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Abstract

Seed borne fungi are one of the major food limiting factors
contaminate of food grains in many countries. The present study was
undertaken under laboratory conditions of Plant Protection
Department, College of Agricultural Studies, Sudan University of
Science and Technology to detect and identify the seed-borne fungi on
sorghum, pearl millet, groundnut and sesame seeds collected. from four
different locations, each in one state of Sudan and their possible
control using aqueous plant extracts chemical fungicides. Out of the 16
seed samples, 4 of each crop, tested for seed borne fungi, a total of 7
genera of 8 si)ecies of fungi were deced. The fungal pathogens
recorded were Aspergillus flavus, Aspergillus niger, Fusarium spp.
Penicillium spp. and Rhizopus spp. Alternaria spp., Macrophomina
spp. and Drechslera spp. with mean percent incidence ranging from
1.0 - 70%. The higher percent incidence was recorded by Aspergillus
flavus (70%) in groundnut. The four most prevailing seed borne fungi
recorded across crops seeds were Aspergillus flavus, Aspergillus
Niger, Penicillium spp. and Rhizopus  spp. with varying level of
incidences. Likewise, all concentrations (25, 50 and 100%) of the
leaves aqueous extracts of all plants tested neem, damas and fungicide
exhibited significantly high inhibitory effect against the linear growth
of fungus compared to control. Moreover, concentrations of each
aqueous extract as well as that of fungicide reacted differently against

test fungus. However, the Neem plant extracts (50 and 100%) and tilt
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as well at all concentrations gave the highest inhibition zones percent
(78.9%, 88.8%, 90.4%, 100% and 100%) respectively after five days
from inoculation. Generally, the results showed that the antifungal
activity increase with increase in extract concentration. Obviously, the
test fungus differs in its response to the different concentrations but on
the whole, growth inhibition increased with the concentration. The
findings of this study are therefore, important as they highlight the
need for effective measures aimed at reducing seed-borne fungi

incidence in stable food crops seeds in Sudan.
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CHAPTER ONE

‘ INTRODUCTION ,
‘Food crops are ones of the most important food crops in many part of

the world. Among these food grains, sorghum, sesame, millet and
groundnuts play an important role in food security. According to FAO
(2006), food grains are cultivated on about 9.89 million hectares in the
world, with an average annual production of 7.80 million Mt in the Year
2002 (FAO, 2002). Its average productivity is 789 kg/ha.

Currently, these crops are being cultivated fhroughout the semi-arid
region of the world (Agrios,. (1997).). Out of the 33 countries growing
food crop, 18 cultivate in access of 20 thousands hectares which
represent 92 of the production area, 89 percent of this is concentrated in
‘semi-arid tropical countries (Agrios,. (1997)). In fact, these crops
provide major source of low-cost carbohydrates for masses, of low-
income groups. Apart from being an important source of diefary- protein
for human consumption, this crop is also important for the management
of soil fertility (Agrios, - (1988).).

In Sudan, where agriculture continues to dominate the economy of the
country, more than 80% of the population is engaged in crops
| production. Food crops, which occupy more than 7,000 ha, are
considered one of the principal cultivated crops in the Sudan. These

crops have a significant role in the diets of the Sudanese people and
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contribute substantially to their income. It is also gaining further
importance as a source of protein (FAO Stat, 2006).

The major constraints facing the productivity of these food crops
worldwide are the losses caused by diseasés, insects, nematodes fungus
diseases and parasitic weeds. Among these, the most important are
fungi, affecting roots, stems, leaves, flowers, and seeds. Unfortunately,
the threat to these food crops from fungal contamination of seeds has
now reached a level that outstrips that posed by bacterial and viral
diseases (Aiyelaagbe,.(2001).). The seed borne fungi of most concern
are produced by species within the genera of Aspergillus, Fusarium, and
Penicillium that frequently occur in seeds of major food crops in the
field and continue to contaminate them during storage, including cereals
and oil seeds (Aiyelaagbe.(2001). ‘

In fact, Aspergillus spp. are ones of the major food limiting factors
contaminate in many countries (Singh and Dahiya, , and Mohamed,
2002).

In Sudan, several seed borne fungi are known to limit utilization of food
grains, of which Aspergillus sp. is one of the most important. (Yousif e
al, (2010) indicated that Aspergillus spp. are the most important
spoilage of food grains in the Sudan. Moreover, and in most cases, in
order to prevent the plant pathogens and to protect the crop plants
against them, chemical control methods are in practice. However,

although the use of chemicals has helped increase of yields obtained (
2



Yousif et al., (2010 )‘.buf one of the major problems with the constant
use of chemicals is that resistance can be induced in target organisms in.
addition to contamination of the environment with very toxic substances
(Okigbo, 2004; Carvalho, 2004). This has initiated the exploration of
- safe alternate products.
Historically, the presencé of antimicrobial compounds in higher plants
has been recognized as important products in combating food
contaminants. Such compounds, being biodegradable and selective in
their toxicity, are considered valuable for controlling some of these
fungal contaminants (Schmutterer,. 2002).
Based oﬁ the foregoing, this study was an exploratory investigation to
focus on (i) detection and identification of seed borne fungi associated
with seeds of four food crops in Sudanese grains markets, (ii) and to
evaluate the antifungal potentials of some plants extract and fungicide
(Tilt) efficacy against most fre-quently occurring fungus in order to
formulate promising method of control with»following objectives:-
- To detect and identify seed borne fungi associated with seeds of
four food crops
- To explore the antifungal potentials of some higher plants crude
extract against most common fungus seed born fugi
- To evaluate the efficacy of systemic fungicide on fungal growth
- To develop Integrated Management Approach for pathogenic fungi

associated with seeds of food crops.
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CHAPTER TWO

LITERATURE REVIEW

2.1. Food Crop
Grains, as they are sometimes called, provide more food energy

worldwide than any other crop and thus are staples. They are staple for
two third of the earth’s population, providing 85% of the world’s food
energy and protein intake (FAO, 2006).

In fact, consumption of food grains is moderate in developed countries
whereas in Africa and Asia, it is a daily sustenance. Moreover, in Africa,
grains contribute by 46% of the total energy intake; however, this figure
could be as high as 78% in some African countries (FAO, 2010).
Because of their rich nutrient composition, grains support fungal growth
and mycotoxin production excellently on the farm, during storage and

after processing into foods and feeds.

2.1.1. Millets (Pennisetum glaucum)

Millet is the common term for members of family Poaceae comprising
of a group of highly variable small-seeded grasses, widely grown around
the world as cereal crops or grains for both human food and fodder.
While millets are indigenous to many parts of the world, millets most
likely had an evolutionary origin in tropical western Africa, as that is

where the greatest number of both wild and cultivated forms exists.
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Millets have been important staples food in human history, particularly
in Asia and Africa, and they have been in cultivation in East Asia for the

last 10,000 years (Fuller-, 2003).

Pearl millet is an important staple food for millions of people inhabiting
the semi-arid tropics because it is a major source of calories and a vital
~ component of food in the developing world (Fuller- 2003).This crop is
best suited to harsh climate of seasonally hot drought prone semi-arid
region of Africa and Indian sub-continent. Milletsi are important crops in
the semi-arid tropics of Asia and Africa (especially in India, Nigeria, and
Niger), with 97% of millet production in developing countries (Ibrahim,
1990).

