Sudan University of Science and Technology

College of Graduate Studies

Efficacy of some Natural Product, Sodium Bicarbonate and

Fungicide (Revus top®) on Neofusicoccum mangiferae, fungus

SIS (® @8 pady ) s bl dall g a3 geal) gy Sy g Andal) laiial) (lany dllad
| pile a8 38 g5 hadl

A thesis submitted in partial fulfillment of the requirements for the M.Sc. Degree in
Plant Protection

By:

Khansa Alfashamim Ali Mahadi
Sudan University of Science and Technology

Department of Plant Protection

B.Sc. Agric. (Honors), 2011.

Supervisor:
Dr. Ibrahim Saeed Mohamed
College of Agricultural Studies

Sudan University of Science and Technology

2015



i,V

L;L’u JG

o volS Bl ad . po LKlsls mlol S4d

L&) Y oo i b Lilah s (V+4) s dbsy Liy o

4. s Slay el lello e Joald 4. 5y el Tgom (0F o EINESTS
£V )l
Laxl) ) 3aa

&J.@SHBJJ»A



Dedication

To my mother
To my father
To my sisters and brothers
To my family
To my teachers
To my colleagues and friends

With love and respect.

Aoerrasee



ACKNOWLEDGMENTS

All thanks are due to Almighty Allah who gave me health and strength,

and helped me tremendously to produce this work.

I would like to express my thanks to my supervisor Dr. Ibrahim Saeed
Mohamed College of Agricultural studies, Sudan University of Science
and Technology, who devoted most of his time to teach us various

disciplines of scientific research.

Thanks are also extended to my dear teachers Mawada Ibrahim and
Waleed Elamin for their continuous and help statistical analysis during

this study.

Also Special Thanks are due to my colleagues at the M.Sc. who helped
me during the experiments. Grateful thanks are due to all the staff of the
Department of Plant Protection, College of Agricultural Studies, Sudan

University of Science and Technology.



Contents

V1 et I
DEDICATION. ..ottt ettt e ettt e e e e e e eareeeeeas II
ACKNOWLEDGEMENTS ..ottt I
CONTENTS ..t et e e et e e e ettt e e e e e aeeas v
LSt Of tabIes ... VII
LISt Of fIQUIES.....eeeiiieiiieee et et e e e e e e e e eeeeneeeees VIII
LISt OF PLAteS .. e e e e e e et raa e e e e e aaeas IX
ABSTRACT .ttt et e ettt e e e et e e e e aaeeas X
Sl R la ettt ete e teeeaeeaeas XI
CHAPTER ONE ...ttt et 1
INTRODUCTION ...ttt et e e e e 1
CHAPTER TWO ...ttt ettt e e ebeeee e 4
LITERATURE REVIEW L...ooiiiiiiiiie et 4
2-1-Neofusicoccum MANGIfErae: .............cceeeeeeeeuveeiiaeiieeeeeeesciniieenaaeeeans 4
2-1-1-ClasSTICATION: ..eouueeiiieiiiiiiee et eeee e 4
P BN 1 10) 11111 1 PSPPI 4
2-1-3- BIOLOZY: coeieeeeiiiieeee e a e e e e e as 5
P B ) (S 0 [ TSRS 6
2-1-5-EpidemiolOgy:......uvviiiieeeeeeiiiiiieee ettt 6
2.1.6- Distribution and Host Range in Sudan::..........ccccceeevvviiniiinnnnnn... 6
P B ) 111 0110) 41 1P 7
2-1-8-Effect on the human: ...........cooouiiiiiiiii e 7
2-2- CONLIOL MEASUCTS: ....eeeieiiiiiiieeeiiiiieeeeiie e e ettt e e e et ee e eiebeeeeeens 8



2-2-2-Culture]l PractiCeS: ..uuumiiiiiiieriiiiiiieeeeeees e eeeerrreee e e e e e e eeeeeeeeees 8
2-2-3-Biolical control: ..........oocouiiiiiiiiiiiie e 8
2-2-4-Resistance of N. mangiferae:...........ccceceeevvveeeeeeesieeeesccciiieeeeeeeens 9
2-3- Botanical @Xtract: .........cooiuiiiiiiiiiiiee e 9
2-3-T-GaATLIC: et 9
2-3-1-1-Scientific claasification............cceevvueiieiiniiiiiiie e, 9
2-3 L2 ettt ettt e e e e e e s 10
2-3-2- SWeet Basili..ccciiiiiiiiiiiiiee e 11
2-3-2-1-ClassIfICatION: ......eeeriiiiiiieeiiiiie et 11
2-3-2-2-Origin and diStrebuation ...........ccccceeeveeiciiiiieriiieeee e 11
2-3-2-3-Uses to control plant diS€ases: ..........ccecurvvreereeeeeiiceirinirieeeennn. 11
2-4-Mineral salt Sodium Biocarbonat(NaHCO3):........coovvvevvviiiiil. 11
2-4-1-General ProPeraties: ........cceecuvrrrereeeeeeeeieirrreeeeeeeeeesenrrreeeeeeeeens 11
2= 2 - U SES! tteeeee ettt ettt e e e e e e eeeeeas 12
CHAPTER THREE ......coiiiiiiiiie et 13
MATERISLS AND METHODS ...ttt 13
3- 1-: Location of the Study.......ccccvvviiiiieieeeiiieee e 13
3-2- Collections of infected plant material:.............cccceeeeeviiniiinniennn.... 13
3-3-Collections of botanical and chemical materiales: .......................... 13
3-4-Isolation, characterization and identification of fungus: ................. 13
3-5-Preperation of fungicide concentration:...........cccceeeeeeeenenreeenveennnn. 15



3-60-TESt PIOCEAUIE : ...vvvviiieeeeeiieiiiiiiieee e e e e e e e eeeertrreee e e e e e eeenarrrraeeeeeens 15

3-7-Expermental deSign:.........cccocuviiiiiieeieeeic e 16
3-8-Statistical analysiS: .......ccceereeciiiiiiiieeeeees e 16
CHAPTER FOUR ...ttt 17
RESULTS ettt et et e ettt e et e e et eeeeaeeesnsaee s snnneeeas 17
4-1-Characteratization and identificatio of fungus: ............ccceeevvvreeenn... 17

4-2- Effect of aqueous extracts of basil leaves and garlic blub,
NaHCO3 and fungicide on radial growth of N. mangiferae after
three days from 1nOculation. ..........ccvvvviieeeeeircciiieee e 18

