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ABSTRACT

The experiment was conducted under laboratory ¢tongdi of plant
protection Department, College of Agricultural Sasj Sudan University of
Science and Technology (SUST), During March andilAp915. The
objective of this research is to detect, identidgd borne fungi associated
with seeds of groundnutAfachis haypogaea L.), and test the effect of
ethanol extracts of (Ginger rhizom&shgiber officinale Roscoe) and Neem
(leavesAzadirachta indica A.Juss) against fungiAspergillus flavus strain.
Seeds samples of groundnut was collected from fegions in Sudan
(Algeneina, Nyla, New hafa and Alrahad-alfao), ts@mples from each
region of seasons (2013-2014 and 2014-2015), thdystovered Seed
health Testing process, detection and identificatid Seed borne fungi
before-after cultured seeds of groundnut on PDA ismaad Filter papers
methods. Five types of fungus were detected, iflestttd and isolated,
these fungus ar&spergillus flavus, Aspergillus niger, Penicillium digitatum,
Alternaria alternata and Rhizopus. The result showed that the degree of
inhibition of fungi increase with the increasing athanol extract
concentration which added with concentration€4250% and 100%) to
A. flavus strain, moreover the ethanol extracts of Ginged &eem at
concentration of 100% gave the highest redactiah@igrowth orA. flavus
in the last day from incubation, the inhibition gt was (89% and 86.4%),
respectively.

Ethanol extracts contain antifungal compounds tWwhtould be used as
alternatives for the fungicides for assurance tifetg of human and plant
from risk of fungicides.
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CHAPTER ONE

INTRODUCTION
Groundnut Arachis haypogaea L.) plant belongs to the family Fabaceae
(Gregory, 1973). It is the 3 most important food crop and™4most
important oil seed crop of the world. This cropkisown throughout the
world by different names, Peanut, Earthnut, Monkay-and Goobers. It is
grown in nearly 100 Countries. The origin of thewrdnut South American,
(Hommons, 1994nd weiss, 2000).
The main producing Countries are China, India, NageUSA, Indonesia
and Sudan (Mondakt al., 2006). In addition it is widely grown in many
Countries such as Myanmar, Vietham, Senegal, thredoeatic Republic of
Congo, Chad, Burkina Faso, Zimbabwe, Mali, MozambjgUganda, and
Tanzania (Shiferavet al., 2004). China and India together are the world's
leading groundnut producers accounting for nea@%6f the production
and 52% of the crop area. Especially in the devetppountries, groundnut
has to play an important role both as oil and fawdp. Most of the
groundnuts are used for extraction of oil for domeesonsumption and
export. For example, Sudan accounted for 17% ofwbdd groundnut
export trade (Abulu, 1978).
Groundnut is growing primary as an oilseed crop$aonst of the produces
Is used for oil production (Singh, 1982). It is samed directly in processed
food and snacks as valuable source of protein,ggn@ninerals, oil, meal
and confectionery products (Abu Asshial., 2008). Groundnut is growing
for food that including peanut butter, roasted he shell, candy, and as
shelled whole seed that are salted, or dry-rogsséelb and Wynne, 1992).

The seed cake and hay are valuable source aniewl $hells maybe used



as a source of heat and raw source of many pradects) activated carbon,
organic chemicals and combustible gases.

In the Sudan groundnut is produced under two enmmental conditions
irrigated and rain fed conditions. Irrigated arem$ude Gazira, Rahad, New
Halfa, Suki, Blue and White Nile schemes. Rain-édas include South,
West, North and East Darfur, South and North Kaadofrrigation peanut is
producing on heavy black cracking of central Sudahere only late
maturing (Virginia) types are grown (Khidir, 199idalsmail, 2000).
Groundnut production in Africa has suffered fronrctuation and downward
trend low yield in the Eastern Africa, that haveebeattributed to the
variable rains with recurrent drought, lack of highlding cultivars, insect
pests and diseases, as well as low input used aaongnut cultivation
(Mahmoud, 1995). Groundnuts that are used as raterials for peanut
butter processing are liable to colonization byglainmolds during harvest-
handling, storage and transportation, exposing th@emthe risk of
contamination with aflatoxin (Polixeni and Panagiota, 2008; Mutegi, 2012).
The main aflatoxin producing fungi in groundnut®e &spergillus flavus,
(CAST, 1998), which mostly infect groundnuts as a complex. (Varga, 2012;
Mutegi, 2012) reported. flavus L-strain,A. flavus S-strain, and\. niger as
the major fungal pathogens infecting groundnuts gralindnut products
from Busia and Homa Bay districts in Western Kenspergillus flavus
and aflatoxin have been reported in groundnuts uda8 (Omeret al.;
2001) and Egypt (Abdelhamid, 1990Aspergillus flavus is the main
producer of aflatoxin, only grows in groundnut wh&e moisture content
exceeds 9% and has optimum growth conditions ofdet 25 and 3C
(Ribeiro, et al.; 2006). The warm and humid environmental condgion

Africa are ideal for growth of. flavus making aflatoxin contamination of

2



food, including groundnuts, a widespread problemoss the continent
(Bankole, 2006; Wagacha and Muthomi, 2008). Acute exposure of msma
to aflatoxins leads to outbreak of a disease cammdknown as aflatoxicosis
contributing significantly to the disease burderAinica, chronic effects of
aflatoxins result from continuous exposure to re&y low levels of toxins
over a prolonged period (Mehan, 1991).

Some of the common effects of chronic aflatoxicastdude impaired food
conversion, slower rates of growth, and a decreasésorption of various
micronutrients (Jolly, 2007). Aflatoxin contamimati of groundnuts
therefore poses a risk to human health and has ideatified as a major
constraint to trade in Africa (Mutegi, 2009). Petabutter is one of the main
products of groundnut processing (Campos-Mondrag009).

If raw groundnuts are contaminated with aflatoxithgre is a high risk of
exposure to the consumer through consumption afiygdautter processed
from such groundnuts practices such as poor st@addandling within the
peanut butter cottage industry could contribute ftwther aflatoxin
contamination of peanut butter. High aflatoxin levap to 22 mg/kg in
groundnut products such as roasted nuts and pdarttér have been
reported in Nairobi (Mutegi, 2010).

The significant economic and health hazards cabgddngi and mycotoxin
especially in developing countries that have paardfstorages is of great
concern so to ensure a healthy food supply therahmipimizing
consequences to food security, international trad@ animal and human
health, there is a need to monitor fungal and nopdnt contamination
periodically so as to meet international and natianycotoxin regulatory
standards (128 Afr. J. Food Sci.).



This study therefore conducted to determine thetustaof fungi

contamination in groundnuts on four regions. Stathdaboratory methods

used for the detection of the furgpergillus flavus from Seed of groundnut

samples.

In this regard, the objectives of this study are to

» Validate and determine the contamination of grownidoy the fungi
associated with seeds of groundnut.

» Detection, identification and isolation the furgpergillus flavus from
groundnut Seed samples.

* Inhibit the Aspergillus flavus growth by using ethanol extracts of
botanical, (Ginger rhizomes and Neem leaves), aulthe fungicide

Topas Ec.100 as a standard to conspergillus flavus.



CHAPTER TWO

LITERATURE REVIEW
2.1 The Groundnut
Groundnut or peanuf¢achis hypogea Linn), is a plant which belongs to the
family of Fabaceae (Eke-Ejiofog al.; 2012). Botanically, groundnut is a
legume although it is widely identified as a nudamas similar nutrient
profile with tree nuts (Ros, 2010). This annuahpli generally distributed
in the tropical, sub-tropical and warm temperateaarand represents the
second most important legume in the world basetbtal production after
soybean (Pattee and Young, 1982; Redden, et al.; 2005).
Groundnut Arachis hypogea Linn), consumed directly in processed food
and snacks constitute valuable source of protemergy and minerals,
utilization of oil, meal and confectionery groundsmuis increasing
concurrently with a gradual shift away from oil ameéal into confectionery
products and snacks. Groundnut is primarily useaifeextraction in Sudan.
It is also consumed directly because of its highdfealue. The total area
under groundnut production is approximately ondiomlhectares with an
average yield of 855 kg ha-1 and total productib826,000t. High yielding
Virginia types with different seed size categohese been released for the
irrigated sector (El Ahmagdi993; Abu Assaret al.; 2000).



2.1.1 Scientific classfication

Kingdom : Plantae
Subkindom : Viridiplantae
Infrakindom Streptophyta
Superdivision : Embryophyta
Division : Tracheophyta
Subdivision Spermatophytina
Dlass : Magnoliopsida
Superorder X Rosanae

Order ; Fabales

Family : Fabaceae

Genus . Arachis

Species ; Arachis hypogaea L.

(www.itis.gov/servlet/singleRpt.)

2.1.2 Importance

Peanuts are among the most common nuts includedmmy diets worldwide
and play an important role in the diets of sevekfiican populations,

especially children, because of their high contdnrotein (approximately
25%), fat and carbohydrate. (Kamika and Takoy, 2011

The average world production of groundnut pods artextito about 35.88
million tons/year from 24.4 million hectare and tiogal production in sub-
Saharan Africa was 8.2 million tons/year from 9.#Hiom hectare (USDA,

2012). The main producing Countries are China, andNigeria, United

States, Indonesia and Sudan. Peanut constitutegoa amnual oilseed crop
and a good source of protein containing high lysioaetent, which makes it
a good complement for cereal (Okaka, 2005). Theiprate biochemical

composition of mature groundnut Seeds /100gm edibl¢ion, moisture
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(6.59), protein (25.8 g), lipids (49.2 g), carbolgte(16.19), dietary fibre
(8.5 g), calcium (92 mg), magnesium(168 mg), phosph (376 mg) and
iron (4.6 mg) (USDA, 2010). However, peanut cordagome antinutritional
factors as physic acid, condensed tannins, trygasthamylase inhibitor, that
may limit its usage and nutritional value (Njintaegal.; 2001).