In Sudan Pearl millet is an important coarse grain summer cereal crop. It
" is favored due to its productivity and short growing season under dry,
high temperature conditions. The most widely grown millet is pearl
millet, which is an important crop in India and parts of Africa (Fuller-,
2003)

In the Sudan pearl millet is mainly grown in the western states in Darfur
and kordofan, in upper Nile, and soon it is also cultivated in small
patches in Damazin, Gedarif and Gezira states. The straw is used as
animal feeding, fuel f or making fences and the stalks are used for and

building. The crop is consumed as staple food (78%), drinks and other
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uses (20%). Feed use is still very small (2%). As food, they are
nutritionally equivalent or superior to most cereals; containing high
levels of methionine, cystine, and other vital amino acids for human
health. It is used as flour for making kisra, Asida, Nasha, madeedah,
Damergah (Ibrahim, 1990).

It is also unique sources of pro-vitamin A (yellow pearl millets) and
micronutrients (Zn, Fe and Cu) which are especially high in finger millet
(Munyaradzi and Makoni, 2013).

2.1.2. Groundnut (4rachis hypogaea 1.)
Groundnut (Leguminosae) is a major oilseed crop widely grown in

~ tropical and subtropical regions of the world, and is an important source
of protein which believed to be originated from South America (Wiess,
2000). Major groundnut growing countries are India (26%), China
(19%) and Nigeria (11%). Its cultivation is mostly cehﬁned to the
tropical countries ranging from 40° N to 40° S. Major groundnut
producing countries are: China (40.1%), India (16.4%), Nigeria (8.2%),
U.S.A (5.9%), Indonesia (4.1) and Sudan (30.6%) (Nwokoto, 1996).

Woﬂdwide, approximately 25.7 million tons of groundnuts are produced
annually from about 21 million hectares of cropped land. Asia alone
produces 17.9 million tons, 70% of global production. Africa produces
another 20%. About 60% of Africa's production comes from Western
Africa (FAO, 2006). |




It is an annual legume which is also known as peanut, earthnut, monkey-
nut and goobers (Nwokoto, 1996). It is the most important food crop and
oil seed crop of the world. Groundnut seeds (kernels) contain 40-50%
fat, 20-50 % protein and 10-20 % carbohydrate. Groundnut seeds are
nutritional source of vitamin E, niacin, falacin, callcium, phosphorus,
magnesium, zinc, iron, riboflavin, thiamine and potassium. Groundnut
kernels are consumed directly as raw, roasted or boiled kernels or oil
extracted from the kernel is used as culinary oil). It is also used as
animal feed (oil pressings, seeds, green material and straw) and
industrial raw material (oil cakes and fertilizer). These multiple uses of
groundnut plant make it an excellent cash crop for domestic markets as
well as for foreign trade in several developing and developed countries

(Nwokoto, 1996).

In Sudan Groundnut plays an important role in the diets of rural
populations, particularly children, because of its high contents of protein
(21-30%), fat (41-52%), and carbohydrate (11-27%). It is also rich in
calcium, potassium, phqsphorus, magnesium and vitamin E. Protein
meal, a by-product of oil extraction, is an important ingredient in
livestock feed. Groundnut haulms are nutritious and widely used for
feeding livestock. This crop afttacked by several diseases mainly fungal
diseases, among these fungi, Aspergillus spp. which produced secondary

metabolites called aflatoxin is the major is the contaminant that result in




acute and chronic poisoning in humans and animals on ingestion. The
health impacts of ingestion in humans include stunted growth and
development as well as an increased risk in liver cancer (Nwokoto,

1996).

2.1.3. Sesame (Sesamum indicum L)

Sesame is a flowering plant in the family Pedaliaceae. Numerous wild
relatives occur in Africa and smaller number in India. Sesame seed is
considered to be the oldest oilseed crop known to humanity (Raghav
Ram, et él., 1990). The crop has many species, and most are wild. Most
wild species of the genus Sesamum are native to sub-Saharan Africa.
The cultivated type is Sesame indicum which is widely naturalized in
tropical regions around the world and is cultivated for its edible seeds.
Sesame seed is one of the oldest oilseed crops known, domesticated well
over 3000 years ago. It was a major summer crop in the Middle East for

thousands of years (Raghav Ram, ef al., 1990)

Sesame has one of the highest oil contents of any seed. With a rich nutty
flavor and is a common ingredient in cuisines across the world (Ray
Hansen, 2011). Although this crop is very important crop but in Sudan it
became second class in oil crops after Groundnut in Sudan. The crop is
attacked by several diseases and pest of which the most important are
diseases caused by fungi. Among these are of the genus Fusarium,

Alternaria, and leveillula. The crop is also used to be contaminated with
8




secondary metabolites like Aflatoxin which produced by Aspergillus
spp. (Ray Hansen, 2011).

2.1.4. Sorghum (Sorghum bicolor (L.) Moench)
Sorghum bicolor (L.) Moench, sorghum of the family Poaceae, is one of

the world's major grain crops. It is extensively cultivated in marginal
rainfall areas of the tropics and Subtropiésg and selected varieties are
widely grown in temperate climates. It is generally, considered to have
first been domesticated in North Africa, possibly in the Nile or Ethiopian
regions as recently as 1000 BC( Agrios 2005). Today, sorghum is
cultivated across the world. It is quantitatively the world’s fifth largest
most impbrtant cereal grain, after wheat, maize, rice and barley. In
Africa, sorghum is still largely a subsistence food crop that increasingly
forming the foundation of successful food and beverage industries .(
Agrios 2005). Sorghum in Africa is processed into a very wide variety of
attractive and nutritious as traditional foods, such as semi-leavened
bread, couscous, dumplings and fermented and non-fermented porridges.
It is the grain of choice for brewing traditional African beers. Sorghum
is also the grain of 21st century Aﬁi;:a. New products such as instant
soft porridge and malt extracts are great successes. In the competitive
environment of multinational enterprises, sorghum has been proven to
be the best alternative to barley for lager beer brewing. The potential for

sorghum to be the driver of economic development in Africa is




enormous. Continuing focused fundamental and applied research is
essential to unleash sorghum’s capacity to be the cornerstone of food

security in Africa ( Agrios 2005)

Sorghum grain is one of the major ingredients in swine, poultry and
cattle feed in the western hemisphere, China and Australia. Sorghum is
also grown for forage; in northern India it is very common and fed to
animals fresh or as silage or hay. Sweet sorghum is used to a limited
extent in producing sorghum syrup and ‘jaggery’ (raw sugar) in India

and has recently gained importance in ethanol production (Agrios 1997).

In Sudan the crop ié either from the semi-mechanized rain-fed sub-sector
or irrigated sub-sector (Agrios 1997). semi mechanized farming is the
main producer of sorghum, producing around 65 % of the 4.23 Million
MT, which is the total sorghum production in Sudan (FAO/WFP, 2006)
with an area of about 6 million hectares located in the region of Gadaref,
Blue Nile, Sennar, Kosti, Renk, Dilling, and Kordofan, Darfur states
(FAO/WEFP, 2006)

In the Sudan the crop is subject to contamination by several
contaminants, among those is Drechslera spp., Fusarium spp.,
Aspergillus spp., where Aspergillus niger is one of the most common

species of the genus Aspergillus. (Samson, 2001).
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2.2.hughar plant extract:

2.2. 1. Neem (Azadirachta Indica Juss.)
The Neem (family Meliaceae) which is tropical evergreen tree is thought

to have originated in Asia and Burma. However, the exact origin is
* uncertain, some at authors said Neem is native to the whole Indian, other
attribute it to dry forest areas, throﬁghout all of south and south Asia
(Ruskin, 1991).

