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ABSTRACT

A field survey was conducted in 2011/2012 cropping season in three selected rice
growing districts comprising 13 communities to assess the quality of farmer-saved
rice seeds and farmers’ perception of seed-borne diseases of rice. Majority of
smallholder rice farmers in Ashanti Region of Ghana (71 %) saved their own seeds
for planting. Few farmers (12%) followed proper storage practices for the seeds which
were stored under ambient conditions in nylon fertilizer bags, jute sacks and black
polyethylene bags, which were not treated against insect pests. The study also revealed
that none of the seed samples was free from seed-borne pathogens and saprophytic
fungi. Twenty fungal species comprising 16 pathogens and four saprophytes were
identified on seed samples from the three districts. The most prevalent seed-borne
pathogenic fungi identified were Bipolaris oryzae, Fusarium verticillioides,
F.oxysporum, Curvularia lunata and Cercospora sp. while Aspergillus flavus,
A.niger, Rhizopus sp. and Penicillium sp. were the most prevalent saprophytes.
Efficacy of aqueous extracts of ginger (Zingiber officinale), hot pepper (Capsicum
frutescens) and lemongrass (Cymbopogon citratus) prepared at a concentration of
1g/ml for the management of seed-borne pathogens was studied. The aqueous extracts
of ginger, pepper and lemongrass were found to be

significantly effective in reducing infection levels of seeds. Ginger extract was the most

effective.
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CHAPTERONE

INTRODUCTION
Rice (Oryza sativa L.) is the grain with the second highest worldwide production after
maize (Boumas, 1985). The domesticated rice comprises two species of food crop in the
Poaceae (“true grass”) family: Oryza sativa and Oryza glaberrima (Linscombe,
2006). These plants are native to Tropical and Subtropical Southern Asia and

Southeastern Africa, respectively (Linares, 2002).

A vast majority of the people in the world consumes rice and it is the second most
important cereal in the world today and provides, together with wheat, a large proportion
(95 %) of the total nourishment of the world’s population. It is the daily food for over
1.5 billion people (Boumas, 1985). The reason for it being so popular is that it is easily
digested. Rice occupies a conspicuous position in the world’s agrobased economy being
the most important food crop that provides considerable calories of energy for more
people than any other crop. It accounts for 23 % of the world’s supply of calories (FAO,

2005).

Among the major cereals cultivated, rice is the most rapidly growing food source in
Africa: between 1985 and 2003, the annual increase in rice production was four percent,
while production growth for maize and sorghum was only about 2.4 and2.5 percent,
respectively (Kormawa et al., 2004).1t is estimated that Africa produced an average of
14.6 million tonnes of rough rice per year on 7.3 million hectares between

1989 and 1996 (Traore, 2005).Available data from the Ministry of Food and Agriculture
(MoFA) reveal that whilst the estimated national rice consumption stands at 561,400
metric tonnes per year, rice produced locally is 107,900 metric tonnes per year, leaving

a gap of 453,500 metric tonnes per year, which has to be imported (Public Agenda,



2009).With a population growth rate of 2.5% and an annual rice demand growth rate of
8.9 %, a supply of 1.6 million tonnes of rice will be needed annually in Ghana by

2015.The country, therefore, has to make serious efforts to increase its production.

Despite these production levels, rice production, however, is affected by production
constraints worldwide. Some of the major constraints include unavailability of good
quality varieties that are preferred by majority of Ghanaian rice farmers, labour intensity
in rice farming, lack of appropriate implements and equipment and weeds infestation.
In addition, diseases and pests constitute major constraints to rice production
worldwide, Ghana inclusive. Diseases and pests, notably blast, brown spot, sheath blight
and bakanae reduce yields significantly in most producing areas in the world and in
Ghana. In the field, rice suffers from so many diseases, but the major ones are blast and
brown spot. Together with brown spot caused by Bipolaris oryzae, blast disease has
again been recently listed as one of the serious constraints to rice production in Ghana
(Gerken et al., 2001). This suggests the need for improved management of blast and
brown spot diseases in Ghana if the target set for rice production is to be achieved. Blast
can cause losses which are estimated at 11to 30 %, while yield losses caused by brown
spot can be as high as 10 to 50 %. Worldwide crop losses caused by bakanae disease
may also be as high as 20 % in epidemic cases. All these constraints are prevalent in
Ghana. In the West African sub-region, blast is recognized as a primary constraint to

rice production causing 3.2-77 % yield losses (Fomba and Taylor, 1994).

Importantly, all or several diseases of rice are seed-borne and seed transmitted and it is
recorded that majority of rice farmers use their own saved seeds which may carry a
number of important seed-borne pathogens. In Ghana, transmission of diseases could
be very high because very few farmers control diseases and most farmers use their own

saved seeds for production. Thus, this can contribute to high levels of diseases on the



field with resultant high yield losses. High disease pressures and high yield losses are
common in systems when farmers do not control diseases and also depend on their saved
seeds.

This study was, therefore, conducted to identify the important seed-borne pathogens of
rice in some of the major producing areas and develop appropriate control measures to
reduce seed-borne pathogens. Controlling seed-borne pathogens would contribute to a

reduction in field diseases. This will in turn contribute to improved yields.

The main objective of this study was to identify seed-borne fungal pathogens of rice
from inland valleys in major rice producing communities in Ashanti Region of Ghana,
farmers’ perception and practices, and develop appropriate control measures to reduce

these seed-borne fungal pathogens. The specific objectives were:

Q) to determine farmers’ perception about seed-borne fungal diseases, farmers’
knowledge and practices, the storage conditions and practices employed in
the storage of farmer-saved rice seeds and sources of seeds available to
smallholder rice farmers.

(i) identify seed-borne fungi of rice in three selected rice growing districts of
Ashanti Region

(iii)  todevelop appropriate and effective control measure against seed-borne fungi
using botanicals

(iv)  to determine the effects of treatments on germination of rice seeds.
CHAPTER TWO



LITERATURE REVIEW

2.1 Importance of rice

Rice is the primary food for half the people in the world, and in many regions, it is eaten
with every meal. It has been an important food commodity for most people in sub-
Saharan Africa, particularly, West Africa. The consumption of cereals mainly, sorghum
and millet has decreased from 61 % in 1970’s to 49 % in 1990’s while that of rice has
increased from 15-26 % over the same period (Rosegrant et al., 2002). Calpe (2002)
described rice as a major staple food for the rural population, and mainly cultivated by
small-scale farmers in holdings of less than 1 ha. Fageria et al. (2003) reported that, rice
is that main source of 35-60 % dietary calories consumed by more than 3 billion people
and probably the most versatile crop. It is central to the food security of over half the

world’s population.

Rice is now a major staple food for millions of people in West Africa (Basorun, 2003).
Africa’s emergence as a big rice importer is explained by the fact that during the last
decade, rice has become the most rapidly growing food source in sub-Saharan Africa
(Sohl, 2005). Rapid population growth at 2.6 % per annum, increasing urbanization and
the relative ease of preservation and cooking have influenced the growing trend in rice
consumption. It is utilized mostly at the household level, where it is consumed as boiled
or fried or ground rice with stew or soup. The complex carbohydrate in rice digests
slowly, allowing the body to utilize the energy released over a long period which is

nutritionally efficient (Ebuehi and Oyewole, 2007).

When processed and flavoured with grain concentrates, rice straw may be fed to farm

animals (Xian-Xiang, 1991). Rice is easy to prepare, compared to other traditional



cereals, thereby reducing the chore of food preparation and fitting more easily in the

urban lifestyles of rich and poor alike (Chaudhary et al., 1999).

An estimated 4.4 million hectares are under rice cultivation in West Africa (Somado et
al., 2008). Total rice paddy production in the sub-region is estimated to be about 6.2
million metric tonnes (Anon., 2008). Nonetheless, the stability in rice prices and rice
production is desirable while food security is still a major concern for rice importing

nations in the region (Defoer et al., 2003).

2.2 Rice production levels in West Africa

Out of the vast available areas, West Africa has the largest planted rice area of about 4.1
million hectares. Africa’s emergence as a big rice importer is explained by the fact that
during the last decade rice has become the most rapidly growing food source in sub-
Saharan Africa (Sohl, 2005).Subsistence rice production in Sub Sahara Africa (SSA)
thus, characterized by low external input, low yields, food insecurity, nutrient mining
and environmental degradation (Mafongoya et al., 2006; Rhodes, 1995; Stoorvogel et

al., 1993).

In West Africa, where the rice sector is the most important in Sub-Saharan Africa, the
situation is particularly critical. Despite the upward trends in international and domestic
rice prices, domestic rice consumption is increasing at a rate of 8 % per annum,
surpassing domestic rice production growth rates of 6 % per annum. The production-
consumption gap in this region is being filled by imports, valued at over

US$1.4 billion per year. The share of imports in consumption rose from an average of
43 % from 1991 to 2000, to an average 57 % by 2002-2004 (WARDA, 2005). The Food
and Agriculture Organization (FAO) estimated in 2006 that, current rice imports into

the West and Central African sub-region had grown to more than 6 million tonnes,



costing over $1 billion in scarce foreign exchange each year. The cost of importing rice

therefore remains a heavy burden on trade balances in the region.

2.3 Rice production in Ghana

Urbanization appears to be the most important cause of the shift in consumer preferences
towards rice in Ghana. About 90 % of Ghana’s rice is produced in the lowland and
hydromorphic ecologies (Otoo, 1994). However, the lowland system is more dominant
due to the erratic rainfall regimes of northern Ghana. The demand for rice in Ghana has
been soaring and was partly as result of increasing population growth, increased income
levels, rapid urbanization and associated changes in family occupational structures.
While rice is very much a cash crop for small-to mediumscale farmers in some
countries, it is more of a subsistence crop in the Northern Region of Ghana where most

of the rice is produced.

In Ghana, 75 % of the total production of rice in 1999/2003 was from upland,
hydromorphic and lowland ecosystems (SRID-MOFA, 2007). Between 1989 and 1996,
there was a steady increase in rice production at the rate of 13% per annum due to area
expansion and yield increase from 0.9 to 2.4 kg/ha (MOFA, 2009). Total domestic
production of milled rice in 2007 was 111,000 metric tonnes and the production
available for human consumption was 89,000metric tonnes (SRID-MOFA, 2007).
Estimated national consumption of milled rice in 2007 was 335,000 metric tonnes, and
this was calculated based on the 2000 census of population of 18.9million and a growth
rate of 2.7 % (SRID-MOFA, 2007). In the Government’s bid to compensate for the
deficit, it was estimated that US$ 500 million was spent on the importation of rice into
the country in 2007 though about 200,000 metric tonnes also came in as food aid in the

same year (MOFA- SRID, 2007).



In Ghana, the total rice consumption in 2005 amounted to about 500,000 metric tonnes
which is equivalent to per capital consumption of 22 kg per person (Tomlins et al.,
2005). Irrigated rice yields in Ghana are known to vary from 3.5 t/ha to 7 t/ha with an

average yield of 4.6 t/ha on formal irrigation schemes (FAO, 2005).