4-2- Effect of aqueous extracts of basil leaves and garlic blub,
NaHCO3 and fungicide on radial growth of N. mangiferae after
four days from 1NOCUlation. ...........uvviiiiiieieeeee e 20

4-2- Effect of aqueous extracts of basil leaves and garlic blub,
NaHCO3 and fungicide on radial growth of N. mangiferae after
five days from 1nOCUlation. ............ceeeevieiieeiicieee e 22

4-2- Effect of aqueous extracts of basil leaves and garlic blub,
NaHCO3 and fungicide on radial growth of N. mangiferae after

six days from INOCUIAtION. .........uvviiiiieeeeiiiiiicieeee e e 24
CHAPTER FIVE ..ottt 29
DISCUSSION ...ttt ettt e et e e sttt e et eeeensteeesnseeessseeeanseeesens 29
CONLUTSON ...ttt ettt et e st e e e e st eeeenbeeeenbeeeenseeesnnees 32
RECOMMENDATIONS ..ottt ettt tee e e snaee e sneaeeen 32
REFERENCES ..ottt ettt ettt e et e e seaae e et eeeenenee e 34
APPENDICES ...ttt ettt et e et e e et ee e enneee e s 44

Vi



List of tables

Table 1: Effect of aqueous extracts of basil, garlic, NaHCO; and
fungicide on radial mycelial growth (inhibition zone %) of N. mangiferae

three days post INOCUIAtION. . ........uviiiiieeeeiiiiiiiee e e e

Table 2: Effect of aqueous extracts of basil, garlic, NaHCO3 and
fungicide on radial mycelial growth (inhibition zone %) of N. mangiferae

four days post TNOCUIALION. . .......ceiiiiieieiiiiiiie e

Table 3: Effect of aqueous extracts of basil, garlic, NaHCO3 and
fungicide on radial mycelial growth (inhibition zone %) of N. mangiferae

five days post INOCUIAION. .........eviiieiiiecciiiiiie e

Table 4: Effect of aqueous extracts of basil, garlic, NaHCO3 and
fungicide on radial mycelial growth (inhibition zone %) of N. mangiferae

S1X days pOSt TNOCULALION. . ....veiiiiiieiiiiiiiiiee e e e e

Vil



List of figures

Fig 1: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and
fungicide on the radial mycelial growth of N. mangiferae in third day

TEOIN INOCULATION. .. ettt ettt e et e e e e e e e e e eae e e e e aeeaeeeneeaneaens 20

Fig 2: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and
fungicide on the radial mycelial growth of N. mangiferae in 4™ day from

TNOCULATION. e eeetie ettt et et e e et e et e e e e e e e e e ae e e e e e s e s eaeaeeaeeeasenasnaeens 22

Fig 3: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and
fungicide on the radial mycelial growth of N. mangiferae in 5 day from

TNOCULATION. oueetee ettt et e e et e e e e e e e e e e e ae e e e e e s e s eeeaeeaeeeasenasnneens 24

Fig 4: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and
fungicide on the radial mycelial growth of N. mangiferae in 6™ day from

TNOCULATION. e eeetie ettt et et e e et e et e e e e e e e e e ae e e e e e s e s eaeaeeaeeeasenasnaeens 26

Vil



List of plates

Plate. 1:Typical shape of spore and conidia of fungus..........cccccceevveirrrieennnnn... 17
Plate. 2:shape of arthrospores of fungus. ..........ccccceeeeeeeeiciiiiiiiie e, 18

Plate. 3:Effect of fungicide ( Revus top) on the growth of N. mangifere
compare with untreated control in VItro..........ceeeeeeeecciiiiiiiieeeieee e 26

Plate. 4:Effect of galric balb aqueous extract on the growth of V.
mangifere compare with untreated control in Vitro..........ccccceeeeeeevecciiiieniieennnnn. 27

Plate. 5:Effect of NaHCO3 salt on the growth of N. mangifere compare
with untreated cONtrol N VILIO. ......veiieieeeeciiiiiiiee e 27

Plate. 6:Effect of basil leaves aqueous extrat on the growth of .
mangifere compare with untreated control in Vitro..........cccccceeeeeeiieciiiieeninennnnn. 28



ABSTRAC

Neofusicoccum mangiferae considered as one of most important disease
of forest and horticulture trees in worldwide and Sudan. The present
investigation was undertaken under laboratory conditions of Plant
protection Department, College of Agricultural Studies, Sudan University
of Science and Technology, to study the antifungal activity of aqueous
leaves extracts of basil, bulbs of garlic plants, NaHCO3 salt and efficacy
of fungicide (Revuse top) on growth, of the fungus Naeofusicoccum
mangiferae. Three concentrations of aqueous extract of basil and garlic
and fungicide, each of 25, 50 and 100%, NaHCO3 salt at three
concentrations 10, 20 and 40% and at were used in addition to control.
The results showed that all concentrations of the aqueous extracts of all
plants tested, NaHCO3 and fungicide exhibited significantly high
inhibitory effect against the linear growth of test fungus compared to
control. However, the effect of both fungicide and garlic extracts was
more pronounced against test fungus than the NaHCO3 and basil extract.
The highest concentration of the fungicide revues top, garlic extract,
NaHCO3 at(100%, 40%) and basil at gave significantly higher inhibition
zones percent (83.6, 83.3, 60, and 44.6%) respectively compared to the
untreated control in day six after inoculation. Among the plant extracts
tested that of garlic was invariably the most effective in suppressing the
fungus growth than its equivalent NaHCO3 and basil. Generally, the
results showed that the antifungal activity increase with increase in

extract concentration.
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CHAPTER ONE

INTRODUCTION

Neofusicoccum mangiferae (Sutton and Dyko, 1989) is a cosmopolitan
fungus of the family Botryosphaeriaceae for which asexual stage has not
been described (Elliott and Edmonds, 2004). Neofusicoccum was
originally described by Nattrass (1933) in Egypt as the main cause of die
back on deciduous trees based on cultural characteristics and reproductive
morphology of the fungus then Calavan and Wallace (1949),
Punithalingam and Waterston (1970). The name Nattrassia mangiferae
has been given by Sutton and Dyko (1989) who revised the genus

Hendersonula.