In India, Neem is known as “the village pharmacy” because of its
healing versatility, and it has been used in medicine for more than 4,000
years due to its medicinal properties. Neem is also called ‘arista’ a word
that means ‘perfect,. complete and imperishable’. The seeds bark and
leaves contain compounds with proven antiseptic, antiviral, antipyretic,

anti-inflammatory, anti-ulcer and antifungal uses (Ruskin. 1991)

All parts of the tree have been examined by chemists which contains
number of chemical compound called "triterpeness" or limonoids .there
are nearly 100 proto limonoids, limonoids or triterpenoid, pentanor,

hexane or triterpenoid and some none terpenioid (Janes ef al., 1985).

The Neem oil contains several terpenioid, steroids alkaloids, flavonoids,
glycoside and other (Anonymous 2001).Biological activities of Neem

products Neem has been used as an effective postharvest protestant for
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many crops .Neem is especially against the cow pea weevil (David et al

2003).

In Sudan, Neem is introduced in the 20 century. The first one were
planted at Shambat in 1916, today trees are spread in town and villages
along the Blue and White Nile, irrigated areas of Central Sudan,
Kordofan and Darfur (Schmutterer, 1969).

The Neem tree produce a compounds of many active ingredients called
~ Azadirachtin and it is tetramer titer penoid compound which influences
the hormonam, feeding activity reproduction and fling ability of insect.
Azadirachtin hl systeas low mammalian toxicity. It degrades rapidly in
the environment and has low side effects on non-target species and
beneficial insects. Seeds of the Neem tree contain the highest
concentration of Azadirachtin. Salanin inhabits the feeding of wider any
of insect pests, Nimbin and Nimbidin showed antiviral effects (Ganguli,
2002). Extract of various parts of the tree studied by many chemicals
that isolated many different compounds. Most of the known active
compounds belong to the group of titer penoids (Schmutterer, 1990).
Azadirachtin and Solanin are the most important constituents of Neem
seed kernel composition, other active compounds in the seed kernel are

Salanin, Salanol, Acetate, Nimbin and Deactly nimbidin .
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2.2.2. Damas (Conocarpus lancifolius Engl.)
Damas is one of the most important species in this family Combretaceae

(Pandey and Misra, 2008). It is an evergreen tree that grows up to 20 m
in height and 60 - 250 cm or more in diameter. It is usually a multi-
branched tree in its natural habitat, trees planted in the Sudan formed 2

single, straight stem.

The tree is multipurpose; wood which is the main product is used
domestically for house construction, firewood and excellent charcoal.
Commercially timber was more useful formerly; it was cut and exported
from Somalia to Arabia for dhow construction. Other p@‘temiaﬁ uses
include wood based board. Bark may be a useful source of tannins

(Booth, 1993).

The tree is evergreen and its foliage makes a good fodder, also it is a
good shade and roadside tree. It is used as wind breaks around irrigated
agricultural areas and for avenue planting. As drought-resistant species,
C. lancijoliusis is one of the more promising trees for trials in arid areas.
It is recommended for a variety of soil types including saline soils; and

yields excellent charcoal and valuable wood( Booth, 1993) .

Information on the importance of C. lancifolius in its native distribution
areas relative to other species with similar wood, fuel and forage uses is
lacking hence it is difficult to assess its importance. However, Somali

tribe owing the Damas at the dry river valleys (wadis) containing C.
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lancifolius have restricted cutting because of the threat of

overexploitation (Booth, 1993).

Damas grows best in areas where the mean annual temperature ranges
from 20°c -30°c, but where the maximum summer temperature has
| reached 50°c. The tree grows from sea level up to about 1000 m. The
rainfall in its natural habitat is generally between 50 mm and 400 mm,
but the tree grows mainly along seasonal watercourses. It can be grown
~ in plantations in areas with less than about 400 mm but grows well only
if irrigated or within reach of groundwater. It withstands drought
conditions for several months when irrigation fails. Damas does well on
deep soils ranging from pure sand to clays and loams, but has difficulty

on shallow soils. It will tolerate moderately saline soils (Pandey and

Misra, 2008).

2.3. Seeds borne fungi

The' negative impact of seed borne pathogens on crop quality and
quantity was demonstrated by many investigators ( Agrios ,2005).
showed that there was a significant decrease in oil content of sunflower
seeds infected with Rhizopus oryzae( Agrios,2005).) who analyzed
wheat seeds concluded that fungal infection led to abnormal seedlings
and dead seeds. Foods contamination and its associated risks to humans,
wild animals and livestock and reduced grain quality have been reported

by several authors (Haq Elamin ,ef al., 1988 Yousif.et al., 2010).
14




Generally, fungi are one of the destructive agents causing losses of
agricultural commodities in many zones of the world, ranking alongside
insects and weeds for crop loss or yield reduction. They can occur on
growing in-field crops as well as harvested commodities, leading to
damage ranging from rancidity, odor, flavor changes, loss of nutrients,
and germ layer destruction. This can result in a reduction in the quality
of grains, as well as gross spoilage and possible mycotoxin production.

(Oerke and Dehne, 2004).

| Spoilage fungi under inductive condition may cause problems once the
crop is harvested if not able to attack crops in the field. Some spoilage
ﬁ,lngi‘can also produce myéotoxins although they are not pathogenic.
The seed borne fungi of most concern are produced by species within
the genera of Aspergillus, Fusarium, and Penicillium that frequently
occur in major food crops in the field and continue to contaminate them
during storage, including cereals, oil seeds, and various fruits (4zhar, ef

al., 2009).

Seed-borne mycoflora of sorghum reported from different parts of the
world include Alternaria alternata, Aspergillus flavus, A. fumigatus, A.
niger, Cladosporium spp., Fusarium moniliforme, F. oxysporum, F.
pallidoroseum, Drechslera tetramera, Nigrospora spp., Phoma spp., and
Rhizopus spp. (Haq Elamin, 1988). In his study he reported that there are

a large number of other moulds that have been isolated from food and
15




feeds, particularly cereals, oilseeds, herbs and spices. These include
Cladosporium, Geotrichum, Mucor, Rhizopus, Moniliella, Paecilomyces,
Wallemia, Byssochlamys, Talaromyces, Eupenicillium, Claviceps,
Phoma, Phomopsis, Curvularia, Chaetomz;ums Xeromyces and
Chrysosporium. Some of these produce mycotoxins, to some of which
legislative restrictions may apply (patulin from Byssochlamys, for

example), others do not.

However, Fusariuin, ~ Aspergillus, Penicillium and Alternaria are
amongst the most common fungal species associated with growth in and
damage to food crops in the field, and in store, if poor storage conditions
prevail after harvest, especially in case of previously dried commodities

(Bandyopadhyay, 1986).