Despite the increases in rice production, importation of rice continues to increase
reaching the tune of $200 million per annum. Ghana depends largely on imported rice
to make up the deficit in rice supply. The self-sufficiency ratio of rice in Ghana has
declined from 38 % in 1999 to 24 % in 2006 (Andriesse and Fresco, 1991). It is the
government’s objective to reduce rice importation by 30% by increasing local

production.

2.4 Global economic importance of rice

About 800 million people are suffering from malnourishment and hunger worldwide,
thus creating the need for a sustainable increase in rice production to improve global
food security and contribute to poverty alleviation (Badawi, 2004). In countries where
rice is the staple food, it plays a very important part in food security and socioeconomic
development. Rice cultivation is the principal activity and source of income for millions
of households around the globe, and several countries of Asia and Africa are highly
dependent on rice as a source of foreign exchange earnings and government revenue
(IRRI, 2009). Additionally, rice crop vitality can be seen in its nutrition to much of the
population in Asia, Latin America and the Caribbean, and Africa. Rice is, therefore
considered a strategic commodity in many countries and is, consequently, subject to a
wide range of government controls and interventions

(Calpe, 2002).
Rice has been playing a very important role in economic, politic and social aspects in

everyday life in many African countries. Rice is the staple food of a growing number of



people in sub-Sahara Africa and from 1961 to 2003 consumption increased at a rate of

4.4 % per year (Kormawa et al., 2004).

2.5 Economic importance of rice in Ghana

Rice is estimated to contribute 15 % of the agricultural gross domestic product (AGDP)
of Ghana and covers 45 % of all area planted to cereals. This sector of agriculture
provides employment for a lot of rural dwellers. Imported rice is estimated to account
for more than 50 % of all rice consumed in the country (Berisavljevic et al., 2003).

Local production of rice hardly meets the annual demand of Ghana (Takoradi, 2008).

In the Vision 2020 perspective plan of Ghana, rice production is expected to play a key
role in achieving national food security, alleviating rural poverty and contributing to the
overall economy through import substitution and conservation of foreign exchange.
According to the Millennium Development Authority on economic growth and poverty
reduction (MOFA, 2005), rice accounts for nearly 13% of total cereal consumption in

Ghana.

2.6 Sources of seeds to smallholder farmers

Of all farm inputs, high quality adapted seeds and planting materials exert the most
profound influence on agricultural productivity. A wider appreciation of the importance
of quality seeds and their crucial role in agricultural and, thus, human development
cannot be over-emphasized (Lanteri and Quagliotti, 1997; Cromwell et al., 1993).
However, most farmers in sub-Saharan Africa do not buy seeds. They save their own or
trade with other farmers. The major reasons assigned to this situation are agronomic and
economic in that the saved variety is the best suited to the local soil and climate and it
saves money (Anon., 2001). Clottey et al. (2009) conducted a survey on some tomato

farmers in Ghana that revealed some farmers do not realize the economic benefit of



investing in good seed, since the fruit prices on the market are the same irrespective of
seed quality. Thus, making farmer-saved and farmer-traded seed to be the dominant
source of seed for 80-90 % of farmers in sub-Saharan Africa (Walkeret al., 1997 and

Almekinders et al., 1994).

2.7 Constraints to rice production

Since 1990, rice production has increased at a lower rate than the population. This
deceleration in the growth of rice production is a cause for concern in terms of world
food security. Demand for rice in West Africa has been growing at the rate of 6 % per
year since 1973 (Nwanza, 1996). Increased consumption is due both to population
growth and to the increased proportion of rice in the West African diet. In an attempt to
keep pace with demands, production of rice in West Africa has been expanding rapidly,

growing at 5.1 % per year, faster than any of the other principal staple food crops.

Despite the growth in regional production already achieved, imports of rice have grown
at the alarming rate, averaging 9 % a year for two decades. However, since 1995,
international rice prices have declined markedly (Calpe, 2003), while prices of
production inputs such as fertilizers, other agro-chemicals, labour, fuel, and rice
machinery and equipment either increased or at best remained unchanged. These factors
have led to an increase in production costs and subsequently, a sharp reduction in the
return from rice production. This has been one of the major causes of poverty and

hardship for many small farmers in developing countries.

As a low-input system, upland ecosystems tend to not use fertilizer and rely solely on
rain. Under these conditions, diseases are considered a major problem as well. Early
maturing progenies from interspecific crosses between Oryza glaberrima and O. sativa,

named New Rice for Africa (NERICA), will give farmers the chance to grow rice in



areas having limited rainfall. By using fertilizer and controlling pests, lowland areas
have the potential to produce far greater yields than the upland ecosystem (WARDA,
1993).Unlike more developed regions of the world, insects and diseases result in a larger

drain on rice yields and the problems may persist longer.

Weed competition remains the most outstanding yield-reducing factor, followed by rice
blast caused by Pyricularia oryzae Cav., soil acidity and general soil infertility. Heavy
weed competition may lead to total crop failure. Barnyard grass (Echinochloa crus-galli
L.) is the dominant weed in lowland rice production. With the increased adoption of
direct seeding methods, weedy rice (Oryza sp.) has become another major weed in rice

production (Ferrero, 2003; Pulver and Nguyen, 1999; Catal a, 1995).

Virmani (1979) reported iron toxicity exists in many West African countries, including
Benin, Burkina Faso, Cote d’Ivoire, Liberia, Nigeria, Senegal and Sierra Leone where
yield losses resulting from toxicity range from 12 to 88 %. Where nontolerant lines are

grown in such conditions, total crop failure may result.

2.8 Diseases affecting rice production

Diseases and their impact on rice production have increased in importance over time.
Rice production is affected by diseases through reduction in yield caused by viral,
bacterial and fungal pathogens attack. Most of the major diseases of rice are seedborne
(Fakir et al., 2002). Rice suffers from more than 60 different diseases (Ou,

1985).
Seed-borne diseases cause enormous losses to our crop (Fakir et al., 2002). Most of the

diseases of rice are carried though seed and cause enormous losses to the crop.
Fungi, including Alternaria alternata (fr.) Keissl, A. padwickii (Ganguly) Ellis,

Aspergillus niger, Curvularia oryzae (Bugnic.), C. lunata Wakker) Boedijn.,
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Drechslera oryzae (Breda de Haan) Shoem., Fusarium verticillioides (teleomorph
Gibberella moniliformis), F. semitectum, F. oxysporum f. sp. cubense (Foc), F. solani
f. sp. pisi, Pyricularia oryzae Cav.and species of Phoma,Cercospora, Chaetomium,
Sclerotium, Penicillium, Myrothecium and Colletotrichum have been isolated from
seeds of different varieties of rice (Javaid et al., 2002; Wahid et al., 2001). About

10% vyield loss of rice may be incurred annually due to theseseed-borne diseases.
According to Nsemwa and Wolffhechel (1999), Agarwal et al. (1989) and Dharam Vir
et al. (1971), the most important and widely distributed seed-borne fungal diseases of
rice are blast (Pyricularia oryzae), brown spot (Bipolaris oryzae), bakanae (Fusarium
verticillioides) and stackburn disease (Alternaria padwickit).

Rice blast is the most serious disease found in the extensive rice areas of Latin
America, Africa, and Southeast Asia and is a worldwide problem in rice production.
Rice blast disease is a significant constraint to global food security and agricultural trade
(Leong, 2004). Blast can affect all stages of crop growth and any organ of the plant such
as leaf, sheath, neck, panicle, rachis, stem node and grains. Reported yield losses range
from 40 — 75 % and highest losses occur when infection occurs at young or flowering

stages.

In the West African sub-region, blast is recognized as a primary constraint to rice
production, causing 3.2-77.0 % yield losses (Fomba and Taylor, 1994). In Ghana, rice
production is constrained by a number of biotic factors including diseases such as blast,
brown spot, bakanae, stackburns, narrow leaf spot and false smut. The most prevalent
among these diseases are blast and brown spot. Rice blast was listed as an important
disease in Ghana by Clerk (1974) and Oduro (2000). Various reports by

Twumasi (1996, 1998), Twumasi and Adu-Tutu (1995), Nutsugah (1997 a, b) and

Nutsugah and Twumasi (2001) have identified the blast disease of rice as a serious threat
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to rice production in Ghana. Together with brown spot, blast disease has been listed as

one of the serious constraints to rice production in the country (Gerken et al. 2001).

Brown spot has also been reported in all rice-growing areas in the world. It is especially
common in rainfed (Singh and Singh, 2000) and upland areas (Gupta and O’Toole,
1986). Brown spot has been historically largely ignored as one of the most common and
most damaging rice diseases. Yet, the fact that brown spot is the “poor rice farmer’
disease (Zadoks, 2002) anywhere the crop encounters drought, macronutrient deficiency
(Ou, 1985), or both, actually tells much more of the importance of the disease. The
disease can occur at all crop development stages. The disease causes seedling blight,
with small, circular, yellow brown or brown lesions that may girdle the coleoptile and
distort primary and secondary leaves (Webster and Gunnell, 1992). Brown spot causes
both quantitative and qualitative losses. Surveys showed that brown spot causes a 5%
yield loss across all lowland rice production in South and Southeast Asia (Savary et al.,

2000).

2.9 Seed-borne fungal pathogens of rice

Seed lot certification is an important requirement in the seed industry because of the
effects of seed quality on crop yield (Singh and Maheshwari, 2001; Kumar et al., 2004).
High quality seed enhances the raising of healthy plants and establishment of optimal
plant population in the field (Doijoe, 1988).

About 20 species of fungal pathogens are detected on rice seed at any one time (Mew et
al., 2002). Several seed-borne fungal pathogens such as B. oryzae, A. padwickii, F.
verticillioides, F. pallidoroseum, M. oryzae, and Sarocladium oryzae have been isolated
from rice seeds. These pathogens caused lower germination of seeds and transmitted

diseases from seed to rice plants (Huynh et al., 2001). Marthur and Neergaard (1970)
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reported that a myriad of seed-borne fungi that caused serious diseases of rice in
nurseries, fields and storage are seed-borne. Other fungal pathogens of rice include:
Alternaria padwickii, Curvularia lunata, Fusarium verticillioides and Cladosporum sp.
(Bankole, 1996). Mehrota and Agarwal (2003) reported that these fungi could retard
seed germination through softening and necrosis of tissues. They have also been found
to be associated with seed viability, wilting of plants and stem flaccidity. Fusarium
oxysporum causes root rot while Alternaria padwickii causes

Stackburn of rice. Conversely, storage fungi such as Aspergillus flavus and
Aspergillus nigerare not pathogenic (Bankole, 1996; Harman and Pfleger, 1974; Kulik,
1973) and, therefore, have no effect on germination of the seeds. However, they are
associated with damaged seed. Agarwal and Sinclair (1995) regard these fungi as

storage fungi that can be involved in deterioration during storage.