Neofusicoccum is a polymorphic fungus that has two spore stages, the
pycnidial and the arthroconidial (Scytalidiumstate) (Sutton and Dyko,
1989). Earlier names for this fungus have been Dothiorellathere
mangiferae, Exosporina fawcettii, Fusicoccum eucalypti, Hendersonula
cypria, H. agathidis, and H. toruloidea. The syanamorph is known by the
name Scytalidium dimidiatum, also Torula dimidiata, and S. lignicola.
More recently this species has been reclassified into the family

Neofusicoccum as Neofusicoccum mangiferae (Elliott and Edmonds,

2004).

The fungus Neofusicoccum is a polyphagus fungus that attacks different
types of trees. The earliest reports of plant diseases caused by M.
mangiferae were from India on mango trees in 1908 and on citruses in
California in 1923 (Sutton and Dyko, 1989). Recently, the disease was
reported on Eucalyptus spp. in Iraq (Alzarari et al., 1979), on madrone
(Arbutus mencziesii) in USA (Elliott, et al., 2002), on strawberry trees

)



(Arbutus unedo) in Europe (Tsahouridou and Thanassoulopoulos, 2000)

and on cassava in West Africa (Msikita et al. 1997).

According to FAO (2007), symptoms caused by Neofusicoccum differ
depending on the part of the plant affected. The disease is mostly
documented to cause stem and branch dieback, Cankers with external
cracks are produced on stems and branches from which oozing exudates
may be observed. Blossom blight and asymptomatic trees can produce
fruit which develop stem-end rot or soft brown rot after ripening (Ahmed,

2005).

In Sudan Neofusicoccum is an introduced disease that firstly reported by
Giha (1975) on Ficus benghalensis L. Since then, the disease has spread
all over the country, and was reported in as many as 29 different plant
species that include shade, ornamental, timber and orchard trees (Ahmed
and Yassin 1992; Nour 1996; Mohamed, 2000 and Ahmed, 2005 ).
Neofusicoccum has a wide host range, occurring on many trees in forests,
orchards, ornamental, and shade trees including Ficus spp., Acassia spp.,
baobab spp., apple spp., Citrus spp., Eucalyptus pp., Citrus spp.,
Mangifera spp. and Arbutus spp. (Giha, 1975 and Abbasher et al., 2013 ).

Based on the foregoing, Neofusicoccum is one of the most hazardous
diseases that spread widely. There is limited information or lack of
effective control measures about the disease control. Accordingly, an
effective control measures should be developed to control this devastating
disease that represent real threat to fruit, forest and ornamental trees. The
aim of this study is to explore the potential of some higher plants extracts
and systemic fungicide in suppressing the growth of this fungus in vitro

with the following objectives:-



1. To explore the potentials of crude aqueous extract of some plants
in inhibiting the growth of Neofusicoccum mangiferae.

2. To study the effect of Sodium bicarbonate solution on growth of
Neofusicoccum spp

3. To evaluate the efficacy of systemic fungicide in suppressing the

growth of the fungus Neofusicoccum mangiferae



CHAPTER TWO

LITREATURE REVIEW

2. 1. Neofusicoccum mangiferae

Nattrassia is a genus of fungi in the family Botryosphaeriaceae for which
there is a single species Nattrassia mangiferae (Sutton and Dyko, 1989).
The fungus is a cosmopolitan and polyphagus that attacks a multitude of
tree flora. More recently this species has been reclassified into the family

Neofusicoccum as Neofusicoccum mangiferae (Crous, et. al., 2006).

2.1.1 Classification:

Kingdom: Fungi

Division: Ascomycota

Class: Dothideomycetes

Order: Botryosphaeriales

Family: Botryosphaeriaceae

Genus: Neofusicoccum

Species: N. mangiferae (Sutton & Dyko 1989 ).

Neofusicoccum mangiferae is an anamorphic species of fungus in
Ascomycota. It is a plant pathogen. Originally the fungus was named
Dothiorella mangiferae by Sydow et al., (1916), it was given its current

name Neofusicoccum mangiferae by Crous et al., (2006).
2.1.2 Synonyms

Apparently, there 1is great confusion regarding the taxonomy,
classification and identification of this anamorph species as reported by

U.S. Department of Agriculture, Agricultural Research Service
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Systematic Mycology and Microbiology Laboratory - Nomenclature Fact
Sheets, March 9, 2015.

o Torula dimidiate Penz (1887)

e Dothiorella mangiferae Syd. & Syd, P. (1916)

o Fusicoccum eucalypti Sousa da Camara, (1929)

o Hendersonula toruloidea Nattrass (1933)

o Hendersonula cypria Nattrass (1937)

e [Exosporina fawcettii Wilson, E.E. [as 'fawcetti'] (1947)

e Hendersonula agathidis Young, H. E. [as 'agathi'], (1948)
o Scytalidium lignicola Pesante [as 'lignicolum'] (1957)

e Nattrassia mangiferae (Syd. & P. Syd.) Sutton & Dyko (1989)
o Scytalidium dimidiatum (Penz.) Sutton, B. & Dyko (1989)
o Fusicoccum dimidiatum (Penz.) Farr, D. F. (2005)

2.1.3 Biology:

The fungus is able to grow on temperatures ranging from 20-40°C with
an optimum between 30-35°C. Mycelia growth was best at pH 6. The
best medium for mycelial growth was potato dextrose agar (PDA).
Maximum conidial germination occurred at relative humidity higher than
90%. It was also reported that systemic fungicide Benomyl (Benlate) was
less effective than the non-systemic fungicides: Mancozeb (Dithane M45)
and Maneb (Man¢be 80) (Calavan, and wallace 1954; Nori, 1972; Giha,
1975; Davison, 1996 and Elshikh ,2004).

On PDA N. mangiferae grows readily and formed whitish mat which
within 2-3 days turned to blackish in colour. The arthrospores were
spherical to cylindrical in shape ( Nori, 1996). Pynospores were biseptate
with terminal cells hyaline to subhyline and the middle cell light to dark
brown (Calavan and Wallace, 1954). The colony is effuse and dark

o



blackish brown to black. Hyphae were mid to dark brown and septated.
Arthrocondia was mid to dark brown, smooth mostly aspected but
occasionally with one or more very dark transverse septa (Ellis, 1971 and

Mohammed et al., 2009).