2.2 The diseases

Peanut Arachis hypogaea L.) is one of most important and widespread oil
crops. One of the major problems in peanut prodactivorldwide is
aflatoxin contamination, which is of great conceripeanut as this toxin can
cause teratogenic and carcinogenic effects in dranmihuman. Infection of
peanut byA. flavus occurs not only in post-harvest but also in prest
conditions. Several biotic (soil-born and inse@sy abiotic (drought and
high temperature) factors are known to affect @eddst aflatoxin
contamination, while the late season drought (20dd¢s before harvest)
which predispose peanut to aflatoxin contaminaisomore important in the
semi-arid tropics. Irrigation in late season caduce peanut pre-harvest
aflatoxin contamination, but this cultural practssems to be impractical in
some areas, especially in semi-arid and arid a(éésng, 2010).

Moreover, groundnuts are liable to fungal contatmomaduring handling,
storage and transportation, exposing them to sieai contamination with
aflatoxin (Polixeni and Panagiota, 2008; Mutegi, 2012). Indeed, groundnuts
can be contaminated with aflatoxin during pre-hatvend post-harvest
processing and the risk of contamination increatmsy the marketing chain
due topoor handling practices (Kladpan, 2004; Kaaya, 2006). The main
aflatoxin producing fungi in groundnuts afspergillus flavus, Aspergillus
parasiticus and Aspergillus nomius, which mostly infect groundnuts as a

complex (Varga, 2012).



A. flavus grows in groundnuts when the moisture content ede®% and
has optimum growth conditions of between 25 anc&i:,fm”nd water activity
of 0.99% with a minimum of 0.83%, while productioh aflatoxin occurs
optimally at 25 and water activity of 0.99%. (Ribeir@t al.; 2006).
According to (IARC, 2002), aflatoxin produced Bgpergillus spp., has
iImmune suppressive effects and epidemiological istudhave shown a
positive correlation between aflatoxin intake am@ tncidence of liver
cancer. Peanuts and its derivatives are oftenifttabgs street food which
satisfies essential need of the urban populatiorbéing affordable and
available (Donkor,et al.; 2009). Peanut seeds are eaten raw, boiled or
roasted, made into butter or paste and are usedhifokening soups
(Campos-Mondragoret al.; 2009).

Peanut butter is made by grinding dry roasted gitouts into a paste
(Mutegqi, et al.; 2009). Peanuts are also used as major ingredierttse
formulation of weaning food with other cereals sashsorghum, corn, and
millets because of their high protein and omegatty facid content@ro, et
al.; 1995).All the fungal densities are based on the wet nehdgmal soil
preparation used for inoculating seeds.

2.2.1 Seedsborn fungi

Seeds play a vital role in the production of heatttops. Healthy seed is the
foundation of healthy plant; a necessary conditarngood yields (Diazet
al.; 1998). Seed is the most important input for cropdpction. Pathogen
free healthy Seed is urgently needed for desiradtgopulations and good
harvest. Many plant pathogens are seed-borne, wddanhcause enormous
crop losses; reduction in plant growth and produtgtiof crops (Kubiak and
Korbas, 299; Dawson and Bateman, 2001; Islam, 2009).



Fungi, or moulds in this context to differentiateetn from single celled

yeasts, are destructive agents causing lossesrictifigral commodities in

many zones of the world, ranking alongside insaot$ weeds for crop loss

or yield reduction. They can occur on growing iekdi crops as well as

harvested commodities, leading to damage rangiam francidity, odor,

flavor changes, loss of nutrients, and germ laystrdction. This can result

in a reduction in the quality of grains, as wellgagss spoilage and possible

mycotoxin production (Oerke and Dehne, 2004).

2.2.1.1 Aspergillus spp.
The role ofAspergillus spp. in food spoilage is well-established (KRN Reddy,
al.; 2010). ManyAspergilli are xerophilic and present particular problemsndur
commodity harvest, and during subsequent dryingsamichge. About 30 species
of Aspergillus or their teleomorphs are associated with food lagei these
include: Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius,
Aspergillus ochraceus, Aspergillus candidus, Aspergillus restrictus, Aspergillus
penicillioides, Aspergillus niger, Aspergillus carbonarius, Aspergillus fumigatus,
Aspergillus clavatus, Aspergillus carbonarius, and Aspergillus versicolor. (Haq
Elamin, 1988). However(Haq Elamin NH, 1988; Yousifet al,; 2010; and
Olusegungt al,; 2013). Reported thaspergillus species tend to be associated
more with tropical and warm temperate crops, faareple oilseeds and nuts,
since they prefer to grow at relatively high tengteres. They concluded that,
Aspergillus flavus, Aspergillus parasiticus and Aflatoxins typically affect
oilseeds, including groundnuts, soya, tree nutszenand various oilseed-based
animal feed stocks - cotton seed cake, copra,®uafl but can also affect rice,
wheat, sorghum, figs, coffee and sweet potatoeexXample. Aflatoxins are also

noted in milk, via contaminated animal feed.



2.2.1.2 Penicillium spp.

Penicillium as well is a large genus containing 150 recogniesties, of
which 50 or more occur commonly. Many species afi¢iium are isolated
from foods causing spoilage; in addition, some npagduce bioactive
compounds. Some of the most important toxigeniacisgein foods are
Penicillium expansum, Penicillium citrinum, Penicillium crustosum and
Penicillium verrucosum. A much larger number dPenicillium species are
mainly associated with food spoilage.

Those includePenicillium aurantiogriseum, Penicillium chrysogenum,
Penicillium digitatum, Penicillium griseofulvum, Penicillium italicum,
Penicillium oxalicum and Penicillium viridicatum; some of these produce
mycotoxins. HoweverPenicillium species are associated more with cool
temperate and temperate crops, mainly cerealse simast species do not
grow very well above 25-30°c (Pitt J.I., 2006). @usly, Fusarium species
causes a huge range of diseases on an extraordarayg of host plants. As
mentioned earlier the fungus can be soil borndoane or carried in plant
residue and can be recovered from any part of thet from the deepest
root to the highest flower (Booth 1971; Summeral, et al,; 2003).

2.2.1.3 Alternaria spp.

Alternaria species are plant pathogens that can produce toxins ih pod-
and post-harvest commodities. They are charactebgevery large brown
conidia with a characteristic "beak" at the tip.eTiost common species is
Alternaria alternata; others includeAlternaria tenuissima, Alternaria
infectoria, Alternaria citri, Alternaria brassicicola and Alternaria brassicae.
The specie#ternaria alternata andAlternaria tenuissima are pathogenic to
a wide range of crops; the other species have nmmited host ranges
(Agrius 2005).
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2.2.1.4 Rhizopus spp.

These species typically affect fruits and vegesdace they can only grow
at relatively high water activities (Agrius 2005).

2.2.1.5 Aspergillus niger

Aspergillus niger belonges to sectiolsperogillus flavi. These species
typically affect grain in moisture condition&spergillus niger is prevalent in
warm and dry climatic zones and its incidence ranfyjem 2% to 14%
(Pande and Narayana Rao 2000). The pathogen atjamisdnut plants at
all the growth stages and causes pre-emergenaegratt seeds, soft rot in
emerging seedlings, and crown rot in mature plants.

2.3 Control management

2.3.1 Seed health testing

Seed health testing for the presence of seed lpath®gens is an important
step in the management of crop diseases. Thimsibecause, seed-borne
diseases have been found to affect the qualitycpuraohtity of food crops.
Accordingly, the importance of seed health testicpnot be under
estimated. The pathogens can present externaliytemnally or associated
with the seed as contaminant.

A number of laboratory seed health testing methimdsdetecting fungi
sampling were in use. This include, examinationlyf seeds, washing test,
blotter method and its modification, agar platehodt embryo and seedling
symptom test). However, Blotter test is the simipéesd most widely used
method especially in developing countries (Mathuot Kongsdal, 2003). In
respect of the blotter test, seeds are typicallyasa sterilized with dilute
hypochlorite solution and planted in 6x9 inchedtels. These are incubated

and observed for 7-10 days. Fungal growth is resmbahd confirmed with

11



microscopic examination (wwworldseed.org). It is possible that two
methods may be required to detect a pathogen.

2.3.2 Practices and biological control

Fungal pathogens associated with food grains afermaoblem of many
economically important food crops. Some are sorhkbopathogen, which
can live in the soil for long periods of time, smational cropping is not a
useful control method. It can also spread througfected dead plant
material, so cleaning up at the end of the seasonportant (Jones, 1982).
The potential for using microorganisms to detoxifiycotoxins has been
reported by (Murphyet al.; 2006) to be promising. One of the management
strategies that had been developed is biologigatcbusing the competitive
exclusion mechanism, which has been successfullyleimented in the
USA; biological control has been used to reducatafin contamination in
various crops such as cotton, maize and groundhlm International
Institute for Agricultural research (IITA) has peered this technique in
Nigeria, by the development of its product callkfilasafe. Aflasafe has
proven successful and is being tried on a numberays. (Bandyopadhyay
and Cardwell, 2003).

2.3.3 Fungicides and extracts

One of the control methods is to improve soil ctinds because soil borne
pathogens spreads faster through soils that hagle mmoisture and bad
drainage. Other control methods include removirfgated plant tissue to
prevent over win (Smithet al.; 1988). Control of the disease using soil and
botanical extracts.

(Thomas, 1998), reported that it is difficult tondi a biological control
method because research in a green house can lierend effects than

testing in the field. However, the best control Ineet found for soil borne

12



fungi is planting resistant varieties, although albthave been bred for every
forma specialist.

Group of studies were carried out to investigae d@htifungal activity of
plant extract. In fact the antifungal activities dme plants extracts in
controlling different pathogens have been repobgdeveral workers who
pointed out that the active compounds presentantp were influenced by
many factors which include the age of plant, exingcsolvent, method of
extraction and time of harvesting plant materi@lgwarri arl Nayak, 1991;
Amadioha, 2000).

(Babu Josephet al.; 2008) reported that Antifungal activity of theviiro
efficacy of different plant extrac&zadirachta indica, were found to control
wilt pathogens. Systemic fungicides to eradicageghthogen from the soil,
flood, fallowing, and using clean seeds each yeavary common methods
(Booth, 1971).

However, alternative methods of controlling theedise have been studied
with emphasis on novel compounds derived from pladurces
(Alabouvette, 1999). Plant extracts and plant dssewils have been
reported to be effective antimicrobials againstdf@md grain storage fungi,
foliar pathogens and soil borne pathogens (BowedsLacke, 2000). Many
plants and their products have been reported tcesss pest control
properties. These are good alternatives to cherpiesticides, as they are
readily biodegradable in nature (Singhal.; 2010).