It is well known that Fusarium spp. are major wilt pathogen of many
economically important crop plants. It is a soil-borne pathogen, which
can live in the soil for ldng periods of time. Jones ef al., (1982) reported
that Fusarium species are mainly plant pathogens and normally occur in
association with plants and cultivated Soils. Infection may occur in
developing seeds, and in maturing fruits and vegetables. Damage is
usually éonﬁned to pre-harvest, for cereals, or immediately post-harvest
until drying is well under way. Vegetables can continue to be spoiled in

store, due to their higher water activity.
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Examples of species are Fusarium chlamydosporum, Fusarium
culmorum, Fusarium solani, Fusarium equiseti, Fusarium graminearum,
Fusarium oxysporum, Fusarium proliferatum, Fusarium poae, Fusarium
semitectum, Fusarium subglutinans, Fusarium sporotrichicides and

Fusarium verticillioides (alternative name (synonym) F. moniliforme).

Obviously, Fusarium species causes a huge range of diseases on an
extraordinary range of host plants. As mentioned earlier the fungus can
be soil borne, airborne or carried in plant residue and can be recovered
from any part of the plant from the deepest root to the highest flower
(Booth 1971; Summeral e al., 2003).

The role of Aspergillus species in food spoilage as well is well-
established Haq Elamin et al., 1988; Yousif,.et al.,, 2010). Many
Aspergilli are xerophilic and preéent particular problems during
commodity harvest, and during subsequent drying and storage. About 30
species of Aspergillus 6r their teleomorphs are associated with food
spoilage, these include: Aspergillus flavus, Aspergillus parasiticus,
Aspergillus nomius, Aspergillus ochraceus, Aspergillus tandidus,
Aspergillus restrictus, Aspergillus penicillioides, Aspergilius niger,
Aspergillus carbonarius, Aspergillus fumigatus, Aspergillus clavatus,
and Aspergillus carbonarius, and Aspergillus versicolor (Peter, 2010.)
However, Haq Elamin NH et al., (1988); Yousif et al., (2010). reported

that Aspergillus species tend to be associated more with tropical and
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warm temperate crops, for example oilseeds and nuts, since they prefer
to grow at relatively high temperatures. They concluded that, Aspergillus
Sflavus, Aspergillus parasiticus and aflatoxins typically affect 05]&8@@@3,,
including groundnuts, soya, tree nuts, maize and various oilseed-based
animal feedstocks - cotton seed cake, copra, sunflower, but can also
affect rice, wheat, sorghum, figs, coffee and sweet potatoes, for

example. Aflatoxins are also noted in milk, via contaminated animal

feed.

Moreover, Penicillium as well is a large genus containing 150
recognized species, of which 50 or more occur commonly. Many species
of Penicillium are isolated from foods causing spoilage; in addition,
some may produce bioactive compounds. Important mycotoxins
produced by Penicillium include ochratoxin A, patulin, citrinin and
penitrem A. Some of the most important toxigenic species in foods are
Penicillium expansum, Penicillium citrinum, Penicillium crustosum and

Penicillium verrucosum (Pitt., 2006).

A much larger number of Penicillium species are mainly associated with
food spoilage. Those include Penicillium aurantiogriseum, Penicillium
chrysogenum, Penicillium digitatum, Penicillium griseofulvum,
Penicillium italicum, Penicillium oxalicum and Penicillium viridicatum;
some of these produce mycotoxins. However, Penicillium species are

associated more with cool temperate and temperate crops, mainly
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cereals, since most species do not grow very well above 25-30°C (Pitt.,

2006).

One of the plant pathogens that can produce toxins in both pre- and post-
harvest commodities are Alternaria species. They are characterized by
very large brown conidia with a characteristic "beak" at the tip. The
most common species is Alfernaria alternata; others include Alternaria
tenuissima, Alternaria infectoria, Alternaria citri, Alternaria
brassicicola and Alternaria brassicae. The species Aternaria alternata
and Alternaria tenuissima are pathogenic to a wide range of crops; the

other species have more limited host ranges.

2.4. Control of Seed Borne Fungi

The control of seed borne fungi can be considered broadly in terms of
exclusion and elimination of inoculum ((Peter, 2010.) However, use of
chemical to control diseases is indispensable). Several fungicides hé;V@
been used for control of different plant pathogens including fusaria
(Liggit et al. 1997).and the number of effective fungicides with
negligible effect on the environment is rare. Fungicides are expensive,
can cause environmental pollution and may cause the selection of

pathogen resistance (Lumsden and Locke 1989).

However, alternative methods of controlling the disease have been

studied with emphasis on novel compounds derived from plant sources
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(Garibaldi et al. 1990; Alabouvette 1999). Plant exfracts and plant
essential oils have been reported to be effective antimicrobials against
food and grain storage fungi, foliar pathogens and soilborne pathogens
(Bowers and Locke 2000). Many plants and their products have been
reported to possess pest control properties. These are good alternatives

to chemical pesticides, as they are readily biodegradable in nature

(Singha et al., 2010).

A group of studies were carried out to investigate the antifungal activity
of plant extract. In fact the antifungal activities of some plants extracts in
controlling different pathogens have been reported by several workers
who pointed out that the active compounds present in plants were
influenced by many factors which include the age of plant, extracting

solvent, method of extraction and time of harvesting plant materials

(Tewarri and Nayak, 1991; Amadioha, 2000; Okigbo, 2005)

In Sudan, ten Sudanese plants were screened for their antibacterial
activity, seven of them showed promising results. Crude extracts
solution obtained from the plant Gordenia lutea, showed antibacterial
activity against Bacillus subtilis, Staphylocous aureus, Escherichia coli
and Pseudomonas aeruginoza (Ahmed et al., 1984). reported that ginger
oil showed antimicrobial activity against Staphylococcus aureus, while,(

Singha et al., 2010).
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reported that Staphylococcus aureus was semsitive to clove oil. The
fenugreek oilwas also found to inhibit Salmonella typhimurium (Ahmed
et al., 1984). Despite of the growth of global market for herbal products,
following complementary and/or alternative medicines, homeopathy,
health foods and natural-pharmaceuticals therapy, yet the majority of

these herbs were not assessed for quality, safety and efficacy.

Seed health testing for the presence of seed borne pathogens is an
irhporta.nt step in the management of crop diseases. This is simply
because, seed-borne diseases have been found to affect the quality and
quantity of food crops. Accbfdingly, ‘the importance of seed health
testing cannot be under estimated (Mathur and Kongsdal, 2003. The
pathogens can present externally or internally or associated with the seed
as contaminant. A number of laboratory seed health testing methods for
detecting fungi sampling were in use. This include, examination of dry
seeds, washing test, blotter method and its modification, agar plate
method, embryo and seedling symptom test). However, Blotter test is the
simplest and most widely used method especially in developing

countries (Mathur and Kongsdal, 2003).

In respect of the blotter test, seeds are typically surface sterilized with
dilute hypochlorite solution and planted in 6 x 9 inches blotters. These
are incubated and observed for 7 — 10 days. Fungal growth is recorded

and confirmed with microscopic examination (www.worldseed.org). It is
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possible that two methods may be required to detect a pathogen (Mathur,
2003).
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CHAPTER THREE

MATERISLS AND METHODS

3.1. Experimental site
This study was conducted in the laboratory of plant pathology,

Department of Plant Protection, College of Agricultural Studies, Sudan
University of Science and Technology during May-July, 2013. The aim
of this study was to detect and identify seed borne mycoflora associated
with seeds samples from four food crops collected from four different
locations, each in one estates of Sudan, and to explore the methods of

control under laboratory conditions where temperature 28°C.