2.1.4 Life cycle:

The fungus has a very simple life cycle. The small conidia are produced
in black powdery masses under bark, and are easily wind disseminated.
These spores which arise from segment hyphae are carried to damage
bark tissue where they germinate and initiate infection. Most active
fungal growth occurs during summer where the temperature is very high
and the trees are prone to infection under drought condition (Giha, 1975).
The mycelium grows into living tissues infecting sap wood which
become stained grey to black in colour. Research in California simulated
sunburn damage on bark of walnut trees with use of a blowtorch to

induce infection (Olsen, 1998).

2.1.5 Epidemiology:
Elliot and Edmonds (2003) demonstrated that N. mangiferae attacked

drought-stressed trees. They also indicted that the fungus is primarily
wound—invading. According to Mirzaee et al., (2002) this fungus attack
trees growing in high humidity or high temperature where the
temperature are not as extreme but high humidity is common and disease
is not as prevailing in Claremont, Whittier and other more inland

localities.

2.1.6 Distribution and Host Range in Sudan:
The fungus was found on Citrus spp. And other fruit such as mangoes

and date palm in River Nile and northern states (Giha, 1975; Elshikh,
2004; and Mohammed Elamein et al., 2009) .



It was also observed on shade and ornamental trees like Ficus spp, neem,
rain tree (Samania saman) in Khartoum state and Wed Medani Town in
Elgezira State (Giha, 1975, Giha 1996; Nori, 1996, Elatta and Nori,
1999). The host range fungus also included to forest trees such as Acacia
Senegal, Eucalypus camaldulensis and Khaya senegalensis ( Nori, 1996;
El Atta & Nori, 1999, Elshafie & Ali, 2005).

2.1.7 Symptom:

The characteristic symptom of N. mangifere on the host plant is bark
cracking and, peeling off beneath the sooty layer are seen. (Giha, 1975,
Nori, 1996; Mohukker and Yassin , 2001; Elshikh, 2004 and Mohammed
Elamein et al., 2009).

Initially N. mangiferae causes leaf chlorosis, necrosis, blight defoliation
and die back (Nori, 1996). Brown rot was observed on white yam tuber
(Sangoyomi, et al., 2002) and mango fruit (Lonsdale, 1996). It causes
fruit rot in banana and sweet orange (Giha, 1996). However, N.
mangiferae 1s considered as a facultative parasite that often grows on
dead branches or wound parasite (Paxon et al., 1964; Giha, 1975; Roux,
1993 and Polizzi et al., 2009).

2.1.8 Effect on the Human:

The fungus N. mangiferae was defined previously as Hendersonula
toruloidea which cause onychomycosis (nail infection) and superficial
skin infection especially in tropical region. Scytilidium dimidiatum is

synanamorph (Medical dictionary, 2009).

The fungus has been also implicated in case of eye infection
(endophthamistis) in a healthy 34 year old man, resident in Spain. The
infection was due to corneal penetrating Trauma in the left eye with a

vegetal foreign body (wooden mallet) (Blazquez et al., 2000).
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The infection was also observed on a 60-year old immunocompetent
patient, due to injury by a piece of grass in Zimbabwe (Gumbo et al.,
2002). It was also reported the case of backbone discs infection (Spondy
lodiscitis) and granular skin lesions due to N. mangiferae in a 62 year old

male of Turkish origin had been living in Austria (Willinger et al., 2004).
2.2 Control Measures:
2.2.1. Chemical Control:

Themis et al., (2005) mentioned the effective fungicides against N.
mangiferae that infects limb dieback of figs in California such as
Tebuconazole, Propiconazole. Elshikh (2004) demonstrated that Tilt

completely inhibited N. mangiferae in vitro at 200 ppm and 100 ppm.
2.2.2. Cultural practices:

In Arizona State (2007), it was recommended for control of sooty canker

disease in citrus to apply the following methods:

1-Preventing sunburn of the bark is usually accomplished by avoided

over-pruning of trees.

2-Good pruning practices, it is observed that the correct pruning should

be employed to conserve branch collar trees e.g. Ficus spp. and others.
3-Good sanitation by removing all infested materials

4-Maintenance of vigor with proper fertilizer and watering, (Calavan and
Wallace, 1949) found that the blight on marsh grapefruit was more severe
on weak trees than healthy ones. Downer (2008) recommended removal

and replacement of the dead trees of Ficus nitida in California.
2.2.3. Bio-control:

It was reported that Trichoderma viride had inhibitory effect on radial
growth of N. mangiferae in vitro (Nori, 1996; El-shikh, 2004 and
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Mohammed Elamien, et al, 2009). On the other hand, Taheri et al.,
(2005) mentioned that no antagonistic mechanism 1i.e. coiling,
vacuolization and lyses occurred but when they added the volatile
metabolism of Trichoderma spp It did not inhibit growth of N.
mangiferae. Bioactivity of soil-borne Streptomyces sp. against N.

mangiferae had shown antifungal properties (Sadeghy and Hatami,
2013).

2.2.4. Resistance of N. mangiferae
Resistance plant to the fungus infections are due to:
1-The callus tissues formation ( Elliot & Edmond, 2008).

2-Phenolic and related compounds (Prabha and Choudhary1998,; Zine El
Aabidine et al., 2010; and Hassan et al., 2011).

3-Alkaloids compounds (Rakoto-Ratsimanga et al., 1997).
4-Cuticle thickness (Curtis, 1928).

2.3 Botanical extract:

2.3.1Garlic (Allium sativum)

2.3.1.1 Scientific classification

Kingdom: Plantae

Clade: Angiosperms
Clade: Monocots
Order: Asparagales
Family: Amaryllidaceae

Subfamily: Allioideae



Genus: Allium
Species: A. sativum

Binomial name

Allium sativum (NGRP,2006 ).

The crop which is commonly known as garlic is a species in the onion
genus, Allium of the family Alliaceae. Its close relatives include the
onion, shallot, leek, chive (Block, 2010) With a history of human use of
over 7,000 years, garlic is native to central Asia, and has long been a
staple in the Mediterranean region, as well as a frequent seasoning in
Asia, Africa, and Europe. It was known to Ancient Egyptians, and has

been used for both culinary and medicinal purposes.
3.2.1.3 Uses:

Garlic is central to the cuisines of Mexico, the Caribbean, South America,
the Middle East, India and China and can impart flavor to many different
type of dishes. Economically, garlic is used in commercial food flavoring
(Wiersema et al., 1999). Garlic is also used in folk medicine including
treatment of bronchitis and respiratory problems, gastrointestinal
problems, flatulence, leprosy, menstrual cramps, high blood pressure,
diabetes and externally for warts, corns, arthritis, muscle pain, neuralgia
and sciatica (Grieve and Mrs.M., 1971; Simon et al., 1984; Heinerman
and John, 1995 and PFAF, 2002). Sangoyomi (2004) reported that
aqueous extract of garlic effectively inhibited mycelia growth, conidia,
pycnidia and sclerotial production of Butryodiplodia theobromae,
Aspergillus  niger, Sclerotium rolfsii , Rhizoctonia solani and

Neofusicoccum mangiferae fungal pathogen in yam storage.