2.4Asperogillus flavus

A. flavus fungi belong tcA. flvus, sectionflavi, commonly invade oil seeds
and grain, such as peanut and in which they prodbeecarcinogenic
aflatoxin (payne, 1998). Aflatoxins show considdéeakoxicity in some

animal and humans (Hussain and Barasel, 2001). gmdemiologically
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studies of human populations that prolonged ingasdf aflatoxin result in
an increase in heptacellular carcinoma when intexgcwith repetitive
viruses (Turneret al.; 2002).A. flavus unlike most fungi is favored by hot
dry conditions. The optimum temperature for groizst?tjc (98.6F), but the
fungus readily grows between the temperatures e4223 (77-108F), and
will grow at temperatures from 12—?@(54—118F). Such a high temperature
optimum contributes to its pathogenicity on humaiBayne, 1998,
Scheidegger, and Richard, and Payne, 2003).

2.4.1 Ecology and distribution

Like otherAspergillus species, A. flavus has a worldwide distribution. This
probably results from the production of numeroub@ne conidia, which
easily disperse by air movements and possibly ®eats. Atmosphere
composition has a great impact on mould growthhwamidity being the
most important variable (Gibsost al.; 1994).A. flavus grows better with
water activity between 0.86 and 0.96 (Vujanoetal.; 2001). The optimum

temperature foA. flavus to grow is 3%0, but fungal growth can be observed

at temperatures ranging from12 to@8Such a high optimum temperature
contributes to its pathogenicity in humans.

2.4.2 Soil and air

A. flavus appears to spend most of its life growing as agapite in the
soil, where it plays an important role as nutriesgycler, supported by plant
and animal debris (Scheidegger and Payne, 2008)abitity ofA. flavus to
survive in harsh conditions allows it to easily -compete other organisms
for substrates in the soil or in the plant (Bhataragt al.; 2000).A. flavus

has been particularly prevalent in the air of sdropical countries (Gupta,
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et al.; 1993; Adhikari, et al.; 2004). Climatic conditions markedly influence
the prevalence AA. flavus in outdoor air (Calvo, 1980).

2.4.3 Genome

The sequencing &. flavusis in progress, and will provide a rich source the
primary assembly indicates that theflavus genome is 36.3 Mb in size and
consists of eight chromosomes and 13 071 predgtees. The mean gene
length is 1384 bp (Ywet al.; 2005).

2.4.4 Taxonomy and classificatio

2.4.4.1 Scientific classification

Kingdom : Fungi

Division Ascomycota
Class ; Eurotiomycete
Order ; Eurotiales
Family : Trichocoaceae
Genus : Aspergillus
Species Aspergillus flavus

Agrios, (2005)

2.4.4.2 Classification

Classically, the systematic &spergillus and its associated teleomorphs
have been based primarily on differences in momujiohl and cultural
characteristics (Raper and Fennel, 1965; Samson, 2000). Moreover, the
taxonomy of theA. flavus complex group is further complicated by the
existence of morphological divergence amongst isslaf the same species
(Klich and Pitt, 1988).

2.4.5 ldentification

Accurate species identification withifs. flavus complex remains difficult

due to overlapping morphological and biochemicahrabteristics. In
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general A. flavus is known as a velvety, yellow to green or brownuido
with a goldish to red brown reverse. The conidiapkoare variable in
length, rough, pitted and spiny. They may be eitih@seriate or biseriate.
They cover the entire vesicle, and phialides paut in all directions.
Conidia are globose to subglobose, conspicuoustinatate, varying from
3.5 to 4.5 mm in diameter. Based on the charatt=i®f the sclerotia
producedA. flavus isolates can be divided into two phenotypic tygdse S
strain produces numerous small sclerotia (averagaeater 400 mm). The L
strain produces fewer, larger sclerotia (Cotty, 998

2.4.6 Molecular typing

Phenotypic methods to discriminate flavus showed only a moderate
discriminatory power for distinguishing isolatesa(R, 2001). Genotypic
methods that have been used for typiadjavus isolates (Moody and Tyler,
1990; James, 2000; Rath, 2001; Heinemann, et al.; 2004). And microsatellite
polymorphism analysis (Guarro, 2005). Restrictiad@nuclease analysis of
total cellular DNA has not proven.

2.4.7 Contamination levels

Aflatoxin is the name for a group of toxins knows &1, B2, G1, G2, M1
and M2 (carcinogenic compounds) that are producathlynby two fungi
called A. flavus andA. parasiticus). These toxins occur naturally and have
been found in a wide range of commodities (inclgdpeanuts) used for
animal and human consumption. Depending on thefelde toxins can
severely affect the liver and induce a human cagen, i.e., causes cancer.
In many developing countries, aflatoxin is a majmalth risk to both
humans and animals due to the high levels of the@aoainated products
consumed (Wright, 2002).
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The causative agents grow on food and feed graimossture level of 15%
or greater in the presence of warm temperaturé)e—(zfc). The toxin can
be found in a variety of grains but most often asam peanut and corn.
Contamination can occur while the grain is standmghe field, and soon
after harvesting and during storage before or #fieigrain is processed into
food or feed (Allen, 2003). Considered as the mimgtortant mycotoxins
aflatoxin is a natural potent carcinogen known ffec both humans and
animals. Mycotoxins, secondary metabolites produmetlingi, are toxic to
both animals and humans and their occurrence irothe chain may have
public health effects (Wu, 2011). The InternatioAgkency for Research on
Cancer ( IARC, 1993), has reported that Aflatoxespecially aflatoxin B1
(AFB1), are the most potent natural carcinogenizsgances and are being
linked to severe illnesses and also increase thle of liver cancer in
humans. Several food crops such as pedAtdchis hypogaea L.), are
susceptible to contamination by aflatoxigenic fur(@ispergillus spp.)
(Kamika and Takoy, 2011).

Aflatoxins are more prevalent in tropical and stdpical areas where
environmental conditions such as high temperatumee frumidity prevail,
which favors the growth of fungi and productionn@fcotoxins on the crops
(Klich, 2007). There was variation in aflatoxin &% among groundnut and
peanut butter. The wide variation in aflatoxin @mnination in peanut butter
could be attributed to contamination during procepssin the cottage
industry and using groundnuts that were alreadecteld by aflatoxin-
producing fungi. For instance, the processor whessnut butter recorded
the highest aflatoxin contamination did not griméisted nuts immediately
after roasting but stored them to grind later basedcustomer purchase
orders. It was also observed that the processombadleaned the grinder
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after the previous peanut butter production. Thaciice could predispose
the peanut butter to increased aflatoxin levels,tlo® other hand, the
processor from whose peanut butter Aflatoxins weredetected observed
hygiene in processing and was also a trained feodnblogist. Defective
nuts are more likely to be infected with aflatoxpneducing fungi than
sound nuts. (Omer, 2001). Reported that aflatoXircBuses liver cancer in
Sudan. High aflatoxin content (25-600 ppb) was rigabin groundnut in
Sudan. The occurrence of liver cancer in Sudandcdnd substantially
reduced by lessening contamination of food withtaftins to internationally
accepted levels. (Younis and Malik 2003). Studi#tdt@xin contamination
in Sudanese groundnut and groundnut products amdifthat percentage of
aflatoxin contamination was 2%, 64%, 14% and 11%kiernels, butter,
cake and roasted groundnuts, respectively. Thefyromd that aflatoxin B1
was predominant in all samples followed by G1, &2 G2.

The economic impact of aflatoxins was derived diyeftom crop, livestock
losses, and indirectly, from the cost of regulatprggrams designed to
reduce risks to animal and human health. The Food Agriculture
Organization (FAO) estimates that 25 % of the werlfbod crops are
affected by mycotoxins, of which the most notorioase aflatoxins.
Aflatoxins losses to livestock and poultry prodscerom aflatoxin-
contaminated feeds include death and the moreesalffiects of immune
system suppression, reduced growth rates, andslas$eed efficiency.
Other adverse economic effects of aflatoxins inellmiver yield for food
and fiber crops (Anon, 1989). Aflatoxin contaminatiof groundnut is a
major problem in most of the groundnut producti@gions across the
world. It is mostly influenced by the occurrencedobught during the late

seed filling duration. It is caused by the growthtttee mouldsAspergillus
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flavus and toxicity of groundnut from aflatoxin endangéne health of
humans and animals and lowers market value, (Abd2005). Hence, it is a
problem to groundnut producers as well as consuniére moulds are
common saprophytic fungi found in soils throughth# major groundnut
producing areas of the world (Griffin and Garren74p reviewed the
influence of changing environmental conditions dwe tactivity of the
moulds on groundnuts; Aflatoxin is more seriousimyrand following
alternating dry and wet periods. (Pettit and, 197871) observed that
peanuts grown under dry land conditions and subgetd drought stress
accumulated much more aflatoxin before digging thaanuts grown under
irrigation. (Wilson and Stansell, 1983) reportedttivater stress during the
last 40-75 days of the crop contributed to hightatexin 21 levels in
mature kernels.

In a field study inA. niger, (Craufurd, 2006) confirmed that infection and
aflatoxin concentration in peanut can be relatedh® occurrence of soil
moisture stress during pod filling when soil tengtares are near optimal
for A. flavus, (Cole, 1985; Dorner, et al.; 1989) have shown that preharvest
contamination of aflatoxin requires drought perd@0-50 days and a mean
soil temperature of 29 - 31°C in the podding zdneSudan, the irrigated
region (Central Sudan) used to be free from aflawxvhile the rainfed
region (Western Sudan) showed high levels of aflatoontamination, (Hag
Elamin, 1988). In the same study, temperature af 80 and relative
humidity of 86% were identified as optimum conditso for aflatoxin
production. (Rachaputét al.; 2002) observed aflatoxin contamination to be
widespread in the Queensland region of Australiaindquthe 1997-98

seasons with severe and prolonged end of seasagldrand associated
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elevated soil temperature and lower aflatoxin dagking 1999-2000 seasons
with well-distributed rainfall and lower soil tenmagures.