Seed-borne fungi are of considerable importance due to their influence on the overall
health, germination and final crop stand in the field (Agarwal, 1981). The infected seeds
may fail to germinate, or transmit disease from seed to seedling and/or from seedling to
growing plant (Fakir et al., 2002). The presence of disease pathogens on seeds is also

one of the causes of low seed viability (Elias et al., 2004; Bewley and Black, 1994).

According to Anjorin and Mohammed (2009), the effects of fungi on seeds include poor
germination, less vigorous seedlings and low yield. However, the effect of seedborne
pathogen on seed and seedling production can go unnoticed until extreme germination

failures have occurred (Epners, 1964).

In terms of seed health, Hemanth et al. (2007) revealed that farmers’ saved paddy,
sorghum and cowpea seeds were of poor health status, because the seeds were infected

with 28 different genera of fungi. The storage structure was implicated as a major factor
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responsible for the prevalence of the seed mycoflora (Hemanth et al., 2007). In Ghana,
about 25 % of farmers attributed poor field germination of cowpea to poor seed quality
(Walker et al., 1997). Similarly, the poor field germination of rice was attributed to the
quality of farmer-saved seeds (Haque et al., 2007). Mew et al. (1994) reported that the

use of good quality seeds can lead to a yield increase of 520%.

2.10 Control of seed-borne fungal diseases of rice

Rice is one of the world’s most important cereal crops and its protection from disease is
vital to the many millions dependent on it as their staple food. However, with increasing
demand for world rice supplies, there has been awakening interest to maximize
production using improved varieties, high fertilizer application and other intensive
cultural practices. High cultural regimes, therefore, have led to a great increase in the

occurrence and severity of diseases affecting it in several countries.

Rice is subject to several destructive diseases. Therefore, dependence on host
resistance alone has been found to be unreliable and disappointing. Chemical control
offers greater promise and constitutes an important weapon in reducing crop losses
caused by rice diseases. Seed treatment is the safest and the cheapest way of control of
seed-borne fungal diseases and to prevent biodeterioration of grains (Bagga and
Sharma, 2006; Chandler, 2005). Agarwal et al. (1989) and De Waard et al.(1993)
suggested disease management through seed treatments as an integral component of rice
crop production to avoid unacceptable crop losses and also to meet the challenge posed
by feeding the growing world population. De Waard et al. (1993), Bateman et al. (1986)
and Dharam Vir et al. (1971) have reported the use of fungicides in controlling seed-

borne diseases of rice.
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2.11 Use of botanicals and chemicals in controlling seed-borne fungal diseases

Seed-borne fungal pathogens of rice are of major importance and promote substantial
losses (Agarwal et al., 1989).Fungal diseases are known to cause great damage all over
the world. Different species of Alternaria, Aspergillus, Ceratobasidium,

Cercospora, Cochliobolus, Curvularia, Dreschslera, Fusarium, Gaeumannomyces,
Microdochium,  Penicillium, = Pyricularia, = Pythium, Rhizoctonia, Rhizopus,
Sclerophthora, Trichoderma and Tricoconella are most common associates of seeds all
over the world, causing pre and post-infections and considerable quality losses such as
seed abortion, seed rot, seed necrosis, reduction or elimination of germination capacity,
seedling damage and their nutritive value have been reported (Kavitha et al.,2005;

Miller, 1995).

Even though effective and efficient control of seed-borne fungi can be achieved by the
use synthetic chemical fungicides, the same cannot be applied to grains for reasons of
pesticide toxicity (Harris et al., 2001). Chemical fungicides cause serious environmental
problems and are toxic to non-target organisms (Anon., 2005). The toxic effect of
synthetic chemicals can be overcome, only by persistent search for new and safer
pesticides accompanied by wide use of pest control methods, which are ecofriendly and
effective (Mohana et al., 2011).

Green plants represent a reservoir of effective chemotherapeutants and can provide
valuable sources of natural pesticides (Balandrin et al., 1985). Leaf extracts of various
plants are known to possess antimicrobial activity (Suhaila-Mohamed et al., 1996;
Charjan, 1995). Extracts of many plants have been reported to exhibit antifungal
properties under laboratory trials (Mohana et al., 2008; Parekh et al., 2006; Aliero and
Afolayan, 2006; Buwa and Staden, 2006; Ergene et al., 2006). Exploitation of plant

metabolites in crop protection and prevention of biodeterioration caused by fungi appear
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to be promising. There is evidence that several plant species possess antifungal and
antibacterial properties (Dubey et al., 2009; Ogbo and Oyibo, 2008; Hasan et al., 2005).
Evaluation of botanicals against blast disease and some seed-borne pathogens of rice
have been reported (Nguefack et al., 2005; Kagale et al., 2004; Amadioha,

2000)

The use of plant extracts as seed treatment has produced good results against various
soil-borne fungi such as P. aphanidermatum and R. solani (Khan et al., 1974),
Fusarium oxysporum (Kannaiyan and Prasad, 1981) and Colletotrichum
atramentarium (Singh, 1986). Some plant extracts act as contact fungicides; some
disrupt cell membrane integrity at different stages of fungal development, while the
others inactivate important enzymes and interfere with metabolic processes (Singh,
1986). According to Adityachaudhury (1991), the use of plant extracts and
phytoproducts is gaining attention due to their biodegradability, low toxicity and
minimum residual toxicity in the ecosystem. Accordingly, natural products are
considered to control fungal diseases in plants as an interesting alternative to synthetic
fungicides due to their comparatively smaller negative impact on the environment
(Ogobo and Oyibo, 2008).Natural plant extracts are important source of new
agrochemicals and non-selective pesticides for control of plant diseases (Tripathi and
Dubey, 2004).Plant products, particularly spices and extracts of various plant parts,
have been used extensively as natural antimicrobials and antioxidants. Alam et al.
(2002) reported high levels of inhibition of spore/conidia germination of some fungal
species using extracts of rice, wheat straws and tobacco leaf. Many reports revealed
that, plant metabolites and plant based pesticides appear to be one of the better

alternatives as they are known to have minimal environmental impact and danger to
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consumers in contrast to synthetic pesticides (Gottlieb et al., 2002; Varma and Dubey,

1999; Harborne, 1998).

2.12 Ginger

Ginger (Zingiber officinale Roscoe auth.) is one of the spices reported to have some
anti-fungal activities. The nutrient composition varies with the type, variety, agronomic
condition, curing methods, drying and storage conditions (Govindarajan, 1982). In the
fresh ginger rhizome, the gingerols were identified as the major active components and
gingerol [5-hydroxyl] -1- (4-hydorxy-3-methoxyphenyl) decan-3- one is the most
abundant constituent in the gingerol series (Govindarajan, 1982). The rhizome contains
3-6 % fatty oil, 9 % protein, 60-70 % carbohydrates, 3-8 % crude fiber, about 8 % ash,
9-12 % water and 2-3 % volatile oil (Govindarajan, 1982). Kuhn and Hargreaves (1997)
observed that substances found to be fungicidal in-vitro in almost all cases kill the
fungus in-vivo. Plants with such fungicidal properties include Zingiber officinale and
Xylopia aethiopica (Dunal) (Maurice, 1993). Ginger root extract has microbial action
at levels equivalent to 200mg/ml of the spice. Ginger inhibits Aspergillus flavus, a
fungus known for the production of Aflatoxin, a carcinogen (Nanir and Kadu.,
1987).Fresh ginger juice showed inhibitory action against Aspergillus niger, S.
cerevisiae, Mycoderma spp. and Lactobacillus acidophilus at 4, 10, 12 and 14 %,
respectively at ambient temperatures (Meena, 1992).

2.13 Lemongrass

Lemongrass (Cymbopogon citratus (DC.) Stapf.) belongs to the grass family, Poaceae
(\Valencia and Myers, 1998). Fresh C. citratus contains approximately 0.4% volatile oil.
The oil contains 65 % to 85 % citral, a mixture of two geometric isomers, geraniol and
neral. Related compounds geraniol, geranic acid, and nerolic acid have also been

identified (Masuda et al., 2008; Torres, 1993). Other compounds found in the oil include
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myrcene (12 % to 25 %), diterpenes, methylheptenone, citronellol, linalol, farnesol,
other alcohols, aldehydes, linalool, terpineol, and more than a dozen other minor
fragrant components (Kasumov and Babaev, 1983). Non-volatile components of C.
citratus consist of luteolins, caffeic acid, fructose, sucrose, octacosanol, and others (De
Matouschek, 1991). Proximate analysis of lemongrass also revealed the presence of
potassium, zinc, iron and manganese (Livestrong.com, 2010). Lemongrasses as well as
many other plants have been successfully used to control important seed-borne fungal
pathogens (Amadioha, 2000). In Nigeria, lemongrass powder and essential oil have
been successfully used to protect cowpea and maize against storage fungi and
Macrophomina phaseolina (Tassi) Goid (Adegoke and Odesola, 1996). Aqueous extract
of lemongrass was also effective against seed-borne fungal pathogens of melon
(Bankole and Adebanjo, 1995). Somda et al., (2007) controlled Fusarium verticillioides

and other seed-borne pathogens of sorghum with lemongrass extract.

2.14 Hot pepper

Capsicum frutescens (L.) exists as an annual herbaceous vegetable or perennial shrub
of the Solanacae family (Amusa et al., 2004).1t is a spice grown in both tropical and
subtropical regions (Than et al., 2008). Pepper is also suitable for the diets of the obese
and is useful in the control of cancer of the stomach and colon (PamplonaRoger, 2007).

Hot peppers are low in sodium, cholesterol free, rich in vitamins A and

C, and are a good source of potassium, folic acid and vitamin E (Than et al., 2008).
Fresh green hot peppers contain more vitamin C than citrus fruits and fresh red hot has
more vitamin A than carrots (Than et al., 2008). Capsicum fruits are used in sauces,
soups, stews and generally as a flavouring agent (Amusa et al., 2004). The different

varieties of pepper provide income for women and children who cultivate it in large
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quantities (Amusa et al., 2004).Pepper extracts have been shown to reduce aflatoxin
production in A. parasiticus IFO 30179 and A. flavus var columnaris S46 (Ito et al.,

1994).

2.15 Factors affecting seed germination and occurrence of fungal pathogens

Quality characters of seed, such as seed germination, moisture content, seed
discolouration and seed-borne fungal prevalence have long been known to be influenced
by various factors during storage. There are several factors that affect seed germination

and the occurrence of fungal pathogens. These include:

2.15.1 Moisture content

High seed moisture is reported to affects seed quality. Between 40 — 60% moisture
content, metabolic activities increase and seed germination is triggered off resulting in
the death of the embryo. An earlier report indicated that seed with hard seed coat
prevented oxygen and moisture entry into seed and prevented autoxidation of linoleic
and linolenic acids which are responsible for degradation of cellular organelles
(Cantliffe, 1998). The field fungi such as Alternaria, Cladosporium, Curvularia,
Fusarium and Helminthosporium invade seeds as they are developing on the plants in
the field or after they have matured, but before they are harvested (Christensen and
Kaufmann, 1965). These fungi usually do not continue to grow in grains after harvest,
but may remain alive for years in grains stored at low moisture content and low

temperature (Christensen, 1963).