2.3.2 Sweet basil (Ocimum basilicum L.)
2.3.2.1Classification:
Kingdom: Plantae

Unranked: Asterids

Order: Lamiales

Family: Lamiaceae

Genus. Ocimum

Species: O. basilicum.

Sweet basil (Wikipedia 2015)

2.3.2.2 Origin and Distribution

Basil is native to areas in Asia and Africa and grows wild as a perennial
on some pacific islands). The crop was brought from India to Europe
through the Middle East in the sixteenth century, and subsequently to

America in the seventeenth century (Muenscher et al., 1987).

2.3.2.5 Uses to Control plant disease:-

Muntasir (2014) who investigated the antifungal effect of aqueous extract
of ryhan (Ociumum basilicum) on growth of N. mangifera the cause of
sooty canker in date palm reported significant inhibition of fungal

mycelia growth.

2.4 Mineral Salt, Sodium Bicarbonate (NaHCo;)
2.4.1 General properties

This salt has Molecular mass of 84,007 g/mol and CAS Number: 144-55-
8. It is also known as aerated salt, widely used in 19" century for both

sodium and potassium bicarbonate. The salt (NaHCos) i1s mainly prepared
1)



by the Solvay process, which entails the reaction of sodium chloride,

ammonia, and carbon dioxide in water.

CO2+2NaOH—Na2CO3+H20
Na2CO3+CO+H20—2NaHCO3

2.4.2 Uses:

It is used as a fabric softener in laundry. Sodium bicarbonate is used also
as BC dry chemical fire extinguishers and as an alternative to the
corrosive ammonium phosphate in extinguishers. The alkali nature of
sodium bicarbonate makes the agent forms a crust over the surface
similar to the effect of wet cosmetic. It is also used as a cleaning agent
and as absorbent for moisture and odor. In the insect’s pest control, the
product is used repeatedly to kill fleas, ants, and other insect pest (GUN,
2007). In diseases control (sodium bicarbonate, (NaHCO3) and potassium
bicarbonate (KHCO3) have been of considerable interest in the use of
baking soda for controlling various plant fungal diseases (Karabulut et
al., 2003 and Smilanick et al., 2006). In study by Prasannath and
Mahendran (2013), the results revealed that potassium or sodium
bicarbonate showed high inhibitory effect on the mycelia growth of 4.
solani, where complete inhibition was obtained with potassium or sodium

bicarbonate.



CHAPTER THREE

MATERIALS AND METHODS

3.1. Location of the study

This study was conducted under laboratory conditions at Plant pathology
Department, College of Agricultural Studies ‘“Shambat”, Sudan
University of Science and Technology within the period of September to
December 2014, it was intended to investigate the effect of aqueous
extracts of some higher plants, Sodium bicarbonate and efficacy of

fungicide (Revuse top® ), against Neofusicoccum mangiferae.
3.2. Collections of infected plant material

Random samples were collected from bark and leave of infected mango
trees (Mangiferae indicia) showing typical symptoms of canker on stem
and necrosis of leaves at the college farm at Shambat area. Collected
samples were kept in plastic bags and brought to laboratory for further

isolation and identification of the fungus Neofusicoccum.

3.3. Collection of botanical and chemicals materials

Basil leaves were collected from Shambat area and brought to the
laboratory where they were shade dried. After complete drying, plant
samples were crushed separately to obtain fine powder for extraction. The
Garlic sample was collected from local market. Sodium bicarbonate
(NaHCos) was brought from soil laboratory and the fungicide was
obtained from Professor Mohamed Osman laboratory, Khartoum

University.

3.4. Isolation, characterization and identification of Neofusicoccum

mangiferae



Previously collected samples of infected stem bark and mango leaves
showing typical symptoms of the disease were cut into small part
approximately 0.5 to 1.0 cm, washed thoroughly with the tap water,
surface sterilized with Clorox (NaOCI) (1% concentration) for 1 minute,
rinsed three times in sterilized distilled water and dried on sterilized filter
paper. The sterilized stem and leaves sections were then plated at the rate
of 6 sections per plate on sterilized Petri-dishes containing potato
dextrose agar medium (PDA). The inoculated Petri dishes were incubated
at 25°C for 7 days. Growing fungus was further sub-cultured on PDA
medium for further purification of the fungus. Purified growing fungus
was examined under compound microscopic based on the method of
(Giha, 1975 and Nori, 1996) to confirm that the fungus is Neofusicoccum

mangiferae.

Fungus identification by growth habit character and spores using
microscopic examination to confirm that the fungus is Neofusicoccum
mangiferae was supplemented by other identification aids such as Sutton
and Dyko (1989), Giha(1996) and Abbasher et al., (2013). Standard
books and research papers were also consulted during the examination of
this fungus (Elliott, and Edmonds, 2004). The purified isolates were

maintained on PDA medium for further studies.

Aqueous extracts of each of the plant materials were prepared as
recommended by Okigbo (2006). The obtained fine powder form basil
and grinded garlic bulb plant was weighed (25, 50 and 100 gm) and
placed in 100,ml conical flask each and completed to 75, 50 and 100 ml
sterilized distilled water respectively to obtain the three concentrations
and it was placed in a shaker for 4 hrs. The extracts were filtered
overnight to obtain 25, %(L, Lowest) 50%(M, middle) and 100%
concentrations(H highest). The granules of NaHCo; was weighted (10, 20

¢



and 40 gm.) and dissolved in 90, 80 and 60 ml sterilized distilled water
respectively in 100 ml conical flask each and completed to 100 ml

sterilized distilled water to obtain the three concentrations of the salt,

10%(L, lowest), 20% (M, middle )and 40%(H, highest).
3.6. Preparation of fungicide concentrations:

The recommended dose of the commercial product, 2ml/l which represent
100% as higher dose) and two lower other concentrations {50% middle
and 25% lower dose) were used. Accordingly, two ml of the Revus top
fungicide was dissolved in one litter of sterilized distilled water to obtain
highest (H) concentration 100% and it was diluted to give the middle (M)
50% and lower 25% (L).