2.4.8 Control methods

Although drought stress is known to predispose pedo aflatoxin
contamination limited researches were reportedhenmechanism of late
season drought stress aggravating Ahdlavus infection. (Dorneret al.;
1989). Observed that drought stress could decrbaseapacity of peanut
seeds to produce phytoalexins, and thus resultechigher aflatoxin
contamination. The active water of seeds is thetnmogortant factor
controlling the capacity of seeds to produce phgtaas. Application of
fungicides at the beginning of windrow or storaggi@pds may reduce this
problem (JACKSON, 1965). The chemical treatmentieiicy depends on
the ability of the sprayed substances to crosshied barrier.

2.5Theextract of botanicals

Antioxidants are recognized for their potential pnromoting health and
lowering the risk for cancer, hypertension and hdmease (Wolfe and Liu,
2003; Valko, et al.; 2007). The uses of natural antioxidants from plant
extracts have experience growing interest due tmesdwuman health
professionals and consumer’'s concern about thetysadé synthetic
antioxidants in foods (Sun and Ho, 2005; Suhaj, 2006).

2.5.1 Tree of Neem

Neem is versatile tree, it is considered to beafrtbe most promising trees
of the 21 century. research in Sudan started ir6€heoncentrating on it is
use as pesticide. Currently three is extensivearekereported and projects
published by the National Centre for Research (&hain, Sudan) NCR and

many other universities (El-abjar, 1992).
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2.1.2 Scientific classification

Kingdom . Plantae

Division :  Magnoliophyta
Order . Rutales
Suborder . Rutinease
Family . Meliaceae
Genus : Azadirachta
Species . Azadirachta indica

Binominal name : Azadirachtaindica A.Juss
https://en.m.wikipedia.org/wiki/Neem
2.5.1.2 Uses of the Neem

Neem as biohebicides or control to plant diseasdd\&em is deemed very

effective in the treatment of scabies although gmigliminary scientific
proof exists which still has to be corroborated encecommended for those
who are sensitive to Permethrin. A known insecé&cighich might be
irritants and also the scabies mite has yet tonea@sistant to Neem, so in
persistent cases Neem has been shown to be vegtied, there is also
anecdotal evidence of its effectiveness. In tregitifestations of head lice in
humans, it is also very good for treating wormsaksthe branches and
leaves in lukewarm water and drink it). In the tt@tal medicine Neem
trees originated on the Indian subcontinent.

The Neem twig is nature’s tooth brush to over 50lian people daily in
India alone. Herbal medicine is the oldest formharapy practiced to be
mankind and much of the oldest medicinal use afifslaeems to have been
based on highly developed ‘dowsing instinct’ (Grij881,. Siddig, 1993).
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2.5.2 The Ginger

Ginger is commonly use in food as spice. (Kaal,; 2007, and Schwertner
and Rios 2007), reported that the main compondrdsger are 6-gingerol,

6-shogaol, 8-gingerol and 10-gingerol and thesesttiments had exhibited
strong antioxidative activity. Antioxidants are ogoized for their potential

in promoting health and lowering the risk for candg/pertension and heart
disease (Wolfe and Liu, 2003; Valko et al., 2007).

2.5.2.1 Scientific classification

Kingdom . Plantae
Clade . Angiosperms
Clade . Monocots
Clade . Commelinids
Order . Zingiberales
Family . Zingiberlaceae
Genus . Zingiber
Species . Z. officinale

Binominal name : Zingiber officinale Roscoe
(https://en.m.wikipedia.org/wiki/Ginger)

2.5.2.2 Uses of the Ginger

Many scientists have reported antimicrobial praperof several plants. The
antimicrobial, (Khalil, et al,; 2005; Akroum, et al,; 2009; Omoya and
Akharaiyi, 2012), anti-inflammatory and anti-nedco{Lin and Huang,
2002 Omoya and Akharaiyi, 2012) activities have been reported from the
use of plants extracts. In many parts of the waflicigiber officinale has
medicinal and culinary values (Omoya and Akhar&@i] 2).

The volatile oil gingerol and other pungent prinegpnot only give ginger

its pungent aroma, but are the most medically piuwbecause they inhibit
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prostaglandin and leukotriene formation, which areducts that influence
blood flow and inflammation (Longe, 2005; Omoya and Akharaiyi, 2012).
Ginger has been found to be more effective thaoghla in multiple studies
for treating nausea caused by seasickness, morsiocgness and
chemotherapy (Ernst and Pittler, 2000), though gingas not found
superior to placebo for presumptively treating ppstative nausea (Omoya
and Akharaiyi, 2012). These studies also show sonigr of odansetron
over ginger in the treatment of chemotherapy rdlatausea. Ginger
compounds are active against a form of diarrheahvts the leading cause
of infant death in developing countries. Zingeramdékely to be the active
constituent against enterotoxigenic Escherichia logdt-labile enterotoxin-
induced diarrhea (Ernst and Pittl2000; Chen,et al,; 2007).

2.6 Thefungicide

The chemical Topas 100 Ec. Is Fungicide used awlatd control their
active ingredient contended 100 of liter penconazndde of Suasra,
signature in Sudan under No. 673. The Active ingmd(a.i) of Topas 100
Ec. is dosage 100gm/litter Binchonazol.(R.S)-142{Dichlorophynile)-N-
Phynile)-1-ASH-1,2,4 Trapzole. Mode of action sysite Fungicide with
penetrated of plant and effect on fungi hypha ghostage.

2.6.1Chemical identification

Penconozole, Calcium alkyl benzene, Sulphonate, matpetroleum
hydrocarbon liquid Poisoning symptoms in laboratanymals were non-

specific. Stable under standard conditions.
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CHAPTER THREE
MATERIALSAND METHODS

3.1 Study location

This study was conducted in the laboratory of pfaatthology, Department
of Plant Protection, College of Agricultural StuslieSudan University of
Science and Technology, during, March and April 20The aim of this

Study was to detect and identify furigpergillus flavus , associated with

seeds samples collected from four location , eanh from different Estate
of Sudan, to explore the methods of control un@éotatory conditions

where temperature around 25@8

3.2The materials

3.2.1 Tools and equipments used

All materials and tools except seeds, which useth@&experiments, were
sterilized using 70% ethyl alcohol. Formalin (10#gs used for Petri plate
sterilization. Cotton blue and lacto phenol weredusor staining of the

fungal cytoplasm and for providing a light blue kgound, against which
the walls of hyphae can readily be seen (Aneja2004)

3.3 The methods

3.3.1 Samples collection

Eight groundnut seeds samples were obtained fioom different regions

in Sudan (Nyala , Algeneina , Alrahad and New halfawvo samples from

each region , one from storage (post harvest in g£2013) and the other
from field (harvested in year 2014). Randomizes lamohogeneous as 1 kg.
was secured from each samples. Seed samples wanm @ccording to

international standards for seed testing assoaidt®TA, 1966). Collected

samples were labeled and kept separately in sepdgmer bags and

transported to the laboratory where they were réadgst.
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3.3.2 Dry seed ingpection

Two hundred (200) seeds of each seed sample wedemdy selected and
examined under stereoscopic , binocular , micros¢@p-4x), by magnified
lens and naked eye according to the internatioeadl gesting association
(ISTA Rules,1966). The samples were examined fpunties, plant debris,
weed seeds, discoloration and malformation.

3.3.3 Detection and isolation of seed borne fungi

The seed samples were tested by the standardrbioghod and media
(PDA) potato dextrose agar method for detectiorse#d borne fungi as
described by IST. Normal and discolored seeds wested separately for
seed borne fungi.

3.3.3.1 Blotter method

For the detection of seed borne fungi, standarttdslmethod as described
by the International Seed Testing Association (ISIPR6), was used for the
detection of the seed-borne fungi associated waitheseed sample. The
seed samples in their various forms according ®rtbrops were then
platted on moistened filter papers (dia. 9.0 cm9.d cm sterilized plastic
Petri-dishes. in case of groundnut, 3 seeds weaa@ed at the periphery of
the plate and 2 at the centre with three replicatiovere used and then kept
in dark place for seed germination.

After seven days from incubation, seeds were theameed for fungal
growth under a stereo microscope. Fungi identibcaby habit character
was supplemented by microscopic examination ofespand fruiting bodies
using a compound microscope. (Mathur, P Neergaard, 1975; Mathur and
Kongsdal; 2003). Infection levels were recorded as the percentage of

infected seeds in each sample.
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3.3.3.2 Agar bate method

All seed samples was pre-treated with sodium hyjpoitéd 1% solution for
5m, then washed three times with sterilized dedillwater and dried
between tow filter papers. The seed samples wexteglin the sterilized
glass Petri-dishes on potato dextrose agar medRiDA). The plates were
incubated for 7 days at 5. In the & days the Seeds were examined under
light Microscopes using slides preparation. (Liogtcal,; 2011).

3.3.4 Slide preparation

The samples of fungus were taken randomly from eah seed samples.
These samples were identified on the basis of goldraracteristics and
microscopic examinations. Standard books and relsepapers were
consulted during the examination of these fungigjan2004).The binocular
compound microscope was also used to determiniypleeof fungus in each
plate. Fungi identified and their percentage fremyegPF) of occurrence of
fungal was calculated by applying the followingrfada:

PF = (No. of seeds on which fungus appear / Tatalber of seeds§100
3.3.5 Pure culture preparation of fungi

The amount of the mycelium @A. flavus, A. niger Penicillium digitatum,
Rhizopus spp., Alternaria spp., Colletotricum Phoma spp., isolated from
seed samples of groundnut were picked and cultumedsterilized glass
Petri-dishes(9.0 cm in diameter) containing PDA iaedor further
identification with the help of various keys (Raper and Fennel, 1965; Booth,
1971). Fungal growth continued for 5-7 days andnthept in the

refrigerator as a stock for further investigation.
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3.3.6 Identification of fungi

The identification of the fungi was based on viscalture characteristics.
Furthermore, Microscopic examinations were caroet for Mycelial and
conidia structure based on the method of (Booth.977

3.3.7 Plant extracts preparations

Neem leaves were collected from Shambat area aodgbt to the
laboratory was dried in shade. Ginger rhizomegparfched collected from
local market of bahri. Ginger and Neem leaves veeushed separately to
obtain fine powder.