The storage fungi, mainly comprising several species of Aspergillus and Penicillium, do
not invade grains to any appreciable degree or extent before harvest (Tuite, 1961), but
they can cause severe discolouration of seed in storage resulting in germination failure,

discoloured or otherwise damaged embryos or whole seeds, and production of
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mycotoxins that constitute a health hazard for man and animals (Dharam Vir, 1986;
Mehrotra, 1983; Bilgrami and Sinha, 1983; Christensen and Kaufmann, 1979 ;Dharam
Vir, 1974). Each species or group of species of Aspergillus has its own rather sharply
defined lower limit of moisture content usually between 13 and 18 % for invasion of

stored grains.

2.15.2 Storage

Seed is stored with the express objective of maintaining quality for both consumption
and planting purposes (Agrawal, 1995; George, 1985; FAO, 1981). Chin (1988)
proposed that pertinent questions concerning the principal aims of storage, quantity to
store and length of storage must diligently be considered before embarking on any seed
storage programme. Hong and Ellis (1996) reported that seed storage is an age old
practice that started with the inception of agriculture when humans began to domesticate
plants. Reviewing methods of storage, the University of Greenwich (1999) recognised
three types: traditional, improved traditional and modern types. With particular
reference to West Africa, cribs, baskets, metal tanks, mud silos, underground pits and
jute cotton bags are common methods of storage. Choice of the method to use for storing
seed depends on the kind of seed (FAO, 1981).

It is contested that some storage structures do not preserve seed quality. According to
Singh (1990), in Africa and China traditional storage structures used in storing maize,
rice, wheat, millet and chickpea include; mud, dung, bamboo, and rice straw silos. The
author observed that high humidity and poor storage practices associated with these
kinds of storage facilities provided congenial environment for microbial attack; the
dominant species being Aspergillus spp. and Penicillium spp. Olakojo et al. (2007)

observed that cowpea seed in plastic containers stored better than when put in tin and
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earthen containers under the same conditions and contended that nylon sacks should not

be used in order to avoid complete damage of the seeds.

2.15.3 Temperature

FAO (1981) reported that farmers in the developing world still store their produce
including seed under the ambient environment. Chin (1988) found that storage under
ambient conditions is very practical in the tropical world where the relative humidity is
low. However, seed is hygroscopic and would develop equilibrium moisture content
with that of the physical environment where it is placed (Copeland and McDonald,
2001). In Japan, Juliano et al. (1990) reported that Japanese brown rice attained
equilibrium moisture content with the environment when stored under ambient
conditions.

However, storage under ambient conditions has been observed to affect seed quality in
general and germination in particular. Basu (1990) indicated that serious losses of
viability have been reported from areas (experiencing low relative humidity and
temperature) believed to have suitable or conducive climate for the production and

storage of seed.

CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study approaches

The study approaches comprised (i) field survey and (ii) laboratory experiments. The
field survey was conducted in 2011/2012 cropping season to find out the sources of

seeds available to rice farmers, the storage practices employed by these farmers,
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farmers’ perception on seed-borne diseases and disease control practices in three

selected rice growing districts in Ashanti Region of Ghana.

In all, 13 communities in three selected districts were surveyed. These were EjisuJuaben
District: Besease, Ampabame and Nobewam, Ahafo-Ano South District: Amoakokrom,
Essienkyem, Camp, Barniehkrom, Nsutem and Asuodei, and Afigya Kwabre District:

Aponoponoso, Abankroso, Nyabesu Nkwanta and KY.

The laboratory experiments were carried out to identify seed-borne fungal pathogens of

rice in the three selected districts and develop an effective control measure.

3.2 Field survey: Assessment of rice farmers’ perception on seed-borne diseases
and disease control practices

A field survey was conducted from June to August, 2011 in the three selected rice
growing districts in Ashanti Region, using a structured questionnaire to gather
information from rice farmers. Questionnaires were issued randomly to rice farmers.
Information gathered included names of rice varieties grown, source (s) of seeds, seed
storage practices, storage packaging material, farmers’ knowledge on seed-borne
diseases and knowledge about varieties grown. A total of 66farmers were randomly
selected and interviewed in the study areas.

3.2.1 Collection of rice seed samples

A total of 60 farmer-saved rice seed samples were collected from 60 farmers randomly
selected from the 13 communities in the three selected districts (EjisuJuaben,Ahafo-
Ano South and Afigya-Kwabre Districts). The sampled seeds were stored in brown

envelopes labelled, sealed, and stored in refrigerator.

22



3.3 Assessment of seed quality of farmer-saved rice seed samples

3.3.1 Experimental locations

Seed health test was conducted at the Seed Pathology Laboratory of Council for

Scientific and Industrial Research-Crops Research Institute, Kumasi.

3.3.2 Seed health test of the sampled farmer-saved rice seeds

The seed health test was done, using the blotter method (Marthur and Kongsdal, 2003).
Two hundred rice seeds were randomly taken from the seed component of each sample
for the health test. Three pieces of filter paper were soaked in sterile distilled water and
placed in a 9-cm Petri dish. Twenty-five seeds were plated in each Petri dish. Eight
plates were used for each sample. The seeds in the Petri dishes were incubated at 20 +
2°C under alternating cycles of 12 h near ultraviolet (NUV) light and darkness for seven
days. After incubation, the seeds were examined under Stereo microscope to record the
incidence of different seed-borne fungi. Where direct identification of seed-borne fungi
was difficult, isolates were plated on PDA. Spores or conidia characteristics were used
for fungal identification using descriptions of

Marthur and Kongsdal (2003).
3.4 Evaluation of Ginger (Zingiber officinale), Hot pepper (Capsicum frutescens)

and Lemongrass (Cymbopogon citratus) for the control of seed-borne fungi of

rice

3.4.1 Rice sample used for the evaluation of the botanicals

Rice seed sample with the highest incidence of seed-borne fungal pathogens among the
three districts was selected for the control studies, using botanicals. This rice seed

sample was selected from Ahafo-Ano South District.
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3.4.2 Plant material and aqueous extract preparation

Agueous extracts (cold water extracts) were prepared from Z. officinale, C. citratus and
Capsicum frutescens. Extracts were prepared from the leaves of lemongrass, fruit of hot
pepper and rhizome of ginger. Plant materials were thoroughly washed with tap water.
A weight of 200 g of each plant material was blended separately using an electric
blender (Sabichi table blender, SB-1101-14799) and the residue was poured into
Erlenmeyer flask containing 200 ml cold distilled water. The resulting stock was sieved,
using four layers cheese cloth to remove debris. The debris-free stock was used in the

study.

3.4.3 Treatments

The treatments used in the evaluation were the aqueous extracts of ginger, lemongrass
and hot pepper extracted as previously described. Mancozeb and sterile distilled water
served as the positive and negative checks, respectively. Seeds not treated with the plant
extracts and chemical fungicides were used as control.

3.4.4 Seed treatment and health studies of treated seeds

Rice seed sample with high infection of fungal pathogens from the Ahafo-Ano South
District were treated with each of the prepared plant extracts by soaking the seeds in
them for 1, 2, 5 and 24 h. Rice seeds were also soaked in the chemical fungicide
Mancozeb at 0.25 % of seed weight and in sterile distilled water for 1, 2, 5 and 24 hours.
Rice seeds not treated with the extracts, Mancozeb (ethylene

bisdithiocarbamate), a synthetic fungicide and sterile distilled water were also used as
control. Seed health test was also conducted on the untreated seeds to assess the health
status of the seeds before treatment. Treated seeds were collected separately on blotter
sheets and air-dried in a Lamina air flow chamber for 60 min. Seed health testing was

performed, using the standard blotter method described by the International Rules for
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Seed Testing (ISTA, 1985).Seed-borne fungi were identified on treated seeds, using
description book of Mathur and Kongsdal (2003) and Agarwal et al. (1989). Two
hundred seeds of 50 seeds per replicate were used for each treatment. Completely
Randomized Design (CRD) with four replications was used. The incidence of fungi and
percent germination of the seeds were observed after seven days of incubation at room

temperature.

3.4.5 Determination of incidence of fungi and per cent germination

The number of seeds infected by fungi was recorded for each sample and divided by the
total number of seeds tested, multiplied by 100 % to determine the incidence of fungi.
Per cent germination was determined by the blotter method. Two hundred seeds per
treatment (50 seeds per replicate) were used for germination test. Seeds were treated as
described above and placed on blotters, arranged in CRD to determine percent
germination. Untreated seeds were also subjected to similar germination test to serve as
control. Germinated seeds were counted on 7"day to evaluate germination percentage
(ISTA, 1985).The number of seeds germinated were counted and divided by the total of

seeds tested, multiplied by 100 % to determine the per cent germination.

3.5 Data analysis

The Genstats statistical package (2007) was used to analyse the data and means were

separated by least significant difference (Isd). However, count data on incidence was

transformed by the square root transformation[\/ (x +0.5) |before analysis.
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CHAPTER FOUR

4.0 RESULTS

4.1 Surveys: Farmers’ perception about seed-borne fungal diseases, storage

containers and practices employed in the storage of farmer-saved rice seeds

4.1.1 Sources of seeds of the smallholder rice farmers in the three selected inland
valley rice growing districts

Seventy-one per cent of farmers save their own seeds for planting in the following
season (Fig.1).Also, 15 % of farmers obtained seeds from neighbours/friends while 7,
5 and 2 % obtained seeds from NGOs, local market and Agro-dealers, respectively.
These farmers save their own seeds because they do not have access to certified rice

seeds and it is also costly for them to buy if seeds are available.
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Figure 1: Distribution of Sources of seeds to smallholder rice farmers in the three
selected districts

4.1.2 Farmers’ knowledge on rice varieties cultivated

Majority of the farmers (72 %) knew the names of the varieties they cultivated, while
20 % did not know the names of the varieties they were planting (Fig. 2). Eight per cent
of farmers were not sure of the names of varieties they cultivated. Some of the rice
varieties mentioned by the farmers were Jasmine 85, Sikamoo, Uncle Bens, Vita 7 and

Lapete.