3.2. Materials, tools and equipments used in the study
e Gloves

e camera

e marker pen

e electric blender
e Petri-dishes

e sensitive balance
e incubator

e needle

e flame

e fomalin

e laminar
23




e microscope

e slide

e aluminum foul

e water path

e potato dextrose agar(PDA)

e filter papers

e medical cotton
All materials except seeds, which used in this experiment, were
sterilized either using 1% sodium hypochlorite or 70% ethyl alcohol.
Formalin (10%) was used for Petri plate sterilization. staining of fungal
* cytoplasm was used according to (Aneja,2004) where cotton blue and
lacto phenol were used for providing a light blue background, against

which the walls of hyphae can easily be seen

3.3. Collection of seed samples
Sixteen seed samples, 4 of each crop, of sorghum, pearl millet, sesame

and groundnut were collected for detection and identification of seed-
borne fungi from four Estates of Sudan, during may 2013. The seeds
were randomly sampled from grains market’ seed stocks of four
different zones, El-Gazera, El-Gadarif, Niyalla and Elobied, one in each
Estate. Four seed samples, one of each crop, were obtained from each of
the. four zones. From each seed sample, an amount of 1000 gm of

homogeneous seeds were taken. Seed samples were drawn according to
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international standards for seed testing association (ISTA, 1966).
Collected samples were labeled and kept separately in sealed paper bags
and transported to the laboratory where they were stored at 5°C

refrigerator for further analysis.

3.4. Methods for detection and identification of seed borne fungi

3.4.1. Dry seed inspection
- All seed samples under test were examined under the stereoscopic

binocular microscope (using low magnification) for impurities such as
plant debris, weed seeds and for disease symptoms such as discoloration,

wrinkling or malformation.

3.4.2. Seed Health Testing
For the detection of the seed-borne fungi associated with each seed

samples standard blotter method as described by the International Seed
Testing Association (ISTA ,1993), was used. The seed samples in their
various forms according to their crops were then plated on moistened
filter papers (dia. 9.0 cm) in 9.0 cm sterilized Petri-dishes. Hundred
untreated seeds from each sample were used and plated at equalized
distances then incubated at 28°c for 7 days under alternating cycles to
enhance sporulation of fungi. A total of four seed samples per crop, with

three replications, were used.

Each seed sample at the end of the incubation was examined thoroughly

under compound microscope for the growth of fungi. Fungi found
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associated with seeds were carefully examined and identified based on
‘habit characters’ (Mathur, 2003). Slide preparation of fruiting
structures, such as conidia born in conidiophores, spores held together in
spore masses, sporodochia, and acervuli, pycnidiospore in pycnidia,
ascospores in perenthecia were each examined using compound
microscope -to confirm their identity using reference pubiicét@n
(Mathur, 2003). Records were then taken on incidence and infection

percent of the seed borne fungal pathogens identified on seeds.

3.4. Agar test
Seed samples were first treated with 1% sodium hypochlorite solution

for 3 minutes, washed 5 times with sterilized distilled water and dried
between 2 sterilized filter papers. Seeds were then planted in glass petri-
dishes containing Potato Dextrose Agar medium (PDA). The plates were
incubated for 7 days at 25°%. On the 8 day the seeds were examined

under compound microscope.

3.5 Source of fungus
Aspergillus niger was used in this test being the most frequently

identified fungus in seed samples. The fungus was obtained from fresh

culture previously isolated from seeds.

3.6 Collection of leaves samplés
Neem and Damas leaves were collected from trees growing in the

premises of the college of Agricultural study, Shambat.
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and brought to the laboratory where they were shade dried under
ambient The sample were then left to dry under room temperature for
two weeks, and then washed with distilled water béfore grinding using
an electric blender (Moulinex). The collected powder was used directly

for making aqueous extracts.

Temperature ground and powdered separately to obtain fine powder for

extraction.

3.6.1. Preparation aqueous extracts

The aqueous extract of Neem and Déms leaves powder were prepared by
adding 10 grams of the -leaves powder to 90 ml sterilized distilled
waters in a conical flask 250ml. The mixtures were shaken every 8 hours
till 24 hours at room temperature. The mixture was then strained using a
light cloth, and then filtered through filter paper what man No. 1 and

stored till the experiment time.

3.6.2. Preparation of concentrations of aqueous extracts
Three concentrations of.25- 50 and 100 ml of leaves and water extract

were prepared through series of dilution using distilled sterilized water.

The control was treated with sterilized distilled water.

The obtained fine powder form each plant leaves was weighted in to 25,
50 and 100gm and placed in a separate conical flask each containing 100

ml distilled water and was placed in a shaker for 4 hours. The solutions
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were later filtered through layers of muslin cloth. Concentrations of
25%, 50% and 100% concentrated of the Neem and damas leaves

extracts were prepared.

3.7. Test procedui‘e
Inhibition zone technique was used in this study as described by( Rao

and Srivastava (1994). The fungus spores suspension was prepared from
previously prepared pure culture by allowing the spores to grow on PDA
‘media treated with the desired concentration of Neem and Damas leaves

water extract.

The PDA media was amended with the required concentration (25, 50
and 100%) before being solidified in a conical flask of 250 ml, agitated
before pouring it into sterilized Petri dishes. Three plates were assigned
for each concentration and left to solidify. The other three plates with

PDA medium were served as control.

The Petri dishes of each concentration were inoculated using sterilized
filter paper disc dipped in a fresh culture suspension of corresponding
fungus and placed at the centre of the plate. In case of the control the
disc was treated with sterilized distilled water and placed at the centre of
- Petri-dishes. Inoculated Petri dishes were then incubated at 28 C° for 3,
4 and 5 days. The growth of the fungus was calculated every day.

Treated plates were arranged in a randomized complete block design.

28




The effect of each extracts was evaluated as percentage of reduction in

diameter of fungal growth (R) where:-
R= dc-dtx 100
Dc

Where

R = Percentage reduction of the growth,

dc= diameter of controlled growth

dt= diameter of treated growth.

3.8. Statistical analysis
The data obtained was statistically analyzed according to analysis of

variance (ANOVA), L.S.D test was used for means separation.
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CHAPTER FOUR

RESULTS
This study was conducted in the laboratory of plant pathology,

Department of Plant Protection, College of Agricultural Studies, Sudan
University of Science and Technology during May-July, 2013. The aim
of this study was to detect and identify seed borne mycoflora associated
with seeds samples from four food crops collected from four different
zone, each in one Estates of Sudan, and to explore the effect of aqueous
plant leaves extract of Neem and Damas and fungicide (Tilt) on the
linear growth Aspergillus mniger in culture media under laboratory

conditions where temperature around 28 oC.

The results are presented in Tables 1 to 7 respectively under the different
parameters investigated. The results cover detection and identification of
seed borne mycoflora associated with seeds samples of four food crops
collected from four different locations, each in one Estate of Sudan and
effect of aqueous plant leaves extract of Neem and Damas and fungicide
(Tilt) on the linear growth of Aspergillus niger in culture media under

laboratory conditions where temperature around (+28 ‘.