3.3.7.1 Ethanol extracts preparations

The powder prepared from each plant material meatoabove was used
for preparing the different botanical treatmentstfee study. Preparation of
the methanol extracts started 3 days before thergmpnt time. Exactly
60gm powder was extracted in ethanol for 6 hoursagua soxhlet. The
extracts were concentrated using rotary flash enadpo and preserved at
58°C in airtight brown bottles for further use.

An additional methanol extract from each Neem l|saard ginger were
prepared separately. The fresh Neem leaves andefGifgzomes were
washed. After drying, Neem and Ginger slices weoaiigd to fine powder
separately using electric blender. 10 g powderchevas soaked in 100 ml
of methanol separately. The flasks were incubated@n temperature for
72 hours with shaking at 120 rpm. The crude exdractre centrifuged at
3000 rpm for 10 minutes at 25°C. The extracts veswagporated at 50°C. All
dried extract samples were dissolved in distilledex separately to the final
concentration of 100 mg/ml and centrifuged agaithG000 rpm to remove

the undissolved residues. The extract solutiong wtared at 4°c.
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3.3.7.2 Ginger and Neem extracts

Fresh rhizomes of Ginger and Neem leaves planishenes (rhizomes of
Zingiber officinale), (leaves of Azadirachta indica), respectively was
powdered with grinding and obtain 60gm from eacé fom ethanol extracts.
After that we must be have three concentrations feach extract, as well as
25, 50 and 100%.

3.3.8 Preparation of fungicide Topas Ec. 100

The chemical tested were Topas Ec.100 fungicide 8issolved in 100 ml
methanol to give 25, 50, 100 ppm respectively fhes solution 25, 50,
100 were completed to 100 ml by adding sterilizedafm dextrose agar
medium to give final concentration.

The PDA media was amended with the required conagom from Neem,
Ginger and fungicide Topas Ec.100, (25, 50 and 1G8om each) before
being solidified in a conical flask of 250 ml, ag&d and poured it into
sterilized Petri dishes. Three plates were assifpregach concentration and
left to solidify. The other three plates with PDAedium were served as
control.

The Petri dishes of each concentration were inedbat 25 °C for 5 days.
The growth of the fungus was measured and calaikuecessfully after 3
to 5 days after inoculation.

The effect of each extracts was evaluated as pagerof reduction in
diameter of fungal growth (R) where:-

dc — dt
R = X100%
dc

Where R = Percentage reduction of the growth, damdter of controlled

growth and dt= diameter of treated growth
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3.4Effect of botanical extracts and fungicide on the linear growth of

A. flavusin vitro
The PDA media was amended with the required coragot from Neem
leaves ;(25ml, 50 and 100ml from each) before being solidified in a conical
flask of 250 ml, agitated and poured it into steedl Petri dishes.
Three plates were assigned for each concentratidriedt to solidify. The
other three plates with PDA medium were servedasral.
The Petri dishes of each concentration were inedbat 25°C for 5 days.
The growth of the fungus was measured and calaikiecessfully after 3
to 5 days after inoculation.
3.5 Fungicides Topas Ec. 100 Ec.
The chemical Topas 100 Ec. Is Fungicide used awlatd control their
active ingredient contended 100 of liter penconazonade of Suasra,
signature in Sudan under No. 673.
3.6 Experimental design
These experiments were arranged in a Complete Rairdd Design (CRD)
3.7 Statistical analysis
The data was collected statistically analyzed afingrto analysis of Mstat
variance (ANOVA); - Duncan's Multiple Range Testswased for mean

separation.
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CHAPTER FOUR
RESULTS

This study was conducted under laboratory conustiof plant protection
Department, College of Agricultural Studies, Sud#mversity of science
and Technology (During March and April 2015).Thmaof this study was
to detect and identify seed borne fungi associatgd seeds samples of
groundnut, Arachis haypogaea L.). Eight samples collected from four
regions in Sudan, seasons (2013-2014 and 2014-2@itb)each region, to
evaluate the antifungal activity of ethanol extsagt Ginger and Neem with
fungicide Topas Ec. 100 (as standard), to inhiigt growth of the Fungus
Aspergillus flavus in vitro. The study also covers Seed Health Testing,
detection and identification of seed borne fungi.
4.1 Detection and isolation of seed borne fungi from Groundnut samples
4.1.1 Dry Seed inspection
Two hundred (200) seeds from each sample of the@aund nut regions
(Algeneina, New Halfa, Nyala and Alrahad) wereddstThe result revealed
the presences of impurities, plant debris, brokksgoloration, and disease
symptom as shown in table (1) and plate (1). Thaulte showed that
Algeneina scored a higher percentage of healthg $88.5%) but New
Halfa scored a higher percentage of unhealthy $88cb%) and Nyala
scored a higher percentage of broken seed (2%)rs€2813-2014).
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Table 1 Dry inspection of seed groundnut showing different categories of 200 seeds
tested, Seasons (2013-2014 and 2014-2015).

Regions Algeneina Alrahad New halfa Nyala
Seasons2013 2013 2013 2013 2013 2013 2013 2013
Categories 2014 2014 2014 2014 2014 2014 2014 2014
Number 160 168 149 161 158 175 156 160
Healthy
percentage% 80 835 795 805 665 825 78 80
Number 38 32 39 38 45 23 40 37
Unhealthy
percentage% 19 16 195. 19 225 115 20 185
Number 2 1 2 1 2 2 4 3
Broken
percentage% 1 0.5 1 0.5 1 1 2 15
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Plate 1 the composite samples and two hundred se@adscess of dry

inspection test.
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4.1.2 Blotter Method (filter papers)

One hundred (100) groundnut seeds from each regenme treated with
Sodium hypochlorite 5%; the treatment by this chemical disinfectant has
excluded all saprophytic fungi carried on the stefeof seeds. Fungi
detected in groundnut seeds adhdteenaria solani , Aspergillus flavus,
Aspergillus niger, Pencillium digitatum, Rhyzopus nigrican in the two
season but in season (2013-2014) the incidencehwgaer andA. flavus
was scored the higher incidence percentage in "thd™3and %' day from
incubation (4.5, 5.5 and 8%}spectively,as shown in Tables (2,3 and 4).
4.1.3 Agar Plate Method (PDA)

One hundred seeds of groundnéAtachis haybogaea) from four regions
were tested using agar plate method. The fungi wdetected from
groundnut Seeds werd|ternaria solani, Aspergillus flavus, Aspergillus
niger, Pencillium digitatum, Rhyzopus nigricans. nigrican in the two season
but in season (2013-2014) the incidence was highdrAspergillus flavus
was scored the higher incidence percentage in "thd™3and %' day from
incubation (4.25, 5.5 and 8%@gspectivelyas shown in Tables (5, 6 and 7).
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Plate 2 processes of dry inspection ter 200 seeds from each one of ei

samples
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Table 2 Fungi incidence on seed of groundnut by blotter method in the 3rOI day

from incubating (disease incidence %)

Regions

Seasons

Species

Algeneina Alrahad New halfa Nyala

2013 2014 2013 2014 2013 2014 2013 2014
2014 2015 2014 2015 2014 2015 2014 2015

Alternaria alternata

Aspergillus flavus

Aspergillus niger

Penicillium digitatum

Rhizopus nigricans

Mean

0 0 0 1 0 0 0 0
10 2 6 0 1 0 1 2
2 0 0 2 0 1 0 0
1 1 0 0 6 2 6 1
0 0 0 1 1 4 1 1
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Table 3 Fungi incidence on seed of groundnut by blotter method in the 4" day
from incubating (disease incidence %)

_ Algeneina Alrahad New halfa Nyala
Regions
Seasons 2013 2014 2013 2014 2013 2014 2013 2014
Species 2014 2015 2014 2015 2014 2015 2014 2015
Alternaria alternata 0 0 0 1 0 0 0 0
Aspergillus flavus 12 8 8 4 3 4 9 4
Aspergillus niger 2 3 3 2 0 1 1 1

Penicillium digitatum 0 4 1 0 7 3 1 4

Rhizopus nigricans 1 0 3 1 3 4 3 1

Mean 3 3 3 18 26 24 2.8 2
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Table 4 Fungi incidence on seed of groundnut by blotter method in the 5" day

from incubating (disease incidence %)

Regions Algeneina Alrahad New halfa Nyala

Seasons 2013 2014 2013 2014 2013 2014 2013 2014

Species 2014 2015 2014 2015 2014 2015 2014 2015
Alternaria alternata 0 0 0 1 0 0 0 4
Aspergillus flavus 12 8 8 4 3 4 9 1
Aspergillus niger 2 3 3 3 0 1 1 4
Penicillium digitatum 0 4 1 0 7 3 1 1
Rhizopus nigricans 1 0 3 2 2 4 3 0

Mean 3 3 3 2 24 24 2.8 2

37



Table 5 Fungi incidence on seed of groundnut by Aga plate-method in the 3rd

day from incubating (disease incidence %)

Regions

Seasons

Species

Algeneina Alrahad New halfa Nyala

2013 2014 2013 2014 2013 2014 2013 2014
2014 2015 2014 2015 2014 2015 2014 2015

Alternaria alternata

Aspergillus flavus

Aspergillus niger

Penicillium digitatum

Rhizopus nigricans

Mean

0 2 3 6 3 9 0 4
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Table 6 Fungi incidence on seed of groundnut by Aga plate-method in the 4™

day from incubating (disease incidence %)

Regions Algeneina Alrahad New halfa Nyala

Seasons 2013 2014 2013 2014 2013 2014 2013 2014

Species 2014 2015 2014 2015 2014 2015 2014 2015
Alternaria alternata 0 o 7 6 3 10 O 4
Aspergillus flavus 9 7 7 6 1 2 5 4
Aspergillus niger 0 5 1 0 0 1 0 0
Penicillium digitatum 0 0 0 0 1 0 3 1
Rhizopus nigricans 5 1 0 3 10 0 0 1

Mean 28 2.6 3 3 3 2.6 1.6 2
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Table 7 Fungi incidence on seed of groundnut by Aga plate-method in the 5™

day from incubating (disease incidence %)

Regions Algeneina Alrahad New halfa Nyala

Seasons 2013 2014 2013 2014 2013 2014 2013 2014

Species 2014 2015 2014 2015 2014 2015 2014 2015
Alternaria alternata 0 0 0 1 0 0 0 4
Aspergillus flavus 12 8 8 4 3 4 9 1
Aspergillus niger 2 3 3 2 0 1 1 4
Penicillium digitatum 0 4 1 0 7 3 1 1
Rhizopus nigricans 1 0 3 1 3 4 3 0

Mean 3 3 3 16 26 24 28 2
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4.2 |solation and identification of A. flavus strain

4.2.1 Identifications of A. flavusin groundnut

Tables 8 and 9 showed that the growth of Ahéavus in groundnut seed,

after culturing in Agar plate (PDA media) and Bésttmethods (Blotter-filter

papers), after the 34" and %' day from incubation.

