. alysis of yariance sporangia 17
Appendi¥ 23: An
. ngia length
Variate: Sporafie™— .S m.s. v.r FO;())r.
d.f. . 206.8 637 <.001
riation 186147
sOurc.:e of va 20 649.33 32.47
Distrlct
Residual 25]0.80

otal
T 190



Analysis of variance of sporangia width of isolates

Appendix 24:
Variate: Sporangia_width
Source of variation d.f. s.S
urc .f. .S. m.s. L.
District 9 214.133 23.793 2v4r] OFozg
Residual 20 197.333 9867
29 411.467

Total

Appendix 25: Analysis of variance of colony diameter of isolates

Variate: Mean_Colony_Diameter_cm

Source of variation d.f. s.S. m.s. vor. Fopr
Isolates 9 1.28625 0.14292 2.15 0.057
Residual 30 1.99750 0.06658

Total 39 3.28375

Appendix 26: Analysis of variance of the effect of temperature on growth of

P. colocasiae

__Colony__Diameter_cm

Variate: Mean
iati S.S- m.s. vor. Fpr.
Source of variation d.f. 103.46240 25.36960 s B
Temperature. o0 092800 0.04640
Residuz] 104.39040
Total 24
f Jesion diameter of accessions
ix 27: lysis of yariance 0
Appendix 27: Ana
jameter
Variate: Mean Lesion Diameter_l Mean__LeSlOH_D'
ariate: _ _
m.S. V.I. Fpr
ati d.f. s.S-
Source of yariation 4 s . ,
Plant number stratum
its* stratu™ g 37504 1421 <001
Plant/number,*Umts 0 75 ? ggg 1504
Gemplasm 80 2110.
Residual » 7519
T otal
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pen .
p p

Variate RadialﬁGrowt

Source of variation df.
Fungiclde 5
Treatment_PP™ 4
Fungic! e.Treat ent_ppm 20
Residud 420
Total 449

Ap
compo Initial Eigenvalues Extraction Sums of Squared
0, L .
nent Total Va/o' of cume °oadmgs
] > riance e% Total Va/o' of | Cume
— - riance 0
) - .037 23.037 2304 23.037 =
. 17. | >
: o 739 40.776  1.774 17.739 _
. 15. | -
) - 538 56.314  1.554 15.538 5 9
| | . 6.31
5 0.732 67.046  1.073 10.732 67.0 4
. .04
6 971 9.706 76.752 6
7 .654 6.538 83.289
609 6.092 89381
8
433 4334 93.715
9
.376 3.759 97.474
10
253 2.526 100.000
—
A,l’Pendlx Analysis of variancé of radial growth of P. colocasiae on
s of fungicides

S.S. m.S. v.I. F pr
704.366 140.873 2451 <001
106.870 6717 465 0001
158.405 7020 138 0128
2413.701 5.747 v
3383.341
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Appendix 30:

Variate: Percentage_inhibition

IS_ourcc: of variation df

'Llngicides s S.S. n.s.

Residual 5 50503.9 10100.8 9 v, Fopr.

Total 84 9374.6 1135 0.51 <.001
89 59878.5 '

Appendix 31: . :
ppendix 31: Analysis of variance of the effect of pruning and spaci
=3 cing on

corm yield

Variate: Yield kg

Source of variation d.f. (m.v.) 5,5 m.s

spacing 2 133.28 66.64 2V3'2 OF e
prun.mg | 172.59 172.59 6.12 08(1)1
spacsmg.mwﬂng 2 1.20 0.60 0.02 0.
Residual 209 (1) 589143 28.19 ' o7
Total 14 (1) 619510

jance of the effect of pruning and spacing on

ix 32: Analysis of var

Append
severity of TLBD
Variate: AverageHSeverity
gource of yariation d.f. 5.5 m.s. vr. Fpr.
Rep stratum 2 9.3356 4.6678  13.91
o gtratum
Rep..*Umts stra 2 13.8148 6.9074  20.59 <.001
spacing 1 27.8067 27.8067 8288 <.001
prun.lﬂg ) 2 1.8148 0.9074 2.70 0.069
spaClng-Pr““mg 08 697824 0.3355
Residual
215 122.5544
Total
193
_.FYOFCAPEGOAST



Appendix 33: Analysis
incidence

Variate: incidence

Source of variation

rep stratum
rep.*Units* stratum
Spacing

Pruning
Spacing.Pruning
Residual

Total

of vari

d.f.

»N

NN —

S.S.
6550.9
2384.3
7233.8

439.8
26643.5

432523

194

ance of the effect of prunin

3275.5

1192.1
7233.8
219.9
579.2

g and spacing on

vr. Fpr
5.66
2.06 0.139

12.49 <.001
0.38 0.686