4.1. Detection and Identification of seed borne fungi

Aspergillus clavatus. A. niger . Cladosporium spp., Fusarium moniliforme .
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Drechslera tetramera, Nigrospora spp., Phoma spp., and Rhizopus spp.
Penicillium spp. Macrophomina spp.

4.1.1 Incidence of fungal species on the four crops seeds from
different locations.

Out of the sixteen seed samples, 4 of each crop, tested for seed borne
fungi, a total of 7 genera of 8 species of fungi were recorded (Table 1-4).
The mean percentage incidence of seed borne fungi of sorghum, millet,
groundnut and sesame revealed by the Blotter Method are given in
Tables 1, 2, 3 and respectively.

The fungal pathogens Detected were Aspergillus flavus, Aspergillus
niger, Fusarium spp. Penicillium spp. and Rhizopus spp. Alternaria spp.,
Macrophomina spp. and Drechslera spp.

The four most prevailing seed borne fungi Detected across crops seeds
were the non— pathogenic ones; Aspergillus flavus, Aspergillus Niger,
Penicillium spp. and Rhizopus spp. with varying level of incidences
(Table 1-4).

Irrespective of the source of seed, same fungi were detected, with
variation in fungus percentage infection e.g. Aspergillus niger was 86 %
in Nyalla as compared to 8.0 % in Gadarif (Table 1). Aspergillus ﬁavus
on groundnut was higher in Elobied 70% than Wad madani 25% (table,
3). Most samples tested for seed bomne fungi gave a wide and large
number of fungi with varying incidences (Table, 1-4). However, among

all four crops average percent frequency of seed borne fungi in
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groundnut was the highest 34% (table, 4) and fungi detected on
groundnut occurred in relatively higher incidence as compared to other

crops.

4.1.2. incidence of seed borne fungi on sorghum seeds
The results obtained (Table, 1) showed that out of the seven genera of

seed borne fungi detected in all samples of seeds, a total of species of
fungi were recorded I sorghum. The percent frequency of occurrence of
the seed borne fungi in seeds is higher in Niyalla 15% and Gadarif 14%
followed by Wad madani 13% anci Elobied 11%. However, Aspergillus
Niger in Niyalla .Was the most prevailing fungus with 86 % followed
byWodmadni 54% and lower in Gadarif 8% .while Drechslera was high
in Gadarif recorded 43% and lower in Niyalla recorded 1% also high
incidence of Penicillium in Gadarif 21% followed by Elobied 9% bat

lower in Wodmadni recorded 2%.
Frequency of occurrence compared to other fungi.

Table. 1 ;seed borne Fungi and their frequency (%) isolated form
sample of sorghum from deferent location in Sudan

Species/location ~ Niyalla Elobied Gadarif wad  Total mean

Aspergillus flavus 0.0 25 13 10 48 12.0a
Aspergillus niger 86 = 21 8.0 54 - 169 42.3ac
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33

- Alternaria spp. 11 1.0 0.0 0.0 12 03.0b
Macrophomina 0.0 3.0 10.0 8.0 13 03.3ab
spp.
Rhizopus spp. 6.0 13 3.0 18 40 10.0c
Drechslera spp. 1.0 4.0 43 1.0 49 12.3ab
Penicillium spp. 4.0 9.0 21 2.0 36 09.0d
Mean % 5 11 14 13 53
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4:1.3 incidence of seed borne fungi on millet seeds
Frequency of occurrence of seed borne fungi in pear]l millet (Table 2)

Penicillium spp was higher in Niyalla 57% followed by Elobied
61% Gadarif 20% and Wad medani.5%. Among all species of seed

borne fungi detected in all locations, average percent frequency of
Penicillium spp. in pearl millet was the higher 36% followed by

Aspergillus flavus 29% and Aspergillus Niger 18%.
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Table. 2 : seed borne Fungi and their frequency (%) isolated form
sample of millet from deferent location in Sudan

Species/location Niyalla Elobied Gadarif Wad  Total mean

Aspergillus flavus 27 18 33 37 115 29.0a
Aspergillus niger 27 32 4.0 0.8 71.0 18.0ab
Alternaria spp. 0.0 12.0 0.0 0.0 12.0 03.0d

Fusarium spp. 0.0 7.0 0.0 3.0 10.0 03.0cd

Rhizopus spp. 18 11 9 14 520 13.0b
Drechslera spp. = 3.0 4.0 11 11 29.0 07.0d
Penicillium spp. 57 61 20 5.0 143 36.0a

Mean % 18 21 11 11 62 15.5
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4.1.4. Incidence of seed borne fungi on groundnut seeds
Results of fungal identification in Table 3 showed groundnut seed

mycoflora. Among all seed borne fungi dtected, average percent
frequency of Aspergillus flavus in groundnut was the highest 70%
followed by Penicillium spp. 38%. Fungal pathogens identified included
Rhizopus, Penicillium and Aspergillus. Frequency of occurrence of seed
borne fungi in groundnut (Table 3) was higher in Elobied 60% followed |
by Gadarif 39% then Wad medani 20% and Niyalla 11%.
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Table. 3 seed borne Fungi and their frequency (%) isolated form
sample of groundnut from deferent location in Sudan

Location/species Niyall Elobie
: ' Gadarif Wad Total Mean %

Aspergillus

18 70 60 25 287 20a
favus
Aspergillus 00 15 35 00 500  13d
Niger
Penicillium 26 35 40 50 157 38cd
Spp. ' |

Rhizopus spp. 0.0 15 20 15  50.0 13b

Mean % 11 60 39 23 133 34
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4.1.5. Incidence of seed borne fungi on sesame seeds
In case of sesame, higher frequency of occurrence of the seed borne

fungi was recorded in Wad madani 24% whereas minimum in Elobied
19%. A total of four species of fungi were detected in samples collected
from the four locations, namely, Aspergillus flavus, Aspergillus Niger,
Penicillium spp. and Rhizopus spp. However, A. flavus in sesame
showed the highest frequency of occurrence 83% in seed samples from
Wad madani followed by Penicillium spp. 82% detected in seed samples
from Niyalla. Moreover, among all fungi detected in seeds from the four
locations, the mean percentage incidence of A. flavus was the higher 47

% followed by Penicillum spp. 30%.
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Table. 4 incidence(%) of seed borne fungi on various seed sample of
sesame collected from four different locations.

Localalies.
Niyalla Elobied Gadarif Wad  Total Mean
Fungi
Aspergillus
17 50 38 83 188.0 47.0
favus
Aspergillus
0.0 15 35 0.0 050.0 13.0
Niger
Penicillium
- 82 9.0 20 10 121.0 30.0
spp. :
Rhizopus spp. 1.0 3.0 4.0 20 0100 03.0
Mean % 25 19 24 24 92.00 23
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4.2. Effect of leaves aqueous plant extracts of Neem and
- damas,fungicides on the fungal growth

4.2.1. Effect of plant extracts on fungal growth invitor after three
days from inoculation

The results (Table, 5) showed that the leaves aqueous extracts of all
plants tested and fungicide had demonstrated an inhibitory effect on the
fungal growth after three days from inoculation. Furthermore, the
percentages fungal growth inhibition was signiﬁcanﬂy high compared to
the control.