Identification was performed depending on the calteharacteristics and
conidia, hyphae, mycelium, sclerotia and sporepehaas described by
(Booth 1977 and Agrios 2005)
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Table 8 Thegrowth of A. flavusin the 3rOI day from treatment on Blotter-method

(growth/day)

Days after Algeneina Alrahad New halfa Nyala
incubation 2013 2014 2013 2014 2013 2014 2013 2014
Seasons 2014 2015 2014 2015 2014 2015 2014 2015

after 3day 10 2 6 0 1 0 1 2

afterd day 12 8 8 4 3 4 9 4

after 5 day 12 8 8 4 3 4 9 1

Mean 34 18 22 8 7 8 19 7
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Table 9 The growth of A. flavusin the 3" day from treatment on Agar plate-

method(growth/day)
Days after  Algeneina Alrahad New halfa Nyala
incubation 2013 2014 2013 2014 2013 2014 2013 2014
Seasons 2014 2015 2014 2015 2014 2015 2014 2015
after g;dday 7 7 4 3 4 0 2 0
After 4 'day 9 7 7 6 1 2 5 4
Mean 28 23 19 13 8 6 16 5
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4.2.2 | solated of A. flavus from groundnut

Plate 3 showed thA. flavus strain isolated from groundnut seed in th& 5

day after incubation on PDA media and re-cultuongpure culture of PDA

media, and then obtained pure strainAoflvus. Also Plate 3 showed the

slide ofA. flavus isolated from groundnut samples.

4.3 Effect of ethanol extracts of botanicals and fungicide were used to
inhibition growth of A. flavusin vitro

plate 5 showed the comparison between effect afnethextract of botanicals

(Ginger and Neem), Fungicide Topas 100 Ec. andrabint the %" day from the

test of experimental were shown as the resulterettconcentrations 25%, 50%

and 100% for each one of inhibitory materials (fierde and ethanol extract of

Ginger rhizomes and Neem leaves), showing as flgwin

A=Fungicide, B= Neem, C=Ginger and D= controlafe|5)
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Plate 3A. flavus strain isolated from seed samples and re-cultlwm&DA in
the Bday from incubation
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Plate 4 slidesf A. flavusisolated from groundnut seed samples
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Plate 5 inhibition errgiIIus flavusin the 5 day from incubation
comparison between ethafefungicide B= extract of Neenand

C= extract of Ginger wittb=control.
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4.4 Effects of the fungicide and ethanol extract of Ginger and Neem on

theliner growth of A. flavusin vitro
The antifungal activity of Ginger rhizomes and Ne&raves extracts to
study the effects of plant extracts on the growttiAoflavus in vitro after
48houre from incubatianrhe results showed that fungicide and the ethanol
extracts of Ginger and Neem were effective in rauythe mycelia growth
of A. flavus. All concentrations of fungicide and extracts oftdiocals
(Ginger and Neem) were given different significgrdf inhibition growth
percentage against fungAsflavus. That there was a significant decrease in
the mycelia growth of theA. flavus with an increase in fungicidal
concentration. Figure (1, 2 and 3)
4.4.1 Effect of fungicide and ethanol extract of Ginger and Neem

on the liner growth of A. flavusin vitroin the 3" day.

Table 10 and figure 1 shown result in tied&y from incubation the fact, all
concentrations of fungicide and extracts Ginger &ekm were given
different significantly of inhibition growth perctage against fungus .
flavus in vitro. Ginger were given (12.4, 49.6 and 70.p, Béeem were given
(25, 49.8 and 60.7 %), fungicide were given (4173,2 and 89.3 %)
respectively. The sensitivity of mycelial growth Af flavus was checking
againstfungicide That there was a significant decrease in the ngcel

growth of the fungus with an increase in fungicidahcentration.
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Table 10 Effects of fungicide and ethanol extractsg)f Ginger and Neem on the
liner growth of A. flavusin vitroin the 3r day from incubation

Treatments Inhibition growth %
Ginger 25% 12.4(20.2) e
50% 49.6(44.8)c
100% 70.2(57.3)e
Neem 25% 25(29.8)de
50% 49.8(44.9)c
100% 60.7(51.3)bc
Fungicide 25% 41.3(40)cd
50% 73.2(59)b
100% 89.3(74.5)a
Control 0(0.7)c
LSD 11.58
SE+ 3.89
CV% 16.12%

Statistical analysis was performed transformatimnasing Table X Angular.

(Appendix, 8 and 9)



100 -+

90 A

80 A

70 A
S 60 -
<
S
g} 50 - | Ginger
o H Neem
ey
2 m Topas
S 40 -

30 A

20 -

10 -

o
0 T T T 1
Control 25 50 100
Concentration %

Figure 1 Effects the Ginger and Neem ethanol etdraicd fungicide c the liner

growth oA. flavus in vitro in the 3°day from incubation

50



4.4.2. Effect of the fungicide and ethanol extract of Ginger and

Neem on theliner growth of A. flavusin vitroin the 4™ day.
Table 11 and figure 2 shown results in tfeddy from incubation. The fact,
all concentrations of fungicide and extracts Ginged Neem were given
different significantly of inhibition growth perceage against fungus @.
flavus in vitro. Ginger concentrations (25, 50, and 1089é)e given (28.7,
82.5 and 85.1 %) respectively. Neem concentrat{@bs 50 and 100 %)
were given (35.9, 79.3 and 84.3 %) and fungicideceatrations (25, 50,
and 100%) were given (60.3, 84.5 and 89.2 %) resqede. The Ginger

gives the highest reduction than the Neem.
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Table 11 Effects of fungicide and ethanol extracts of Ginger and Neem on the
liner growth of A. flavusin vitro in the 4™ day from incubation

Treatments Inhibition growth %
Ginger 25% 28.7(32.2)e
50% 82.5(62.7)bc
100% 85.1(70.7)ab
Neem 25% 53.9(47.3)d
50% 79.3(60.7)c
100% 84.3(66.7)abc
Fungicide 25% 60.3(51)d
50% 84.5(66.9)abc
100% 89.2(70.9)a
Control 0(0.7)c
LSD 11.58
SE+ 4.08
CV% 14.55%

Statistical analysis was performed transformatimnasing Table X Angular.

(Appendix, 8 and 9)
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4.4.3. Effect of the Fungicide and ethanol extract of Ginger and
Neem on theliner growth of A. flavusin vitro in the 5" day.

Table 12 and Figure 3 shown results in tflel8y from incubation. The fact
all concentrations of Ginger, Neem and fungiciderevgives different
significantly of inhibition percentage against fusg In fungicide
concentrations (25, 50 and 100%) were gives (6848, and 89.2 %)
respectively. Ginger concentrations (25, 50 and %)Qvere gives32.783.5
and89%) respectively, Neem concentrations (25, 50, &Pd) were gives
(60.8 83.8 and 86.4 %) and fungicide r concentrations (25, 50 and %0

were gives &3, 89.8and94.5%) respectively.
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Table 12 Effects of fungicide and ethanol extracts of Ginger and Neem on the
liner growth of A. flavusin vitroin the 5" day from incubation

Treatments Inhibition growth %
Ginger 25% 32.7 (34.8)b
50% 83.5 (66)a
100% 89 (70.8)a
Neem 25% 60.8 (54.3)b
50% 83.8 (66.3)a
100% 86.4(68.4)a
Fungicide 25% 83 (65.2)a
50% 89.8 (67.9)a
100% 94.5(76.6)a
Control 0(0.7)c
LSD 11.91
SE+ 4.07
CV% 12.10%

Statistical analysis was performed transformatimnasing Table X Angular.
(Appendix, 8 and 9)
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CHAPTER FIVE
DISCUSSION

Mycotoxin-producing by funghspergillus spp. is significant contaminant
and destroyers of agricultural products and saetise field, during storage
and processing, and in the markets reduces theitinel value (Jimoh and
Kolapo, 2008). Mycotoxin as Aflatoxin contaminatimleed increases
under drought stress (Girdtratial., 2010) because of decrease in the water
activity, that creates cracks in pod wall thatallkbe penetration of the
Aspergillus flavus. Damaged pods are likely to contain more aflatdtan
pods with undamaged shells (Sudhadta., 2007).
Aflatoxin, a toxin produced by fundi.flavus,is acutely toxic to some
animals but also carcinogenic to humans (Thirunisaiet al., 2002). High
level of aflatoxin contains groundnut-derived prokdufor consumption is
one of the main problems related to groundnut coromlezation. Breeding
groundnut for aflatoxin contamination resistanceil@ddavea broad impact
on groundnut kernel quality, thereby enhancingett@omic return and
wellbeing of smallholder farmers, and health ofstoners. However,
contamination by aflatoxin is a multi-stage procasd it is not clear what
among these is the most critical to curb the fafitoxin content (Liangt
al., 2006;Cotty et al., 2007).
Fungal contamination of edible greasy seeds, mpgthtachio and almond
were reported in different countries. Previous gteVealed that the
presence of Aspergillus in soil may be the mairseawf the contaminations
in groundnuts. Regarding to direct contact of thiewith the groundnuts in
growth phases, fungi can penetrate through thengimut's shell and grow
there (Pittet al.; 1991).