The most cultivated rice varieties were Jasmine 85, Lapete and Sikamoo. According to
these farmers, Jasmine 85 and Lapete were early maturing while Sikamoo was more
resistant to harsh conditions such as drought and flooding as well as resistant to pests
and diseases even though was not early maturing. Jasmine 85 and Lapete were said to

have good aroma and are marketable according to them.
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Figure 2: Percent distribution of farmers’ knowledge of rice varieties cultivated in the
three selected districts in Ashanti Region

4.1.3Storage practices and conditions employed by rice farmers in the three

selected inland valley rice growing districts

4.1.3.1 Storage containers and environment used by rice farmers

Majority of rice farmers in the three selected districts stored their rice seeds in nylon
fertilizer sacks, followed by jute sack in their rooms (Table 1). The least used storage
container was polyethene bags. The rice seeds in their various containers were all stored

under ambient environment.

Tablel: Storage materials and environment used by rice farmers in the three

selected districts of Ashanti Region

Storage container Per cent farmers  Storage condition
Nylon fertilizer sacks 53 Ambient temperature
Cocoa jute sacks 44 Ambient temperature
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Polyethene bags 3 Ambient temperature

Total respondents 100

4.1.3.2 Seed treatment before storage and sowing of farmer-saved rice seeds

Majority of rice farmers (88 %) did not treat their rice seeds before storage (Table 2).
However, 12 % of them treated their rice seeds, mostly with rodenticides. Majority of
rice farmers (94 %) did not treat their seeds before sowing (Table 2). Reasons assigned
for not conducting seed treatment included lack of technical knowhow and also they
thought enough sunshine during drying was enough treatment. However, 6 % of the

farmers treated their saved seeds with rodenticides before sowing (Table 2).

Table 2: Percent farmers’ seed treatment potential prior to storage and before
sowing

% Rice farmers r :sponse

Prior to storage Before sowing
Treatment
No seed treatment 88 94
Seed treatment with rodenticides 12 6
Total respondents 100 100

4.1.3.3 Duration of storage of farmer-saved rice seeds in the three selected
districts of Ashanti Region

Majority of rice farmers in the three selected districts stored their seeds for three to five
months (Table 3). Twenty seven per cent of farmers stored their seeds for 9-12 months

whiles 21 and 14 % of farmers stored their seeds for six to seven and one to two months,
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respectively. Lack of irrigation facilities and erratic rainfall patterns at their locations

determined when their stored seeds would be planted.

Table 3: Duration of storage of farmer-saved rice seeds in the three selected

districts of Ashanti Region

Duration of storage (months) % Rice farmers
1-2 14
3-5 38
6-7 21
9-12 27
Total respondents 100

4.1.3.4 Duration of drying of farmer-saved rice seeds before storage in the three
selected districts of Ashanti Region

Majority of rice farmers (62 %) dried their seeds for three to five days before storage
when there is enough sunshine, while 32and 6 % dried their seeds for seven days and

above and two days, respectively (Table 4).

Table 4: Duration of drying of farmer-saved rice seeds in the three selected
districts of Ashanti Region

Duration of drying in days % Rice farmers
2 6
3-5 62
7 and above 32
Total respondents 100
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4.1.3.5 Occurrence of pests and diseases of rice seeds in storage observed by rice
farmers in the three selected districts

The rice farmers encountered mostly pest problems such as grain weevils and mice in
storage (Fig.3). Diseases of rice were not observed, however, 61 % of the farmers had
pest problems, whiles, and 39 % of the farmers did not have pest problems (Fig.3).

All the farmers stored their seeds under ambient conditions.

Figure 3: Per cent of farmers in occurrence of pest and diseases in storage
4.1.1 Frequency of cropping of rice in a year by farmers in the three selected

1.1.4.1 Frequency of cropping and sources of water

Rice farmers depended on rainfall and irrigation facilities or both as their sources of
water for cropping in a year. Most farmers who cropped once in a year depended on
rainfall (85 %) as their source of water (Table 6). Rice farmers who cropped twice in a

year depended mostly on both irrigation and rainfall (70 %) as their sources of water
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districts

Rice farmers in the selected districts cropped once to three times in a year. Most farmers
(71 %) cropped once in a year, 24 % of farmers cropped twice and 5 % cropped three

times in a year (Table 5).

Table 5: Frequency of cropping of rice per year by farmers in three selected
districts of Ashanti Region

Frequency of cropping rice/year % Rice farmers
Once 71
Twice 24
Thrice )

Total respondents 100

Table 6: Frequency of cropping and sources of water for rice farmers

% Farmers sources and cropping

Number of rice
cropping/year

Rainfall Irrigation Irrigation and rainfall
Once 85 10 5
Twice 20 10 70
Three times 3 87 10

for cropping. Majority of farmers (87 %) who cropped three times in a growing season

depended on irrigation as their source of water.
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4.1.5 Farmer’s knowledge about seed-borne fungal diseases of rice

Most farmers (64 %) did not have knowledge about rice seed-borne fungal diseases,
while 30 % of rice farmers had some idea about symptoms of some rice seed-borne

diseases and 6 % of farmers were not sure about the diseases (Fig.4).

Figure 4: Per cent distribution of farmers’ knowledge about seed-borne fungal diseases
of rice
4.2 Seed health test of sampled farmer-saved rice seeds in the three selected

districts

All the samples tested were found to be infected by fungal pathogens but at different
levels. The frequency of infection by different fungal pathogens on the collected rice
seed samples from the Afigya-Kwabre, Ahafo-Ano and Ejisu-Besease Districts are
presented in Tables 7, 8 and 9.A total of 20seed-borne fungi comprising 16 pathogens
namely; Alternaria padwickii, Alternaria sp., Bipolaris oryzae, Cercosporasp.,
Colletotrichum sp.,Curvularia lunata, Curvularia pallescens, Curvularia sp., Fusarium
verticillioides, F. oxysporum, F. pallidoroseum, F. solani, Nigrospora oryzae, Phoma

sp., Sarocladium oryzae, Stemphylium sp. and four saprophytes namely; Aspergillus
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flavus, Aspergillus niger, Penicillium sp.,and Rhizopus sp. were found to be associated
with the farmer-saved rice seeds samples collected from the three selected rice growing
districts. Bipolaris oryzae was the most frequent pathogen present among the 60 rice
samples investigated. However, their frequency of infection varied from sample to
sample with Ahafo-Ano District showing highest infection of

100% and least infection of 82.6 % for the samples collected from Ejisu-Besease

District.

In the Afigya-Kwabre District, B. oryzae and F. verticillioides recorded highest
frequency of infection of 95 % with 19 out of 20 rice samples infected (Table 7).
Cercospora sp. showed 60 % infection with 12 out of 20 rice samples infected.
Curvularia lunata had 40 % infection with eight out of 20 rice samples infected.
Fusarium oxysporum recorded 15 % infection with three out of 20 rice samples infected.
However, F. pallidoroseum and Sarocladium oryzae had the least frequency of infection
of 5 % with one out of 20 samples infected (Table 7).

In the Ahafo-Ano South District, B. oryzae had the highest frequency of infection of
100 % with all 17 rice samples infected, followed by F. verticillioides (88.2 %) with 15
out of 17 rice samples infected. F. oxysporum recorded frequency of infection of 76.5
% with 13 out of 17 rice samples infected (Table 8). C. lunata recorded frequency of
infection of 70.6 % with 12 out 17 samples infected. However, Cercospora sp. had 58.8
% infection with 10 out of 17 rice samples infected. Nine out of 17 rice samples
collected were infected with F.pallidoroseum (52.9 %). Least frequency was recorded
by Alternaria padwiickii, Alternaria sp., Curvularia sp., and Stemphylium sp. with one

out of 17 rice samples infected (Table 8).

In the Ejisu-Besease District, B.oryzae had the highest infection of 82.6% with 19 out

of 23 rice samples infected, followed by Cercospora sp. (60.9 %) with 14 out of 23 rice
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samples infected. Fusarium verticillioides had frequency of infection of 56.5% with 13
out of 23 rice samples infected. Least infection was shown by F. solani and Phoma sp.

(4.4 %) with one out of 23 samples infected (Table 9).

35



Table
7: Frequency of infection of rice seed samples by fungi in the Afigya-

Kwabre District

Fungi recorded Total rice sample tested Total rice sample infected % Infection
Aspergillus flavus 20.0 20.0 100.0
Bipolaris oryzae 20.0 19.0 95.0
Cercospora sp. 20.0 12.0 60.0
Curvularia lunata 20.0 8.0 40.0
Fusarium verticillioides 20.0 19.0 95.0
F. pallidoroseum 20.0 1.0 5.0
F. oxysporum 20.0 3.0 15.0
Penicilliumsp. 20.0 10.0 50.0
Phoma sp. 20.0 2.0 10.0
Rhizopus sp. 20.0 17.0 85.0
Sarocladium oryzae 20.0 1.0 5.0
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Table
8: Frequency of infection of rice seed samples by fungi in the Ahafo-Ano
District

Total rice sample Total rice sample %
tested infected
Infection
Fungi recorded

Alternaria padwickii 17.0 1.0 5.9
Alternaria sp. 17.0 1.0 5.9
Aspergillus flavus 17.0 14.0 82.4
A. niger 17.0 1.0 5.9
Bipolaris oryzae 17.0 17.0 100.0
Cercospora sp. 17.0 10.0 58.8
Colletotrichum sp. 17.0 2.0 11.8
Curvularia lunata 17.0 12.0 70.6
C. pallescens 17.0 5.0 29.4
Curvularia sp. 17.0 1.0 59
F. verticillioides 17.0 15.0 88.2
F. pallidoroseum 17.0 9.0 52.9
F. oxysporum 17.0 13.0 76.5
F. solani 17.0 2.0 11.8
Nigrospora oryzae 17.0 6.0 35.3
Penicillium sp. 17.0 5.0 29.4
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Table

Sarocladium oryzae

Stemphylium sp.

Rhizopus sp.

17.0

17.0

17.0

2.0

1.0

9.0

11.8

5.9

52.9

9: Frequency of infection of rice seed samples by fungi in the Ejisu-Juaben

District
Total rice sample Total rice sample %
tested infected
Infection
Fungi recorded
Alternaria sp. 23.0 3.0 13.0
Aspergillus flavus 23.0 22.0 95.7
A. niger 23.0 3.0 13.0
Bipolaris oryzae 23.0 19.0 82.6
Cercospora sp. 23.0 14.0 60.9
Curvularia lunata 23.0 11.0 47.8
C. pallescens 23.0 2.0 8.7
Fusarium verticillioides 23.0 13.0 56.5
F. oxysporum 23.0 4.0 17.4
F. pallidoroseum 23.0 9.0 39.1
F. solani 23.0 1.0 4.4
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Penicillium sp.

Phoma sp.

Sarocladium oryzae

Rhizopus sp.

23.0

23.0

23.0

23.0

6.0

1.0

3.0

23.0

26.1

4.35

13.0

100.0
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4.3 Seed treatment effect on fungal pathogens of farmer-saved rice seeds

Four major fungal pathogens were found on the rice seed sample selected for treatment.