Moreover, the 100% concentration of the plant extracts (Neem and
Damas) and 50% and 100% of fungicide Tilt gave significantly higher
inhibition zones percent (85.6%, 70%, 100% and 100%) respectively
compared to the untreated control. Among the plant extracts tested that
of Neem was better than Damas in suppressing the fungus growth whir
inhibit the fungal growth 85%whil Damas 70%. (Table, 5). The results
also showed that the antifungal activity increase with increase in extract

concentration.
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Table. S: Effect of leaves aqueous crude extracts of Neem, Damas
and fungicide Tilt on the linear growth (invitor%) of the fungus
Aspergillus niger after three days from inoculation.

Treatments TInhihition 7ane (94)

R1 R2 R3 Mean
Concs. (%)

44.4(6.7) 66.7(8.2) 50.0(7.1) 53.7(7.3)d

Neem 7?5
sq 066082 77788  60.0(7.8)  681(8.3)c
1on 77-806.8)  889(9.5)  90.0(9.5)  856(9.3)ab

Damas 75 25006.0)  2L4(4.7)  27.1(5.2)  24.5(5.0)
sq 9830.7)  50007.1)  27.3(53)  45.2(6.7)d
on 7308.7)  714(8.5)  63.6(8.0)  70.08.4)bc

T o5 95108  93309.7) 952008  945(9.8)a
sq 100.0(10.0) 100.0(10.0) 100.0(10.0) 100(10.0)a
10n 100.0(10.0) 100.0(10.0) 100.0(10.0) 100(10.0)a

Control 0.000.77  0.00.7)  000.7)  0.00.7)f

cv | 6.99%

SE 0.52

LSD 0.598

Data in  parentheses  transformed  using  square  root

transformationyX + 0.5) before analysis
R =A-B\A %
R =percent reduced of liner growth .

A =liner growth of control.
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B =liner growth of treatment
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4.2.2. Effect of plant extracts after four days from inoculation
In day four after inoculation, all treatments, plant extracts concentrations

as well as that of the fungicide, were invariably continued exhibiting
inhibitory effects against the fungal growth. However, the Neem plant
extracts (100%) and tilt as well gave the highest inhibition zones percent
(88.5, and 100%) respectively. This inhibitory effect from all
concentrations tested was significantly different from control (Table, 6).
Furthermore, the fungicide irrespective of concentration, (25, 50 and
100%) effected significant reduction of fungal growth 93.7%, 100%, and

100% compared to control.

Furthermore, the fungicide at all concentrations tested continued to be
- the most suppressive, followed in descending order by the Neem and

Damas plant extract.
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Table. 6 : Effect of leaves aqueous crude extracts of Neem, Damas
and fungicide on the linear growth (inhibition zone %) of the fungus
Aspergillus niger after four days from inoculation.

Concs. (%) Inhibition zone (%)
R1 R2 R3 Mean

Neem 25 36.8(6.1) 47. 56.5(7.6)  47.0(6.9)d
| 50 73.7(8.6) 76.2(8.8)  87.09.4)  79.0(8.9)b

100 89.5(9.5)  85.7(9.3)  91.3(9.6)  88.5(9.5)a

Damas 25 40.0(6.0)  31.8(5.7)  41.7(6.5)  37.8(6.1)e
50 55.0(74)  54.5(7.4)  50.0(7.1)  53.2(7.3)d

100 60.0(7.8)  59.1(7.7)  52.509.7)  57.2(8.4)c

Tilt 25 955(98) 94798  91.(9.4) 93.7(9. Ta

50  100.0(10.0) 100.0(10.0y 100.0(10.0) 100(10.0)a
N0 10001000 100 0T M 100 OTO M 100N 10 Mia

Control 0.0(0.7).  0.0(0.7) 0.0(0.7) 0.0(0.1f

Ccv - 6.11

SE , : 0.50
1SD 0.R061

Means followed by the same letter are not significant different at (P<
0.05)

% Data in parentheses transformed using square root transformation

(¥X+0.5) before analysis.
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4.2.3. Effect of plant extracts after five days from inoculation
After five days from inoculation (Table, 7) all treatments, plant extracts

concentrations as well as that of the fungicide, were invariably continued
exhibiting inhibitory effects against the fungal growth. However, the
Neem plant extracts (50 and 100%) and Tilt as well at all concentrations
gave the highest inhibition zones percent (78.9%, 88.8%, 90.4% 100%
and 100%) respectively. This inhibitory effect from all concentrations
tested was significantly different from control (Table, 7).

Furthermore, the fungicide irrespective of concentration, (25, 50 and
100%) continued to give consistent reduction effect against fungal
growth throughout the test period. This consistent inhibitory effect
against fungal growth was also exhibited by the Neem extract at 50 and
100% concentrations. However, the inhibitory effect of Damas plant

extract reduced with time of recording of experiment.
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Table. 7: Effect of leaves aqueous extracts of Neem, Damas and
fungicide on the growth of the fungus (Aspergillus niger) after five
days from inoculation '

Treatment Inhibition zone (%)
R1 R B3 Mean
25 36.8(6.1) 47.6(6.9)  56.5(7.6) 46.9(6.8)a
Neem 59 73.7(8.6) 76.2(8.8)  87.0(9.4) 78.9(8.9)b
100 89.5(9.5) 85.7(9.3)  91.3(9.6) 88.8(9.5)a
25 16.7(4.1) 21.94.7)  11.8(3.5) 16.8(4.1)f
Damas 59 26.7(5.2) 31.2(5.6)  23.5(4.5) 27.1(5.1)d
100 33.3(5.8) 40.6(6.4) 55975 43.3(6.6)c
25 91.7(9.6) 90.909.6)  88.5(9.4) 90.4(9.5)ab
Tilt 50 100.0010.0)  100.0(10.0)  100.0(10.0) 100(10.0)a
100 100.0(10.00  100.0(10.0)  100.0(10.0) 100(10.0)a
Control 0.00.7) 0.0(0.7) 0.0(0.7) 0.0(0.70)f
cv 6.56
SE 0.55
LSD 0.79

Means followed by the same letter are not significant different at (P<

© 0.05)

®

*» Data in parentheses transformed using square root transformation

(+X+0.5) before analysis.
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(1) Penicillium sp.

(2)4spergillus Niger
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(3)Aspergillus Niger
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CHAPER FIVE

DISCUSSION
The study was carried out to detect and identify the seed borne fungi

occurred on four food crops seeds collected from different estate of
Sudan and to explore the potential of botanical extracts in suppressing

the radial growth of fungus Aspergillus niger in vitro.

Foods contamination and its associated risks to humans, wild animals
| and livestock have been reported by several authors (Haq Elamin ef al.,

1988 and Yousif, et al., 2010).

In fact, the seed mycoflora of most concern are produced by species
within the genera of Aspergillus, Fusarium, and Penicillium that
frequently occur in major food crops in the field and continue to
contaminate them during storage, including cereals, oil seeds, and

various fruits (4zhar, et al., 2009).

The results of this study revealed that the association of food crops seeds
with seed borne ﬁlﬁgi in different locations of Sudan appears to be a-
prevalent situation. All the seeds samples tested with standard blotter
method as described by the International Seed Testing Association
(ISTA, 1993) were associated with at least three known spoilage species
of fungi (4spergillus, Rhizopus and Penicillium). These results are in
agreement with those of (Syed Danis, ef al., (2013)) who reported the
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presence of Aspergillus, Penecillium, Alternaria, Fusarium, and
Rhizopus, species in seeds of food crops who reported the occurrence of
 Aspergillus, Penicillium and Fusarium spp. were common associates of

seeds crops.