This study was investigated occurrences of the $mede fungi on the
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groundnut in two seasons (2013-2014 and 2014- 2@1&study found that
the high incidence of fungal contamination of grdouts, it seems in the
late season compared to the early season, thiaroardtion could be due to
long-term storage, marketing under non-hygienicdatoms of the food
products in the poor environmental conditions idahg high moisture and
temperature. Also the traditional methods of hamligrains during
harvesting in the field, drying process and tramsfg lead to mechanical
damages of grains that due to the high incidenderagfal contamination of
groundnuts. In this condition, broken and grouralrgg are more vulnerable
to fungal attack than whole grains. These resuéisamilar to those (Lund,
2000) who reported that the 27 samples of groundndt their products
showed positive to Aflatoxins This similar to thegle samples of
groundnut studied in this study. Also (Suliman, 20@eported that the
stored peanut kernels showed positive to Aflatotims resembles result in
our study the showrA. flavus that response present of Aflatoxins. .
Identification was performed depending on laboratanvestigation
(cultural characteristics and conidia, hyphae, riyog sclerotia and spores
shapes as described by (Booth 1977)

Eight seed samples of groundnut were obtained foamregions in Sudan
(Algeneina, Alrahad, New Halfa and Nyala), for teeasons (2013-2014
and 2014-2015). The samples were tested for seedkbimingi by the
internationally accepted techniques. Internati@esd Testing Association
according to (ISTA 1966). The study cleared presewicspecies of fungi
after incubation by blotter and Agar plate methodée fungi were
presences are:Aspergillus flavus, Aspergillus niger, Alternaria alternate,

Penicillium digitatum, Rhizopus nigricans.
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Present investigations revealed that the in vitowgh of Aspergillus flavus
was significantly checked by ethanol extracts afdgér rhizomes and Neem
leaves at all concentration, results showed thatg€& have the highest
antifungal activity againsh. flavus which gave 25% inhibition reduction at
concentration 25% in thé“3lay from incubation. In concentration 50% the
effects shown as (49.6 and 49.8), inhibition of thieger and Neem are
similar. In concentration 100% the inhibition ofr@er highest than the
inhibition of Neem (70.2 and 60.7%) respectively.

In the 4" day after incubation the experimental it was retithat the effect
were shown when the concentrations 25% (32.7 arf) @fe low inhibition
in Ginger and medium in Neem, respectively. In @mation 50% (83.5
and 83.8), inhibition of the Ginger and Neem amilair. In concentration
100 % the effect showed as (89 and 86.4) the ihbrbof Ginger better than
the inhibitory of Neem.

However the higher inhibition of reduction resu#corded in Ginger
followed by Neem leaves at all dose compared wahtrol .who is the
reported less inhibition in the experimental.

In the 8" day after the incubation the experiment it wasaeot that the low
effect were shown when the concentrations 25% tteeteshown as (28.7,
53.9 and 60.3) Ginger, Neem and fungicide respelgtiMn concentration
50% the effects shown as (82.5, 79.3 and 84.5) &jrideem and fungicide
respectively, inhibition reduction of the GingerdaNeem are closely, and
best inhibition in fungicide. At concentration 100 the effect shown as
(85.1, 84.3 and 89.2) the Ginger better than thenNeand the high
inhibition was in fungicide. The result of this akkatment were comparisons

with control who is the reported less inhibitiontire experimental.
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In this experimental the three test of inhibiti@aduction growth oA. flavus
Tables (10, 11 and 12) and Figures (1, 2 and 3jstothe different
significant in reduction growth to the fungus Af flavus and the some
different significant was explained in concentrai@5% and 50% , that the
means the inhibition growth increase with incregsshconcentration.

The results also demonstrated that the Ginger @xteahibited more
inhibitory effect than the Neem extracts in concatidns 50% and 100%,
this could be attributed to the high concentratbthe bioactive inhibiting
compound in the Ginger extracts than the Neem etstrdoreover, the data
on concentrations from each plants ethanol exteadtibited different
inhibitory abilities on fungal growth.

The highest concentrations of the botanical exdrét00%) were the most
suppressive followed in a descended order by 50&02&8806. Likewise the
test organism responded differently to the differ@oncentrations of
extracts. This variability in response which expsgs by test organism to
different plants extracts was also reported by €fggbe 2001). In his
investigation, the explained that the majority loé studies involving plant
extracts demonstrated their inhibitory effects arfiectious or harmful
microorganisms at variable degree. Our resultsirar@greement with the
study of (Reem, Alhadi and Faiz,al.; 2012).

Comparison of the inhibitory activity of the botlthanol extracts, the
botanical ethanol extracts revealed the highest odimnhibition against the
fungi A.flavus strain, and they possess antifungal compoundshwdaald be
used as substitutes for the antibiotics.

Also present study signs the interesting assurahakesigning potentially
antifungal active real agents from the bothAingiber officinale and
Azadirachta indica).
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CONCOLUSSION

Aspergillus flavus is the second most important causing infectionse T
importance of this fungus increases in regions witlry and hot climate.
Commercial formulation based on extracts of Neemwvdeand Ginger
rhizomes, have been successfully used in pasingscide and control of the
plants diseases (with respect to pathogenic andotmyims producing
fungi), based on experimental investigations cedraet to the present study.
All the treatment had three replicates and the exy@smt was not repeated.
This study has examined the relationship betweewtly of A. flavus and
the impact of ethanol extracts of botanicals amigitide. Thus optimum
conditions for growth of this ofA. flavus strain were (30-35f with
marginal conditions at (15-40)production optimum conditions were (25-
30)°. The results showed that the 100 % best concenirfatr the inhibitory
of the largest amount of th& flavus. The Tables (10, 11 and 12) showed
significant differences between the three treatmeainger, Neem and
fungicide at three concentrations (25%, 50% andd)00

This result was generalized by pairing isolaté&.dlavus with fungicide and
ethanol extracts of botanicals. Inhibitor growth Af flavus accept
Fungicide, the Ginger that the best than the Neeconcentrations 50% and
100%, however all test means the botanical extraicethanol has good in
vitro activity against a range growth 8f flavus. Observed that severe
drought promoted growth and persistencé&.dl avus population leading to
high aflatoxin contamination.

Hopefully, recently published information about tAspergillus genomes
will help us to better understand the pathogeraddisese infections, as well

as providing insights into toxin production anceadjens
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RECOMMENDATIONS

Although, in this study the Ginger rhizomes and Neem leafs ethanol
extracts have been proven to inhibit fudgpergillus falvus, there are still

many aspects that need more research.

The storage of groundnut in optimum condsiothe moisture content must

be less than the 9%, and temperature is aboie 35

» Further researches should be carried out for fopdither botanical
extracts to inhibit the fungi.

» Further experiments should be done to investigateinfluence of
botanical extracts on fungi inhibition.

» |t is better to cooperate with economic profesd®rar evaluating
and comparing between botanical extracts from exinperspective.

» Use the clean healthy seeds and selective se@ddducing food.

* Add powder of Neem in storages and container ofiggaut.

The abstract article focuses on experimental adsmé the extracts of

Ginger and Neem as antifungal
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APPENDIXS

Appendix 1

ANALYSIS OF VARARNCE TABLE

Degrees of Soim Mean
Freedom Scps Square F-value Prob.
Between 9 12585 1358.063 29.367 0000
Within 20 9393 46.245
Total 29 3147.459
Coefficient of Variation = 16.12%
Appendix 2
ANALYSIS OF VARIARE TABLE
Degrees of Sum of Mean
Freedom Squares Square F-value olPr
Between 9 13462.323 1495.814 30.610 0.0000
Within 20 977.347 48.867
Total 29 144380
Coefficient of Variation = 12.10%
Appendix 3
ANALYSIS OF VARIANCE TABLE

Degrees of Sum o Mean

Freedom Segsar Square F-valueProb.
Between 9 13@B3 1445.408 120.914.0000
Within 20 2680 11.954
Total 29 32U7.748

Coefficient of Variation = 6.58%
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Appendix 4

Table 11 Effects of fungicide and ethanol extract of Ginger and Neem on

theliner growth of A. flavusin vitro in the 4™ day from incubation

Treatment Inhibition zone

Product Concentration R1 R2 R3

Ginger 25% 15(22.8) 16.7(24.1)  5.6(13.7)
50% 60(50.8) 44.4(41.8)| 44.4(41.8
100% 55(47.9) 72.2(58.2)] 83.3(65.9

Neem 25% 25(30) 16.7(24.1 33.3(35.2
50% 55(47.9) 50(45) 44.4(41.8
100% 60(50.8) 72.2(58.2)] 50(45)

Fungicide 25% 35(36.3) 50(45) 38.9(38.6
50% 75(60) 66.7(54.8)| 77.8(62)
100% 90(71.6) 77.8(61.9)] 100(90)

Control 0 (0.7) 0 (0.7) 0 (0.7)

LSD 11.58

SE+ 3.89

CV% 16.12%

Statistical analyses were performed transformatiyngsing Table X Angular.
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Appendix 5

Table 11 Effects of fungicide and ethanol extract of Ginger and Neem on

theliner growth of A. flavusin vitro in the 4™ day from incubation

Treatment Inhibition zone
Products Concentration R1 R2 R3
25% 28.1(32) 37.2(37.6)| 20.7(27.1
Genger 50% 80.4(63.7) | 80.4(63.7) 75.9(60.6
100% 88.2(69.9) | 85.1(77.3)] 82.1(65)
25% 62.1(52) 53.4(47) 46.2(42.8
Neem 50% 73.7(59.3) | 78.4(62.3)] 85.9(60.6
100% 83.7(66.2) | 83.8(66.3)) 85.5(67.6
25% 71.2(57.5) | 62.8(52.4)] 46.9(43.2
Fungicide 50% 86.3(68.3) | 82.4(65.2) 84.8(67.1
100% 91.5(73.1) | 87.8(69.6)] 88.3(70)
Control 0(0.7) 0 (0.7) 0 (0.7)
LSD 5.89
SE+ 4.08
CV% 4.55%

Statistical analyses were performed transformatiyngsing Table X Angular.