These were B.oryzae, Cercospora sp., C.lunata and F.verticillioides

4.3.1 Effects of aqueous ginger extract on seed-borne pathogens

Rice seeds treated with ginger extract for 2h resulted insignificant (P<0.05) reduction
in incidence of B.oryzae (0.7 %), as compared with the untreated seed and seeds treated
with Mancozeb for 2 h (Table 11). Seeds treated for 1, 5 and 24h also showed significant
(P<0.05) decrease in incidence of B.oryzae (1.0, 2.4, and 3.1%, respectively) as
compared with untreated seeds. The treatment reduced the incidence of Cercospora sp.
from 1.2 % in untreated seeds to 0.7 in soaking for 2 h (Table 11). Soaking of seeds for
1 and 2 h however, reduced incidence of C. lunata and F.verticillodes from 1 and 1.6

% respectively, to 0.7 %.

4.3.2 Effects of aqueous pepper extract on seed-borne pathogens

Treatment of rice seeds with aqueous pepper extract for 24 h showed significant (P<
0.05) reduction in incidence of B.oryzae (1.0%) as compared with4.6 % of the untreated
seeds but the reduction was similar to that of Mancozeb treatment (Table 13). Seeds
treated for 1, 2 and 5h also showed significant decrease in incidence of

B.oryzae (2.1, 3.1, and 2.9%, respectively) as compared with untreated seeds.
However, there was no significant (P>0.05) difference between pepper extract and
Mancozeb treatment for 1 h. Seed treatment for 2 h with pepper extract showed
significant (P<0.05) reduction in incidence of Cercospora sp. And C. lunata (0.7 %),
as compared with untreated seeds (Table 11). Incidence of F. verticillioides was

reduced from 2.7 to 1.0 % after treatment for 2 h. However, soaking for 1, 5 and 24 h
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showed an increase in incidence of F. verticillioides with 1.9, 2.4 and 1.6 %,

respectively.

4.3.3 Effects of aqueous lemongrass extract on seed-borne pathogens

Seed treatment with lemongrass for 24 h resulted in significant (P<0.05) reduction in
incidence of B.oryzae compared with the untreated seed (Table 13). Soaking for 1, 2
and 5 h showed slight reduction in incidence of B.oryzae (4.2, 3.8 and 3.9 %,
respectively) compared with the untreated seeds. Extract of lemongrass showed
significant reduction in incidence of Cercospora sp. (0.7 %) after soaking for 1 and 2 h
compared with the untreated seed. However, soaking for 5 and 24 h showed no
incidence of Cercospora sp. Treatment for 2 h resulted in significant (P<0.05) reduction
in incidence of C. lunata compared with the untreated seeds (Table 11). Seed treatment
for 1 h showed an increase in incidence of C. lunata (2.4 %) compared with 1.2 % in
the untreated seeds (Table 10). F.verticillioides showed a slight decrease of 1.4 and 1.2
% in incidence after soaking seeds for 2 and 24h compared with 1.6 % in the untreated
seeds. However, seed treatment for 1 h resulted in significant (P<0.05) increase in
incidence of F.verticillioides (2.2 %) compared with Mancozeb, and the untreated seeds

(Table 10).

4.3.4 Effects of Mancozeb on seed-borne pathogens

Seed treatment with Mancozeb showed significant (P<0.05) reduction in incidence of

all the major pathogens identified at the various soaking periods.
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Table 10: Seed treatment effect on fungi of farmer-saved rice seeds after soaking

forlh
Incidence of seed-borne fungi
A A B. Cercospora Curvularia F.  Rhizopus
. sp. lunata  verticillioides sp.
Seed treatments flavus niger oryzae
Ginger 3.2 0.7 1.0 1.2 0.7 0.7 0.7
Pepper 8.2 8.1 2.1 0.7 1.6 19 4.1
Lemongrass 5.4 0.7 4.2 0.7 2.4 2.2 1.0
Mancozeb 0.7 0.7 0.7 0.7 0.7 1.6 0.7
Sterile distilled
Water
2.2 0.7 2.5 1.4 1.2 1.0 1.2
Lsd(5%) 0.2 0.03 0.2 0.03 0.2 0.2 0.04
CV (%) 2.7 1.0 5.8 2.1 9.0 10.6 1.5
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Table 11: Seed treatment effect on fungi of farmer-saved rice seeds after soaking

for 2h

Incidence of seed-borne fungi

A. Cercospora Rhizopus
flavus : Sp. o sp.

Seed treatments A.niger B. oryzae C.lunata F. verticillioides
Ginger 1.0 0.7 0.7 0.7 0.7 0.7 0.7
Pepper 4.8 2.4 3.1 0.7 0.7 1.0 1.9
Lemongrass 1.0 0.7 3.8 0.7 0.7 14 1.0
Mancozeb 1.0 0.7 1.0 0.7 0.7 1.0 0.7
Sterile distilled
Water

2.3 0.7 5.0 1.2 2.4 2.7 1.2
Lsd(5%) 0.1 0.01 0.1 0.0 0.01 0.1 0.2
CV (%) 4.5 0.7 3.2 1.8 0.7 5.3 9.2

Table 12: Seed treatment effect on fungi of farmer-saved rice seeds after soaking

for 5h

Incidence of seed-borne fungi

A. A. G F.  Rhizopus
: verticillioides sp.
Seed treatments Laan DL A oryzae slinata

Ginger 1.4 0.7 2.4 0.7 1.0 0.7

Pepper 5.0 4.1 2.9 1.0 2.4 1.0

Lemongrass 24 29 3.9 1.0 1.7 2.5

Mancozeb 1.0 0.7 0.7 1.0 0.7 0.7
Sterile distilled

Water

1.0 0.7 2.8 1.2 2.6 0.7

Lsd (5%) 0.1 0.12 0.2 0.05 0.04 0.1

CV (%) 2.1 4.2 4.0 3.6 14 6.5
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Table 13: Seed treatment effect on fungi of farmer-saved rice seeds after soaking
for 24h

Incidence of seed-borne fungi

A A B. C. F. Rhizopus
Seed treatments flavus niger oryzae lunata verticillioides Sp-
Ginger 1.9 0.7 3.1 0.7 1.9 0.7
Pepper 8.5 8.8 1.0 1.2 1.6 3.9
Lemongrass 1.2 0.7 1.7 0.7 1.2 0.7
Mancozeb 1.0 0.7 0.7 0.7 0.7 0.7
Sterile distilled water 1.9 1.0 4.6 1.7 1.9 1.0
Lsd (5%) 0.2 0.04 0.10 0.03 0.3 0.08
CV (%) 4.9 1.2 2.8 1.8 12.7 3.5

4.4 Seed treatment effect on germination of rice seeds

4.4.1 Effects of aqueous ginger extract on germination of rice seeds

Seeds treated with aqueous ginger extract for 24 h showed an increase in germination
of 88 %,as compared with the untreated seeds (85 %), but there was significant (P<0.05)
decrease of 68 and 42 % in germination by seeds treated for 1 and 2 has compared with

the untreated (Table 14).

4.4.2 Effects of aqueous pepper extract on germination of rice seeds

Aqueous pepper extract treatment for 2 h showed a significant (P<0.05) increase in
germination (94 %), as compared with Mancozeb (90 %) for 2 h and 72 % in the
untreated seeds (Table 14). Seeds treated for 1 h showed an increase in germination

t091 %as compared with 82 % in the untreated seeds.
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4.4.3 Effects of aqueous lemongrass extract on germination of rice seeds

Treatment of seeds with aqueous lemongrass extract for 2 h showed a significant
(P<0.05) increase in germination (94 %) as compared with Mancozeb (90 %) and the
untreated seed (72 %) but was not significantly different (P>0.05) from pepper (Table
14). Aqueous lemongrass extract treatment for 1, 5 and 24 h also showed an increase in
germination (91, 90 and 86 %, respectively), as compared with the untreated seeds

(Table 14).

4.4.4 Effects of Mancozeb on germination of rice seeds

Seeds treated with Mancozeb for 24 h showed a significant (P<0.05) increase in
germination (95 %) as compared with the other treatments and 85 % in the untreated
seeds (Table 14). However, treatment for 1 h showed an in increase in germination (87
%) compared with 82 % of the untreated seeds, it was significantly (P<0.05) lower as

compared with 91 % in ginger and lemongrass aqueous extracts for 1 h.

Table 14: Seed treatment effect on germination of rice seeds over time

Per cent germination of rice/time (h)

Treatments 1h 2h 5h 24h
Ginger 68 42 85 88
Pepper 91 94 84 93
Lemongrass 91 94 90 86
Mancozeb 87 90 91 95
Sterile distilled water 82 72 85 85
Lsd (5%) 1.2 1.2 1.2 1.2
CV (%) 1.0 1.0 0.9 0.9

CHAPTER FIVE

DISCUSSION

5.1Surveys: Farmers’ perception about seed-borne fungal diseases, storage
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containers and practices employed in the storage of farmer-saved rice seeds

5.1.1 Sources of seeds of the smallholder rice farmers in the three selected inland
valley rice growing districts of Ashanti Region

Majority of the rice farmers interviewed in this study used their own saved seeds to start
their next season planting. This implies that farmer-saved seed may be the main source
of seeds for rice farmers in Ashanti Region. This observation agrees with reports by Vo
et al. (2001) that over70 % of rice farmers depend on their own saved seeds for the next

season’s planting.

In sub-Saharan Africa, it is established that most farmers do not buy seeds: they save
their own or trade with other farmers (Almekinders et al., 1994; Anon, 2001). Farmers
depend on their own saved seeds because they do not have access to certified seeds, or
when certified seeds are available the prices are too high for the small scale farmer to

afford.

5.1.2 Farmers’ knowledge on rice varieties cultivated

Majority (72 %) of rice farmers in the selected districts knew the name of varieties they
cultivated, while 20 % did not have knowledge on their cultivated variety and eight per
cent were not sure of the varieties they cultivated. Some of the varieties mentioned were
Jasmine 85, Sikamoo, Lapete, Uncle Bens and Vita 7. The most cultivated varieties
were Jasmine 85, Lapete and Sikamoo. According to these farmers, Jasmine 85 and
Lapete were long grain varieties, early maturing and were resistant to pests and diseases.
Jasmine 85 and Lapete also have good aroma and are marketable. Sikamoo, according
to these farmers, was a short grain local variety but was resistant to harsh conditions
such as drought and flooding but was not as early maturing as Jasmine 85 and Lapete.

These findings may, therefore, validate the reason why most smallholder farmers find
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difficulty in adopting new varieties as was reported by Bull (1989). Lack of knowledge
on cultivated varieties by rice farmers may account for seed-borne infections since they

do not cultivate disease and pest resistant varieties.