The results showed four most prevailing seed borne fungi recorded
across tested crops seeds, Aspergillus flavus, Aspergillus Niger,
Penicillium  spp. and Rhizopus  spp. with varying level of incidences.
 The common occurrence of seed borne fungi like Aspergillus and
Penicillium had been widely reported by (Bandyopadhyay (1986)The
high load of seed borne fungi in some crop seeds or in some location
compared to others demoﬁstrated by this study could be attributed to
favourable weather conditions for the different fungi in different
environments. The implications of this variation was highlighted in the
report of( Bandyopadhyay (1986) who determined that prevailing
conditions at harvest and storage were responsible for incidence of
spoilage fungi. Moreover, the present result showed that all the samples
tested were associated with Aspergillus which were predominant fungi
of groundnut.( Mathur et al., (1975).also found that Aspergilius were the
predominant storage fungi of groundnut seeds.

The study also investigated the potential of plant extracts against growth
of fungi. Generally, use of synthetic fungicides considerably reduce the

negative impact of fungal diseases incidence in crops but their use is
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costly as well as environmentally undesirable (Patil, ef al, 2001).
Moreover, the use of resistant varieties is faced with breakdown of
resistance due to high pathogenic variability in the pathogen population
(Patil, ef al., 2001).In this context, the searches for an eco-friendly way
of managing seed borne fungi in crop seeds which offers an alternative

to fungicides is highly demanding.

In fact, higher plants are extremely abundant with biologically active
secondary metabolites. Over 80% of all known Alkaloids, Terpenioid,
Phenols and other secondary metabolite were produced by higher plants
(Siddig, 1993). Many plant extracts or products have proven to be as
potent as many conventional synthetic pesticides and are effective at
very low concentrations. On the other hand botanical insecticides
possess great advantages over synthetic pesticides in being more
environmentally friendly and accepted by the majority of the farmers,

governmental organizations and decision makers (Patil, ef al., 2001).

In this study, the data revealed that the Neem and Damas leaves aqueous
extracts consistently exhibited an inhibitory effect on fungal growth with
significantly higher inhibition zones percent. Similar studies which
explored the effect of extracts of many higher plants have been reported
to exhibit antibacterial, antifungal and insecticidal properties under
laboratory trials (Satish ez. al., 1999; Okigbo and Ogbonnaya, 2006;

Neem tree (4zadirachta indica) as well is one of the most known plants
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for its multiuse in controlling insect pests and diseases. In this study the
results revealed that the Neem leaves aqueous extracts gave the highest
fungal growth suppression with significantly high inhibition zones
percent compared to control. In field of plant protection Neem used to
control: Grey leaf spots, powdery mildew and viruses. Similar results
were obtained by Hanaa ef al, (2011) who found that treatment of
tomato plants with Neem aqueous extracts reduced the percentage of
Fusarium wilt disease incidence to the level of 25.5% and 27.8% after

6 weeks of infection respectively.

The results on effect of the Tilt on the fungus showed that the fungicide
at all concentrations expressed consistently suppressive ability on the
growth of the test fungus with significantly high inhibition zones percent
compared to control throughout the experiment period. This finding is in
- line With the observations reported by( Abdelgader (2005). on efficacy
of Tilt against Fusarium oxysporum where he found that tilt induced
100% inhibition against Fusarium oxysporum when applied at 100ppm
after 7days of exposure. Similar finding were also revealed with
(Mohammed (2002) who found that tilt when applied at 10ppm against

Drechslera hawaiiensis induced 100% inhibition after 4 days.

The current study also demonstrated that the Neem leaves extract
exhibited more inhibitory effect than that of the Damas. This could be

attributed to the high concentration of the bioactive inhibiting compound
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in the Damas plant leaves than in the Neem. Moreover, the data on
concentrations from each plant leaves aqueous extract exhibited

different inhibitory abilities on fungal growth.

The 100 % leaves aqueous extract concentration from the two plants was
the most suppressive followed in a descended order by 50% and 25%.
Likewise the test organism responded differently to the different
concentrations of extracts. This variability in response which expressed
by test organism to different Damas and Neem exiracts was also
reported by (Aiyelaagbe (2001). In his investigation; he explained that
the majority of the studies involving plant extracts demonstrated their
inhibitory effects on infectious or harmful microorganisms at variable

degree.

Aspergillus sp. is an important mycotoxin producer and produces four
major metabolites of Aflatoxins B1, B2, Gl and G2 which are
heptacarcinogenic (Abdelgader (2005). There is, therefore, need for
reducing the mold growth and mycotoxin production in sorghum, pearl
millet, groundnut and sesame seeds by improving the storage condition.
" The presence of so many pathogenic fungi at high level in stable food
crop seeds from various geographical area indicates a clear need for field
surveys for these and other pathogens. There also a real need to increase
public awareness on aspects related to seed health and to develop

suitable management practices for improving the quality of seeds.
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CONCLUSION
e One of the important aspects of food crop seeds besides high

quality and purity is the absence of seed-borne fungi. In this study
seven fungal genera were encountered in high percent frequencies
of seed-borne fungi incidence percentage in 16 samples of
sorghum, pearl millet and groundnut and sesame collected from

four locations, each in one state of Sudan.

o Aspergillus, Penicillium, Fusarium, Rhizopus, Alternaria, and
Drechslera spp. were the main fungi occurring frequently in
sorghum, pearl millet and groundnut and sesame seeds. Of the
fungi isolated, the four most prevailing seed borne fungi recorded
across crops seeds were the non— pathogenic ones; Aspergillus
flavus, Aspergillus Niger, Penicillium spp. and Rhizopus  spp.

with varying level of incidences.

o Aspergillus spp. were the predominant seed borne fungi of all crop
seed samples tested in all locations and notably the highest

groundnut seeds

o The leaves aqueous extracts of all plants tested exhibited an
inhibitory effect on fungal growth. Thus the two components plus
fungicide (tilt) could be applied as part of an integrated approach
to control seed borne fungi.
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o The Neem plant leaves aqueous extract exhibited more inhibitory

effect than that of the Damas.
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RECOMMENDATIONS
Based on the foregoing result the following studies were recommended:-

e Further seed health analysis needs to be done for sorghum, pearl
millet, groundnut and sesame crops across Sudan so that seed
borne fungi mapping is done and updated regularly for research to

target potentially important ones.

e Also more investigation needs to be done to determine consistency
of the seed borne fungi isolated across locations to determine

percentage incidences and severity under favourable conditions.

e Testing seed health of major crops should be introduced in the

national seed quality system.

e To further investigate the antimicrobial properties of higher plants
but in a group of medicinal plants against targets organism to

determine their potentials as botanical pesticides.
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APPENDICES

APPENDIX (1) Culthcer media PDA
Potato Dextrose Ager PDA
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APPENDIX (4) Effect of leaves aqueous extracts of Neem

Control 25% 50% 100%

APPENDIX (5) Effect of leaves aqueous extracts of Damas

Control 25% 50% 100%
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APPENDIX (6) Effect of Tilt fungicides

Control 25% 50% 100
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