81



Appendix 6

Table 11 Effects of fungicide and ethanol extract of Ginger and Neem on

theliner growth of A. flavusin vitroin the 5" day from incubation

Treatment Inhibition zone
Product Concentration R1 R2 R3
25% 36.4(37.1) | 35.7(36.7)] 25.9(30.6
Genger 50% 85(67) 85(67.2) 80.6(63.9
100% 91.4(73) 89.3(71) 86.3(68.3
25% 70(65.8) 60(50.8) 52.5(46.4
Neem 50% 84.3(66.7) | 85(67.2) 82(64.9)
100% 87.1(69) 86.4(68.4)| 85.6(67.7
25% 85.7(67.8) | 82.1(65) 79.1(62.8
Fungicide 50% 93.6(74.4) | 88.6(70.3) 87.1(59)
100% 92.9(74.6) | 95.7(78) 95(77.1)
Control 0(0.7) 0 (0.7) 0 (0.7)
LSD 11.91
SE+ 4.07
CV% 12.10%

Statistical analyses were performed transformatigngsing Table X Angular.
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Appendix 7

Informations of fungicide Tops 100 E

Product Name = Topas=100 Ec systemic fungicide

Synonym = C GA71818

Other Name = Product code: A6209Q
Company Details=  Syngenta Crop Protection Pty lathihBN 33 002 933 717

Registered trademark of a Syngenta Group Company
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Appendix 8

TABLE X. ANGULAR TRANSFORMATION

2% 00 o' o2 03 04 0's5 o6 07 o8 0’9
o 0-00 181 256 314 363 4703 444 480 513 544

I 5774 6-02 629 655 680 7+03 7°27 7°49 771 792
2 813 833 8:53 872 891 9 10 928 9°46 963 9:8o
3 997 1014 10°30 1047 10°63 1078 10°94 11°09 1124 11°39
4 11°54 1168 11:83 I1°97 I2°11 12°25 12°38 12'52 1266 1279
5 12°92 13'05 13°18 13+31 1344 1356 1369 13+81 13'94 1406
6 14-18 1430 14°42 14°54 1465 1477 1489 15°00 15°12 1523
7 15°34 15°45 15°56 1568 15°79 15-89 16'co 16°1X 16°22 1632
8 16°43 16°'54 16°64 16474 16'85 16495 17405 I17°15 17-26 17°36
9 17°46 17°56 17-66 17496 17:85 17-95 18-05 18-15 18-24 18-34
10 18-43 18-53 1863 18-72 18-81 18-91 1900 1909 19°19 19-28
11 19°37 19°46 19'55 1964 19°%73 19+82 19'91 20°00 2009 2018
12 20429 2036 20°44 20°53 2062 20°%0 2079 20-88 2096 21°0§
13 21°13 21°22 21'30 21°39 21°47 2156 2164 2172 2181 2189
14 21°9% 22'06 22°14 22-22 22°30 2238 2246 2254 22°63 2271
15 22°79 22-87 22°'95 23°03 23°11 2318 2326 2334 23'42 23°50
16 2358 2366 2373 2381 2389 2397 24'04 24°12 2420 24°2%
17 24°35 2443 24’50 24-58 2465 .24°73 24'80 2488 2495 25703
18 25°I0 2518 25°25 2533 25°40 2547 25°55 25°62 2570 2577
19 2584 25°9T 25'G9 26-06 26-13 26-21 2628 26-35 2642 26-49
20 2657 26464 26°71 26-78 2685 2692 2699 27406 27°13 27'20
21 27:27 2735 2742 2749  27°56 2762 2769 27-76 2783 27.90
22 27'97 28-04 2811 2818 2825 28-32 2839 2845 28+52 28+59
23 28:66 28-73 2879 28-86 2893 29°00 2906 29°13 29°20 2g9°27
24 29°33 29°40 29°47 29°53 2960 2967 29'73 29+8o 2987 29'93
25 3000 3007 3013 30°20 30726 30733 3040 30746 30753 3059
26 30°66 3072 3079 3085 3092 3098 31'05 3I°11 3118 31°24
27 31°31 31°37 3144 31°50 31°56 3163 31°69 31+76 3182 3188
28 31°95 32+01 3208 3214 32°20 3229 3233 32°39 3246 32°52
29 32758 32°65 3271 3277 32783 32°90 32°96 3302 33'09 33'15
30 33°21 3327 3334 3340 3346 3352 3358 3365 3371 3377
31 33°83 33°90 33796 3402 34°08 34'14  34'20 3427 34°33 3439
32 34°45 34°51 34°57 3463 3470 3476 34'82 3488 34'94 3500
33 35:06 35712 3518 35'24 35730 35'37 3543 3549 3555 3561
34 3567 3573 3579 3585 35°01 35797 3603 3609 36°15 3621
35 3627 36°33 3639 36445 36751 3657 3663 3669 3675 3681
36 36-87 3693 3699 3705 3yII 37°17 3723 3729 37°35 37741
37 37°46 37°52 37'58 3764 3770 3776 37'82 3788 3794 3800
38 38-06 3812 3817 3823 3829 3835 3841 3847 3853 38:59
39 3865 380 3876 3882 3888 3894  39'00 3906  39°Ix 3917
4o 3923 39'29 39°35 39°41 39°47 39'52 39'58 3964 3970 3976
41 3982 3987 39'93 39799 40705 40'1r 4016 4022 4028 4034
42 40°40 40°45 40°51 40°54 4063 40°69 4074 4080 4086 40'92
43 40°98 41°03 41709 41°15 41°21 41°27 41°32 41°38 41°'44 41°50
44 | 41'55 4161 4167 41773 4178 4184 4190 4196 4202 42°07
45 42°13  42°19 42°25 42:30  42°36 42742 42'48 42°53 42°59 4265
46 4271 4276 42°82 4288 42'94 4299 4305 43°11 4317 43'22
47 4328 43°34 43°39 4345 43°51 43'57 4362 4368 4374 43'80
48 4385 4391 43'97 4403 4408 44'14 4420 4426 4431 44°37
49 44'43 4448 44°54 4460 4466 44771 4477 44'83 4489 44794
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Appendix 9

2%

TABLE X. ANGULAR TRANSFORMATION—continued

o 1 o2 03 04 o5 06 o7 o8 o9
50 45°00 45°06 4511 45°17 45723 4529 4534 4540 45°46  45°52
51 4557 4563 4569 45774 4580 4586 45°92 4597 4603 4609
52 46°15 4620 4626 46°32 4638 4643 46749 46°55 46-61 46-66
53 46472 46478 46-83 4689 46-95 4701 4706 4712 47°18  47°24
54 4729 47°35 4741 47°47 4752 47+58 4764 47470 4775 47-81
55 4787 47'93 47'98 48-04 4810 48-16 48-22 4827 48-33 4839
56 4845 4850 48-56 4862 4868 4873 4879 4885 4891 4897
57 49°02 49+08 49'14 49°20 49°26 4931 49°37 49°43 49°49 49°55
58 49+60 49°66 4972 4978 49'84 49°89 49°95 5001 5007  50°13
59 5018 5024 5030 5036 5042 50°48 5053 50'59 50°65 5071
6o 5077 5083 5089 50°04 5I'00 5106 5I°I2 5118 5I°24 5I1-30
61 51°35 51°41 5147 5153 51'59 51°65 5171 5177 5183 51-88
6z 51°04 52°00 52+06 52°I2 52-18 §52-24 52-30 52°36 52-42 52°48
63 52*54 52°59 52+65 5271 5277 5283 52-89 52-95 §3-o1 5307
64 5313 5319 53:25 53°31 53'37 53'43 53°49 53'55 5361 5367
6s 53'73 5379 5385 53°91 5397 5403 5409 5415 5421 54°27
66 54°33 5439 54°45 5451 54+57 5463 5470 5476 5482 5488
67 5494 5500 5506 5512 5518 5524 5530 5537 5543 5549
68 55'55 55-61 55°67 55°73 55-80 55°86 5592 5598 56-07 56-10
69 5617 56°23 5629 56°35 5642 5648 5654 5660 5666  56-37.
70 5679 5685 5691 5698 57704 57710 57°17 57'23 5729  §7-35
71 57°42 5748 57'54 §7+61 57-67 57°73 57:80 5786 57:92 57-99
72 58-05 58-12 5818 5824 58-31 5837 58'44 5850 58:56 58-63
73 58469 5876 5882 58-89 5895 59-02 59-08 59°15 59-21 59-28
74 59°34 5941 59°47 5954 5960 5967 5974 5980 59-87 5993
75 6o 00 6004 Go 13 60°20 6027 60°33 6040 6047 6053 60-60
76 6067 6o*73 60+80 60-87 60'94 6100 61-07 6114 6121 6127
77 6134 61°41 61°48 61°55 6161 6168 61475 6182 6189 6196
78 62:03 62'10 62-17 62°24 62:31 62+38 6244 62°51 6258 6265
79 62+73 62-80 62:87 62:94 6301 6308 6315 6322 6329 63:36
8o 6343 63°51 63'58 6365 6372 6379 6387 6394 6401 84-09
81 64°16 6423 64°30 6438 6445 64453 6460 6469 64°75 64-82
82 6490 64-97 6505 65-12 6520 6527 6535 6542 65-50  65-57
83 6565 6573 6580 65+88 65-96 66-03 6611 6619 66-27 66°34
84 6642 6650 6658 66466 6674 66-82 6689 66-99 67-05 67°13
85 67-21 67729 67°37 6746  67'54 67-62 6770 6778 6786 67'04
86 6803 6811 6819 6828 68-36 6844 6853 68-61 68+70 68478
8y 6887 68-93 69°04 69°12 6921 69°30 6938 69-47 6956 69-64
88 6973 60°82 69°91 7000 70 09 7018 7027 70°36 7045 7054
89 7063 7072 7081 70491 7100 71-00 HI-19 71-28 7137 7147
90 71°57 7166 7176 71-85 71°95 720§ 72715 72724 72°34 72°44
91 72°54 7264 7274 72-85 72°95 7305 73'15 7326 73736 73°46
9z 73'8% 73-68 7318 2380 74:00 74+1T 7421 7432 7444 74°55
93 74°66 7477 7488 7500 7511 75°23 75735 7546 75°58 7570
94 7582 75-04 7606 76°19 76:31 76+44 76°56 7669 76+82 76°95
95 7708 77°21 77°34 7748 7762 7775 77-89 7803 7817 7832
96 78+46 7861 7876 78-91 79°06 7922 7937 79°53 79:70 7986
97 8o'03 8or20 8037 8054 8o'72 8o-go 8109 81°28 84y 816y
08 81-84 8208 8229 8251 8273 82+94 8320 8345 8371 8398
99 8426 8456 - 8487 85-20 8556 85-95 86-37 86-86 8744 88-19
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