5.1.3 Seed storage practices and conditions of rice farmers in the three selected
rice growing districts

Most farmers interviewed in the three selected districts stored their seeds in nylon sacks
in their homes under ambient conditions. FAO (1981) reported that farmers in the
developing world store their produce, including seed, under ambient environment. Chin
(1988) also reported that storage under ambient conditions is very practical in the
tropical world where relative humidity is low. A good number of containers are used
for storing seeds but their suitability depends on the kind or type of seed and the
protection the container can offer the seed in storage. However, seed is hygroscopic and
would develop equilibrium moisture content with that of the physical environment
where it is placed (Copeland and McDonald, 2001). Juliano et al. (1990) reported that
rice attained equilibrium moisture content with the environment when stored under
ambient conditions. However, storage under ambient conditions has been observed to
affect seed quality in general and germination in particular. The high incidence of seed-
borne fungal pathogens observed on the rice seeds from the three selected districts could
be attributed to nylon sacks used by most farmers in storing the rice seeds; the sacks
may not have been properly tightened, allowing the seeds to absorb moisture from the

environment which facilitated the growth of

microorganisms on the seeds.

Seed treatment with chemicals is found to be more useful in storage to maintain better

seed quality up to one year by suppressing the storage pests and fungi (Gupta et al.,
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1989). Seed germination is an essential process in plant development to obtain optimal
seedling number for higher seed yield. Advancement in agrotechnical measures
embraces the intelligent use of chemical treatment of a crop from the seed stage so as
to protect the seed from various microorganisms which cause diseases resulting in low
germination with subsequent poor establishment in the field (Alagarsamy and
Sivaprakasam, 1988). For some crops, such as maize, groundnut, rice and other cereals,
seed treatment is routine and is a necessary and effective means of protecting seeds and
seedlings from seed-borne pathogens. Most farmers did not treat their seed before
storage and prior to sowing. These farmers were of the view that enough sunshine
during drying was enough treatment against pests and diseases. However, few farmers
treated their seeds with rodenticides before storage and prior to sowing. Seed treatment
with rodenticides may not be enough against seed-borne pathogens. Farmers’ seed
treatment potential prior to storage and sowing may have accounted for high incidence
of storage fungi such as Aspergillus flavus, A. niger, and Rhizopus. It is important that
these farmers are educated to treat their seeds with appropriate fungicides and
insecticides before storage. At planting, these farmers must be educated to treat their
seeds with appropriate fungicidal products before planting to improve on their plant

establishment and yield.

From the survey conducted most farmers interviewed in the three selected districts
stored their rice seeds for three to five months. Twenty-seven per cent of farmers stored
their seeds for 9-12 months whiles 21 and 14 % of farmers stored their seeds for six to
seven and one to two months, respectively. Lack of irrigation facilities and erratic
rainfall patterns at their locations, according to the farmers, determined when their
stored seeds would be planted. Also, the market price of the rice seeds determined its

duration of storage. Seed is stored with the express objective of maintaining quality for
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both consumption and planting purposes (Agrawal, 1995; George, 1985; FAO, 1981).
Chin (1988) proposed that pertinent questions concerning the principal aims of storage
and length of storage must diligently be considered before embarking on any seed
storage programme. It must, however, be noted that seed deterioration is a natural
phenomenon and that the life span of seeds decreases with the passing of time,
irrespective of the storage structure used (Harrington, 1972).Moisture content plays an
important role in seed storage; seeds can be stored for longer period if these farmers
dried their seeds to low moisture content below 13 %. Moisture content of the seeds
ranged from 11 to 14 %. Lovato and Balboni (1997) reported that 13 % is the safe seed
moisture content for storage of cereals. The length of the intended storage period is of
prime importance as the maximum moisture levels need to be modified for safe storage.
The high incidence of seed-borne pathogens in the three selected districts may be
attributed to long durations of storage and high moisture content of the seed since these

pathogens thrive under high moisture content of seed.

Majority of rice farmers sun-dried their seeds for three to five days before storage when
there is enough sunshine while 32 and 6 % dried their seeds for seven days or more,
and two days, respectively. Seed drying is necessary to reduce the moisture content of
the seed to a safe level for storage. The drying duration and techniques must maintain
seed quality by not decreasing the seed’s viability. Drying is most critical operation
after harvesting. Delays in drying, incomplete drying or ineffective drying will reduce
seed quality and viability. Effective storage could also be achieved by these farmers if
they dry their seeds properly to low moisture content below 12 %. However, drying
seeds even further will slow down physiological aging processes and prolong their

useful storage life. High incidence of seed-borne pathogens identified on rice seeds
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from the three selected districts may be attributed to the short duration of drying thus

leading to an increase in moisture content which facilitates fungal growth.

Most farmers encountered pest problems such as grain weevils and mice in storage.
Diseases of rice were not observed on rice seeds in storage. Post-harvest loss in rice is
around 15 % (Palipane, 2000). Among the many factors that affect in post-harvest
losses, insect pest contribute the highest loss is of 5-6 % (Palipane, 2000). Fernando et
al. (1988) reported that losses in stored rice due to insect pests could go up to 8.8 %.
Storage pests such as mice and grain weevils through their feeding habits could cause
injuries to the stored rice seeds which could serves as entry points for pathogen
infection. The absence of diseases in storage may be attributed to the effective drying
of seeds by some farmers and ambient conditions of the stored rice seeds. The high
incidence of seed-borne fungi identified from the three districts could also be attributed

to activities of storage pests.

5.1.4 Frequency of cropping and sources of water to rice farmers in the three
selected districts

Rice farmers in the selected districts cropped once to three times in a year. Most farmers
(71 %) cropped once in a year, 24 % of farmers cropped twice and 5 % cropped three
times in a year. Rice farmers depended on rainfall and irrigation facilities or both as
their sources of water for cropping in a year. Most farmers who cropped once in a year
depended on rainfall as their source of water. Rice farmers who cropped twice in a year
depended most on both irrigation and rainfall (70 %) as their sources of water for
cropping. Majority of farmers (87 %) who cropped three times in a growing season
depended on irrigation as their source of water. Rice farmers in the selected districts

cropped once in a year due to the erratic rainfall patterns, thus making rainfall their
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main source of water for cropping. Smallholder rice farmers are rural poor folks who

do not have enough capital to purchase irrigation facilities.

5.1.5 Farmers’ knowledge about seed-borne fungal diseases of rice

Most farmers (64%) did not have knowledge about rice seed-borne fungal diseases,
while 30 % of rice farmers had some idea about symptoms of some rice seed-borne
diseases and 6 % of farmers were not sure about the diseases. From the surveys
conducted, farmers do not have knowledge about seed-borne diseases because of their
illiteracy rate and they tend to ignore symptoms of the diseases when they appear on
their fields and in storage, especially at locations where there are no extension agents
to monitor their activities. However, a survey conducted by Asare-Bediako et al. (2007)
in the northern part of the country reported a high illiteracy rate of 60 % among farmers
interviewed. These findings may, therefore, validate the reason why most smallholder
farmers rice in the country find difficulty in adopting new farming practices and
technologies but rather often use wrong dosages of chemicals, wrong application rates,
unimproved seeds as reported by Bull (1989). Lack of knowledge on seed-borne fungal
diseases by the smallholder rice farmers may account for the high incidence of seed-
borne fungal pathogens identified on the rice seed samples from the three selected
districts surveyed.

5.2 Seed health status of farmer-saved rice seeds in the three selected districts

On seed health, the present study revealed that none of the seed samples was free from
seed-borne pathogenic and saprophytic fungi. The rice seed samples were infected by20
different fungal species, comprising 16 pathogenic and four saprophytic fungi.Seed-
borne fungi such as Alternaria padwickii, Aspergillus niger, A. flavus,

Bipolaris oryzae, Fusarium verticillioides, F. oxysporum, F. solani and species of

Phoma, Cercospora, Penicillium and Colletotrichum have been identified on rice seeds
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(Javaid et al., 2002; Wahid et al., 2001). Bipolaris oryzae was the most important
pathogen that was most frequently identified on seeds. This pathogen causes brown spot
disease. Gerken et al. (2001) reported brown spot disease as one of the serious
constraints to rice production in Ghana. Brown spot is one of the important diseases of
rice capable of causing losses of 3 — 15 %.Surveys showed that brown spot causes a 5
% vyield loss in rice production (Savary et al., 2000).lts high incidence in the
neighbourhood of 90 — 100 % in the districts is of concern. Pathogen such as Fusarium
verticillioides can cause Bakanae disease which can be as high as 20 % in epidemic
cases. Educating farmers to adopt better seed treatment practices is necessary to sustain
yields of farmers. Also, farmers need to be educated to control this disease to avoid the
possibility of brown leaf spot outbreak in the three districts. Controlling the pathogenic
and saprophytic seed-borne pathogens would go a long way to increase plant

establishment during planting and this can contribute to increase in yields.

5.3 Effects of seed treatment on fungal pathogens of farmer-saved rice seeds

In experiments to develop appropriate and environmentally friendly ways of controlling
seed-borne pathogens, aqueous extract of ginger rhizome was found to be effective in
controlling most of the important seed-borne pathogens identified on the rice seeds. The
antimicrobial properties of ginger have been widely studied and reported (Hasan et al.,
2005).Ginger is known to have analgesic, sedative, cardiotonic and antimicrobial effect
(Hibert, 2006).Ginger showed inhibitory effects on A. niger, Rhizopus and Penicillium

spp. on seeds of different sunflower cultivars(Afzal et al., 2010).

The ability to control seed-borne pathogens was due to the fact that ginger contains 400
different compounds, a mixture of both volatile and non-volatile chemical constituents

such zingerone, shogaols and gingerols, sesquiterpenoids (PBsesquiphellandrene,
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bisabolene and farnesene) and a small monoterpenoid fraction (Bphelladrene, cineol and
citral) (Chrubasik et al., 2005; Grzanna et al., 2005). These several chemical
constituents increase its antimicrobial effectiveness. This antimicrobial activity was
believed to be attributed to the major compounds in zingiberene, and their activity could

be multiple (Ali et al., 2005; Singh et al., 2008; Anwar et al., 2009).

Various reports are available on the antimicrobial property of the rhizomes of ginger

(Habsah et al., 2000; Guptha and Ravishankar, 2005; Nanasembat and Lohasupthawee,
2005) and aqueous extracts from ginger was studied for antimicrobial activity against
Aspergillus niger, Saccharomyces cerevisiae, Trichoderma sp., Lactobacillus

acidophilus and Bacillus cereus.