3.7. Test procedure

Reduction zone technique was used in this study (Rao and Srivastava,
1994) to evaluate the effect of each concentration on linear fungal
growth. Initially, fresh fungal growth was prepared from previously
maintained culture of Neofusicoccum. Prepared PDA media was
amended with the required concentration from garlic, basil, NaHCO; and
fungicide revues before being solidified in a conical flask of 100 ml,
agitated and poured into sterilized glass Petri dishes. Three plates,
containing 30 ml of PDA, were assigned for each concentration and left

to solidify. The other three plates with PDA medium served as control.

One mycelial disc of the fungus was placed in the centre of PDA plates
where opposite poles were marked at the back of the plate and incubated
at 25°C in incubator and radial growth of pathogen was measured at 24 h

intervals.



The Petri dishes of each concentration were arranged in a complete block
design in incubator and incubated at 25 C° for 5 days. The colony
diameter measure after 7 day as mean growth along two axes on two pre-
drawn perpendicular line on the reveres side of the plate. The growth of
the fungus was measured and calculated successively after 3, 4 and 5
days after inoculation. The effect of each extract concentration on linear
fungal growth was calculated as percentage of inhibition in diameter of

fungal growth according to Awuah( 1989): -

MP = MI1-M2x 100
Ml

Where MP = Percentage inhibition of mycelial growth, M1= Mycelial
growth in control petri dish without extract/fungicide , M2= Mycelial
growth in extract/fungicide petri dish.

3.8. Experimental design.

The plates were arranged in a Complete Randomized Block Design with

three replications.
3.9. Statistical analyses

The obtained data was statistically analyzed by computer software
MSTATC according to analysis of variance (ANOVA); Duncan's

Multiple Range Test was used for mean separation.



CHAPTER FOUR

RESULTS

This study which was conducted under laboratory condition of plant
pathology, College of Agricultural Studies, Sudan University of science
and Technology during the period September to December 2014 to
investigate the inhibitory effect of basil leaves and garlic blub aqueous
extracts, NaHCo; salt and fungicide revues top efficacy against the

fungus Neofusicoccum mangiferae.
4.1 characterization and identification of the fungus

Neofusicoccum mangiferae as described by Giha (1996); (Sutton and
Dyko, 1989) and Abbasher et al., (2013).

Plate (1) presents typical shape of spore and conidia of the fungus under the

microscope



Plate (2) shape of Arthrospores

4.2. Effect of aqueous extracts of basil leaves, garlic blub, NaHCo;
and fungicide on radial mycelial growth of Neofusicoccum

mangiferae three days post inoculation

The results (Table 1 and Figure 1) showed that almost all plant aqueous
extracts, salt and fungicide had negative effects on the fungal growth after
three days from inoculation. Moreover, the garlic extract at 100%
concentration completely inhibited the growth of the fungus. In fact,
among plant extracts, garlic at the three concentrations (25, 50, and
100%) demonstrated the highest inhibition of mycelial growth (57, 70.3
and 100%) followed in descending order by fungicide (92, 85 and 75%),
basil (40, 58,3 and 82% ) and NaHCOs in (10, 20 and 40) are (35, 49 and
70.3%) respectively (Table, 1). However, the suppressing effect of

fungicide was more pronounced at all concentrations tested.



Table 1: Effect of different concentrations of aqueous extracts of

basil, garlic, NaHCO; and fungicide on radial mycelial growth of

Neofusicoccum mangiferae three days post inoculation.

Treatments Inhibition Zone (%)

Concentrations Rl R2 R3 Mean
25 21(4.6)  45(6.7) 54(7.3) 40.0(6.2)™

Basil 50  87.3(9.3) 40(6.3) 46(6.8) 58.3(7.4)%"
100 71(8.4)  82(9.0) 93(9.6) 82.0(9.0)™°
25 60(7.7) 54(7.3) 57(7.5) 57.0(7.5)%

Garlic 50  64(8.0)  67(8.2) 80(8.9) 70.3(8.1)
100 100 (10.0) 100 (10.0)  100(10.0)  100.0(10)*
10 25(5.0) 47(6.8) 33 (5.7) 35.0(5.8)¢

NaHCo3 20 39(6.2)  59(7.7) 49 (7.0) 49.0(6.9)°"
40  63(7.9) 71 (8.4) 77 (8.8) 70.3(8.1)
25  61(7.8) 77(8.4) 87 (9.3) 75.0(8.5)™¢

Fungicide 50 80(8.9)  87(9.3) 88 (9.4) 85.0(9.2)™°
100 92(9.6)  91(9.5) 94 (9.7) 92.0(9.6)™

Control 0.00 (0.7) 0.00(0.7)  0.00(0.7)  00.000.7)"

SE+ 0.39

C.V. (%) 10

LSD 1.259

Any two mean value (s) bearing different superscripts (s) are differing

significantly at (p<0-0.5). Data in the parentheses transformed using

square root transformationVx + 0.5 before analysis.
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Fig. 1: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and fungicide
on the radial mycelial growth of Neofusicoccum mangiferae third day post
inoculation.

4.3. Effect of different concentrations of aqueous extracts of basil
leaves, garlic blub, NaHCo3 and fungicide on radial mycelial growth
of Neofusicoccum mangiferae four day post inoculation

In day four after inoculation, all plant extracts concentrations as well as
that of (NaHCOs3, salt and fungicide continued exhibiting inhibitory
effects against the fungal growth (Table, 2 and fig. 3). The percentages

fungal growth inhibition was significantly high compared to the control.

Moreover, the highest concentration (100%) of the plant extracts,
fungicide, and salt (NaHCO3) gave significantly higher inhibition zones
percent against test fungus in all treatments (92.6, 85.6, 50.2 and 45.5%)

respectively compared to the untreated control.

Furthermore, among plant extracts Garlic extract at all concentrations
tested continued to be the most suppressive, followed in descending order
by Basil and NaHCO; Salt whereas the fungicide at all concentrations

maintained its superior suppressive effect (Table, 2).
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Generally, the results showed that the antifungal activity of treatments

increase with concentration. However, generally all treatments at all

concentrations expressed an inhibitory effect less than the third day.