Aqgueous extracts of pepper and lemongrass were also effective in controlling seedborne
fungi in this study but ginger was the best among them. A number of reports exist that
indicate that pepper and lemongrass extracts have antimicrobial properties. Al-Delaimy
(1999), reported that the antimicrobial component present in pepper is prescribed for
diseases such as diarrhea, and cholera. Pepper has antimicrobial property of actively
preventing bacteria such as E.coli (Arun, 2001). Pepper extracts have been shown to
reduce aflatoxin production in A. parasiticus IFO 30179 and A. flavus var columnaris
S46 (Ito et al., 1994). Mohamed et al. (2006) reported lemongrass extract to be among
the most significant of the newly uncovered, nontoxic therapies and one of the most
useful antimicrobial agents successfully used for the treatment of all kinds of infections
arising from fungi, viruses, bacteria, parasites and other microscopic invaders. Aqueous
extracts of lemongrass completely reduced seed infection by Macrophomina
phaseolina, F. verticillioides, Botryodiplodia theobromae (Bankole and Adebanjo,
1995).Cold water extract of lemongrass checked the spread of anthracnose of cowpea

(Amadioha and Obi, 1999). Somda et al. (2007) also found that lemongrass extract
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reduced F. verticillioides infection in sorghum. Lemongrass was also reported to
possess antifungal activity capable of controlling postharvest pathogens (Tzortzakis and

Economakis, 2007).

5.4 Effect of seed treatment on germination of rice seeds

The use of infected seeds without any seed treatment against infecting pathogens is
often responsible for the decrease in seedling emergence and germination (Hofs et al.,
2004). Low seed quality is a serious problem in crop production especially in most

developing countries.

Results of this study revealed that all the treatments improved seed germination, except
ginger extract. Germination of seeds treated with ginger extracts was lower than the
untreated seeds after 1and 2h of seed treatment. The reason may be that the active
ingredients in ginger were phytotoxic to the rice seeds. Also, storage fungi (A. flavus,
A. niger and Rhizopus sp.) and pathogenic fungi (B.oryzae, Cercosporasp., C. unata
and F. verticillioides) may have accounted for the reduction in germination by ginger
extract. The association of seed-borne pathogens including C. lunata and Fusarium spp.
has been reported on pearl millet cultivars causing reduction in seed germination
(Elisabeth et al., 2008). ljaz et al. (2001) reported that Aspergillus niger is a damaging

storage fungus that deteriorates seed quality and reduces seed germination.

The improvement in seed germination by lemongrass and pepper aqueous extracts could
be attributed to the suppression of the incidence of the seed-borne fungi. This agrees
with that of Parimelazhagan and Francis (1999) who established that leaf extracts of
Clerodendrum viscosum (Vent.) increased seed germination and improved seedling
development of rice seeds. These results strongly suggest seed treatment before planting

to escape the infection by seed/soil borne fungal pathogens of seedlings.
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CONCLUSION AND RECOMMENDATIONS

CONCLUSION

The study revealed that the majority of smallholder rice farmers (71 %) in the
EjisuBesease, Ahafo-Ano South and Afigya- Kwabre districts of the Ashanti Region
saved their own rice seeds for the next planting season. About 53 % of the farmers used
fertilizer nylon bags as storage container and others saved their rice seeds in jute sacks
and polythene bags under ambient conditions. Majority of farmers did not treat their
seeds before storage and prior to sowing (88 and 94 %, respectively) against insect pests
and diseases. Most farmers stored their rice seeds for three to five months. Also,
majority of farmers sun-dried their rice seeds for three to five days when there is enough
sunshine. Most farmers cropped once in a year and they depended on rainfall as their
source of water. Most farmers did not have knowledge about seed-borne diseases of
rice. The most prevalent seed-borne fungi of the farmer-saved rice seeds in the three
selected districts wereB.oryzae, Cercospora sp. C. lunata, F. pallidoroseum, F.
oxysporum and F. verticillioides and the saprophytic fungi, Aspergillus flavus, A. niger,

Penicillium sp. and Rhizopus sp.

Aqgueous extracts of ginger, lemongrass and pepper were found to be effective in
reducing the levels of infection by seed-borne pathogens significantly. Ginger extract
was the most effective, and compares favourably with the chemical fungicide
(Mancozeb). Aqueous extracts of ginger, pepper and lemongrass could be depended on

by smallholder farmers for the management of seed-borne diseases of rice.
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RECOMMENDATIONS
» Farmers should be educated to take proper measures to keep their saved seeds
to maintain good health, purity and viability to enhance yield and sustainable
rice production.
» Further studies should be conducted to determine the efficacy of these aqueous
extracts under field conditions and also search for other plants with better

antimicrobial potential and large spectrum of activity.
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APPENDICES

Appendix 1: Occurrence of fungi recorded on 17 rice seed samples collected from

Ahafo-Ano South District

Fungi isolated Number of seeds infected Frequency of occurrence (%)
Alternaria padwickii 170.0 5.0

Alternaria sp. 34.0 1.0

Aspergillus flavus 2057.0 60.5

Aspergillus niger 68.0 2.0

Bipolaris oryzae 3400.0 100.0

Cercospora sp. 680.0 20.0
Colletotrichum sp. 34.0 1.0
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Curvularia lunata
Curvularia pallescens
Curvularia sp.
Fusarium verticillioides
F.pallidoroseum
F.oxysporum

F.solani

Nigrospora oryzae
Penicillium sp.
Sarocladium oryzae

Stemphylium sp.
Rhizopus sp.

731.0

119.0

17.0

2669.0

561.0

714.0

34.0

221.0

68.0

68.0

68.0
1666.0

21.5

3.5

0.5

78.5

16.5

21.0

1.0

6.5

2.0

2.0

2.0
49.0

Total rice seeds tested = 3400
Appendix 2: Occurrence of fungi recorded on 23 ricesamples collected from

Ejisu-Besease District

Fungi isolated

Number of seeds infected

Frequency of occurrence (%)

Alternaria sp.
Aspergillus flavus

Aspergillus niger
Bipolaris oryzae
Cercospora sp.
Curvularia lunata
C. pallescens
F.verticillioides
F.oxysporum
F.pallidoroseum
F.solani

Penicillium sp

138.0
4600.0

161.0
4508.0
1380.0
1794.0

23.0
874.0
92.0
552.0
23.0
276.0

79

3.0
100.0

3.5
98.0
30.0
39.0

0.5
19.0

2.0
12.0

0.5

6.0



Phoma sp.
Sarocladium oryzae

Rhizopus sp.

92.0
69.0
4600.0

2.0
1.5
100.0

Total rice seed tested = 4600

Appendix 3: Occurrence of fungi recorded on 20 rice samples collected from

Afigya-Kwabre District

Fungi isolated

Number of seeds infected

Frequency of occurrence (%)

Aspergillus flavus 4000.0 100.0

Bipolaris oryzae 3800.0 95.0

Cercospora sp. 760.0 19.0

Curvularia lunata 280.0 7.0

Fusarium verticillioides 2420.0 60.5

F.pallidoroseum 60.0 1.5

F.oxysporum 180.0 4.5

Penicillium sp. 1440.0 36.0

Phoma sp. 40.0 1.0

Rhizopus sp. 3600.0 90.0

Sarocladium oryzae 49.0 1.0

Total rice seed tested= 4000
Appendix 4: Effect of seed treatment after 1 h of exposure on test fungi
% Occurrence of test fungi/treatment
A A B. Cercospora C. F. Rhizopus

Treatments flavus niger  oryzae Sp- lunata verticillioides Sp-
Ginger 1.5 0.0 0.5 1.0 0.0 0.0 0.0
Pepper 25.0 65.5 4.0 0.0 2.0 3.0 16.5
Lemongrass 5.5 0.0 17.0 0.0 5.5 4.5 0.5
Mancozeb 0.5 0.0 0.0 0.0 0.0 2.0 0.0
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Sterile distilled

water
0.5 0.0 6.0 1.5 1.0 0.5 1.0
Values have not been transformed
Appendix 5: Effect of seed treatment after 2 h of exposure on test fungi
% Occurrence of test fungi/treatment
A A B. Cercospora o F. Rhizopus
. sp. verticillioides sp.
Treatments flavus  niger oryzae lunata
Ginger 05 00 0.0 0.0 0.0 0.0 0.0
Pepper 23 05 9.0 0.0 0.0 0.5 3.0
Lemongrass 0.5 55 14.0 0.0 0.0 1.5 0.5
Mancozeb 05 00 0.5 0.0 0.0 0.5 0.0
Sterile distilled
water
50 00 25.0 1.0 55 7.0 1.0
Values have not been transformed
Appendix 6: Effect of seed treatment after 5h of exposure on test fungi
% Occurrence of test fungi/treatment
A A B. C. F. Rhizopus
. verticillioides sp.
Treatments flavus  niger  oryzae  lunata
Ginger 1.5 0.0 55 0.0 0.5 0.0
Pepper 25.0 16.5 8.0 0.5 55 0.5
Lemongrass 5.5 8.0 145 0.5 2.5 6.0
Mancozeb 0.5 0.0 0.0 0.5 0.0 0.0
Sterile distilled water 0.5 0.0 7.5 1.0 6.5 0.0

Values have not been transformed

Appendix 7: Effect of seed treatment after 24 h of exposure on test fungi

% Occurrence of test fungi/treatment
Treatments
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A. A. B. C. F. Rhizopus

flavus  niger  oryzae lunata verticillioides Sp.
Ginger 3.0 0.0 9.0 0.0 3.0 0.0
Pepper 72.5 77.5 0.5 1.0 2.0 15.0
Lemongrass 1.0 0.0 2.5 0.0 1.0 0.0
Mancozeb 0.5 0.0 0.0 0.0 0.0 0.0
Sterile distilled water 3.0 0.5 20.5 2.5 3.0 0.5

Values have not been transformed
QUESTIONNAIRE on seed-borne fungi of farmer-saved rice seeds in inland valleys

in three selected districts of Ashanti Region.

1.

2.

10.

11.

12.

13.

14.

15.

16.

Name of farmer................

Sex....

Age....

Level of education of farmer

How long have you been in rice production?

How long have you been cultivating rice on your land?

Do you cultivate rice on the same piece of land every year?

What type of cropping systems do you practice? Do you intercrop?

What are the major constraints encountered in your rice production?

Of these constraints which is most important?

What are the main pests encountered in your rice production?

What are the main diseases encountered in your rice production?

At what stage of production do you see these problems? Seeds, seedlings, etc

Is there a need for pest and disease control? Yes / No

What are the symptoms of the diseases?

How do you manage or control these pests and diseases?
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17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Do these pests and diseases reduce your yield?

Can these pests and diseases be managed to produce appreciable yields?
How do you select your varieties?

Where do you obtain your rice seeds?

What varieties do you use and why?

Do you plant under irrigation?

How many times in the year do you plant rice?
What month do you plant your rice and why?

How do you know rice is matured?

How do you harvest your rice?

How do you store your harvested rice?

Do you treat your seeds before storage? How?

What chemical do you use in treating your rice seeds before storage?
Avre pests and diseases encountered in storage?

What are the symptoms observed on the rice seeds during storage?
How long do you store your rice seeds?

Do you treat your seeds before sowing?
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Setup for identification of Rice seeds plated in petri
seed-borne pathogens dishes before incubation

WJ: 4{ 3
Plant material and aqueous Plating o_f rice sgeds before
extracts preparation incubation

Rice field infected with Brown A section of rice farmers
spot interviewed during survey
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