Table 2: Effect of different concentrations of aqueous extracts of
basil, garlic, NaHCOQO; solution and fungicide on the linear mycelial
growth of Neofusicoccum mangiferae four days post inoculation.

Treatments Inhibition zone (%)

Concentrations % R1 R2 R3 Mean
25 17.6(4.2) 27.9(5.3) 14.7(3.8) 20.0 (4.4)

Basil 50 23(4.5)  50(7.1)  49(7.0)  40.6(6.3)’
100 53(7.3)  45.5(6.7)  38(6.2)  45.5(6.7)
25 50(7.1) 50(7.1) 47(6.8) 49 (7.0)%

Garlic 50 55(7.4) 55(7.4) 66(8.1) 58 (7.6)™
100 100 (10.0) 83 (9.1) 95(9.7)  92.6 (9.6)
10 29(5.4)  53(7.3) 8.6(3.0)  30.(5.2)F

NaHCo3 20 19(4.4)  22(4.7) 64 (8.0)  35.(5.7)F
40 64 (8.0) 65 (8.0) 72%(8.5) 67 (8.1)™
25 76 (8.7) 76 (8.7) 81(9.0)  77.(8.8)®

Fungicide 50 77.0 (8.8) 83 (9.1) 82(9.0)  80.(8.8)®
100 87.0 (9.3) 86 (9.3) 84(9.1)  85.6(9.2)°

Control 0.00 (0.7) 0.00(.7)  0.00(.7) 0.00

SE+ 0.40

C.V. (%) 13.9

LSD 1.598

Any two mean value (s) bearing different superscripts (s) are differing

significantly (p<0-0.5). Data in parentheses transformed using square

root transformation™ X+ l:"""') before analysis.
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Fig. 2: Effect of aqueous crude extracts of Basil, Garlic, NaHCO3 and fungicide
on the radial mycelial growth of Neofusicoccum mangiferae four days post
inoculation.

4.4. Effect of different concentrations of aqueous extracts of basil,
garlic, NaHCOj; solution and fungicide on the radial mycelial growth

of Neofusicoccum mangiferae five day post inoculation.

In day five after inoculation (Table, 3 and fig. 4), treatments of Garlic,
basil, NaHCO; and fungicide at all concentrations invariably continued
exhibiting significant inhibitory effects against the fungal growth (87, 55
and 51,6%),( 85.6 ,78.6 and 77.6%) ,(63.3, 37.6 and 33%) and (48.3, 22.3
and 19%) respectively. However, the inhibitory effects of NaHCO; and
Garlic were more pronounced than that of basil which showed decreasing
inhibitory effect against test fungus compared to day three and four
(Table, 1 and 2). Moreover, the screened concentrations of all treatments
differ in their reactions to test fungus. Likewise the test organism

responded differently to the different concentrations of treatments.
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Table, 3: Effects of different concentrations of aqueous extracts of

garlic, basil, NaHCO3 and fungicide on the radial mycelial growth of

Neofusicoccum mangiferae five days post inoculation.

Treatments Inhibition zone (%)

Concentration RI R2 R3 Mean
25 17(4.3) 27(5.2) 13(3.6) 19.0 (4.2)°

Basil 50 18(4.3) 16(4.0) 33(5.7) 22.3 (4.6)
10 36 (6.0) 48 (6.9) 61 (7.8) 48.3 (6.9)™
25  47(6.8) 57(7.5) 51(7.1)  51.6 (7.1)“

Garlic 50 52(7.2) 52(7.2) 61(7.8) 55.0 (7.4)°
10 96 (9.8) 74 (8.6) 91 (9.5) 87.0 (9.3)"
N
10 29 (5.4) 20 (4.9) 50 (7.1) 33.0 (5.8)

NaHCo3 20 30 (5.5) 61 (7.8) 22 (4.7) 37.6 (6.0)°
40 61 (7.8) 61 (7.8) 68(8.2) 63.3 (7.9)™
25 78 (8.8) 75 (8.6) 80 (8.9)  77.6 (8.7)™

50 74 (8.6) 82 (9.0) 80 (8.9) 78.6(8.8)"
10 86 (9.3) 86 (9.3) 85(9.2) 85.6(9.2)"

N

Fungicide

Control 0(.7) 0(.7) 0(.7) 0(0.7)¢
SE+ 0.39
C.V. (%) 10.9
LSD 4231

Any two mean value (s) bearing different superscripts (s) are differing
significantly (p<0-0.5).

¢ Data in parentheses transformed using square root transformation

VX + l:"""') before analysis.
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Fig. 3: Effect of different concentrations of aqueous crude extracts of Basil,
Garlic, NaHCO3 and fungicide on the radial mycelial growth of Neofusicoccum
mangiferae five day post inoculation.

4.5. Effects of different concentrations of aqueous extracts of garlic,
basil, NaHCO; and fungicide on the radial mycelial growth of

Neofusicoccum mangiferae after six days from inoculation.

Generally, it could be seen from the results (Table, 4 and Fig 4) that after
six days from inoculation, extracts of the two plants (Garlic and Basil)
expressed continued bioactivity at all concentrations. Meanwhile,
NaHCos; and fungicide at all concentration suppressed the fungal growth
at variable levels. In fact, the effects induced by all treatments are

significantly high compared to control (Table, 4).

Moreover, among all treatments Garlic extract and fungicide at all
concentrations tested (25, 50 and 100%) exhibited consistently the
highest inhibitory effect throughout the days of recording (Table, 1, 2, 3
and 4) than the other equivalents. However, the inhibitory effect of basil
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plant extracts reduced with time of recording. Obviously, in all tested

products, growth inhibition increased with the concentration

Table, 4: Effects of different concentrations of aqueous extracts of

garlic, basil, NaHCOj; and fungicide on the radial mycelial growth of

Neofusicoccum  mangiferae six days post inoculation.
treatments Inhibition zone (%)
R1 R2 R3 Mean

Concentrations %

25% 28(5.3)  25(5.0) 26(5.1)  263(5.1)

Basil 50 28(5.3) 48(6.9) 25(5.0)  33.6(5.7)*
100 35(5.9) 44 (6.6) 55(7.4)  44.6(6.6)°
25 44(6.6)  45(6.7) 50 (7.1)  46.3(6.8)°
Garlic 50 48(6.9) 64 (8.03) 50 (7.1) 54(7.3)°

100 87(9.3) 71 (8.4) 92(9.6)  83.3(9.1)°

10 21(4.6) 20 (4.5) 48 (6.8)  29.6(5.3)7
NaHCo3 20 27(52)  42(6.5) 24 (8.0)  31(6.3)"
40 57(7.5)  59(7.7) 64 (8.0) 60(7.7)*

25 80 (8.9) 69 (8.3) 76 (9.7) 75(8.9)

Fungicide 50 70(9.3) 78 (8.8) 79 (8.9) 75.6(9.0)®
100 81 85(9.2) 85(9.2) 83.6(9.1)"

Control 0(7) 0(.7) 0(.7) 0(0.7)®

SE+ 0.37

C.V. (%) 10.6

LSD €Yo

Any two mean value (s) bearing different superscripts (s) are differing
significantly (p<0-0.5).

¢ Data in parentheses transformed using square root transformation (

vX + D'E) before analysis.
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Fig. 4: Effect of different concentrations of aqueous crude extracts of Basil,
Garlic, NaHCOj; and fungicide on the radial mycelial growth of Neofusicoccum
mangiferae six days post inoculation.

Plate (3) Effect of fungicide revus top on the growth of Neofusicoccum
mangiferae invitro. (a) Control untreated, (b) concentration (100%h) (c)
concentration (50%m) (d) contraction(25%1L).



C

Plate (4) Effect of aqueous extract of garlic on the growth of Neofusicoccum
mangiferae invitro. (a) Control untreated, (b) concentration 100% (c)
concentration 50% (d) contraction 25%.

C

Plate (5) Effect of sodium bicarbonate solution on the growth of Neofusicoccum
mangiferae invitro. (a) Control untreated, (b) concentration 40% (c)
concentration 20% (d) contraction 10%.
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plate (6) Effect of aqueous extract of basil on the growth of Neofusicoccum
mangiferae invitro. (a) Control untreated, (b) concentration 100% (c)
concentration 50% (d) contraction 25%.



CHAPTER FIVE
DISCUSSION

Neofusicoccum is a cosmopolitan and polyphagus genus of fungi that
attacks a multitude of fruits and forest trees (Crous, et. al., 2006). The
damage caused by the fungus Neofusicoccum mangiferae differ
depending on the part of the plant affected. In Sudan the disease has
spread all over the country, and was reported in as many as 29 different
plant species that include shade, ornamental, timber and orchard trees
(Ahmed and Yassin 1992; Nouri 1996; Mohamed, 2000; Ahmed, 2005
and Abbasher ef al., 2013 ). Limited success in controlling this disease
which poses a threat to a wide range of fruit, ornamental and forest trees
emphasizes the need and importance of developing an alternative and
effective control measures. This study was conducted under laboratory
condition of plant pathology, College of Agricultural Studies, Sudan
University of science and Technology during the period from September
to December 2014 to investigate the effect of basil leaves and garlic blub
aqueous extracts and the NaHCos salt and fungicide revues top efficacy

against the fungus Neofusicoccum mangiferae.

A number of control strategies were presented to combat this disease
(Karabulut ef al., 2003; Sangoyomi, 2004; Themis et al., 2005; Smilanick
et al., 2006; Mohammed et al., 2009 and Muntasir, 2014). Historically,
numerous phytochemicals have been isolated from different plants which
are now being prescribed by medical practitioners all around the world
(Newman, et al, 2000). 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
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produced by higher plants (Siddig, 1993). Pest control strategies,
therefore, need to proper regulation in the interest of human health and
environment. In recent years there has been considerable pressure on
consumers to reduce or eliminate chemical fungicide in the food .there is
increased the public awareness over the level of pesticide residue in
food. This concern to encouraged researchers to look for alternative

solutions to synthetic pesticides (Sharma and Meshram, 2006)

The results of this study (Tables 1-4 and Figures 3-6) revealed that the
Garlic and basil aqueous extracts consistently throughout the course of
the experiment exhibited an inhibitory effect on mycelial radial growth of
the fungus with significantly higher inhibition zones percent compared to
control. Similar studies which explored the effect of extracts of many
higher plants have been reported to exhibit antifungal properties under
laboratory condition. In fact, this finding is in agreement with Muntasir
(2014) who tested the bioactivity of basil extract to control N.
mangiferae the cause of sooty canker in date palm. Similar results of
Garlic antifungal properties demonstrated by this study were also
reported by Sangoyomi (2004) who proved that aqueous extract of garlic
effectively inhibited mycelia growth, conidia, pycnidia and sclerotial
production of Butryodiplodia  theobromae,  Aspergillus niger,
Sclerotiumrolfsii, Rhizoctonia solani, and Neofusicoccum mangifera,
fungal pathogens of yam in storage. These results also confirm the
findings of Islam et al., (2001) who reported the control of
Colletotrichum spp. and M. phaseolina in jute using garlic extract at
rational 1:2. The result suggests common white garlic extracts a suitable
biofungicide against cowpea fungal pathogens. It also explains the inter-

specific biodiversity among the garlic spp.



As demonstrated by many researchers there is a considerable interest in
the use of sodium bicarbonate (NaHCO3) for controlling various fungal
diseases in plants (Karabulut ez al., 2003 and Smilanick et al., 2006). As
well known Bicarbonates are widely used in the food industry and were
found to suppress several fungal diseases of cucumber plants. Spraying
plants with NaHCO3 solution has provided good control of several plant
diseases as Colletotrichum musae ( De Costa et al., 2012) and inhibit the
colony growth of Botrytis cinerea in vitro (Palmer 1997).

The data presented in this study showed that the use of NaHCO3 solution
in vitro expressed an inhibitory effect against the mycelial growth of
Neofusicoccum mangiferae and the percentage zone of inhibition was
significantly higher than the control. The obtained results were in line
with that of Prasannath and Mahendran (2013) who test the effect of
NaHCO3 on the mycelial growth of Alternaria solani that cause early
blight of disease in tomato in vitro. Similar results where NaHCO3 was
used against fungal diseases were reported by (Abd-Elkareem et al.,
2012) who investigate the effect of NaHCO3 on late blight in potato
under filed condition where the treatment significantly reduced the
disease incidence.

Generally, uses of synthetic fungicides considerably reduce the impact of
this disease. In this study the fungicide Revues top® consistently
inhibited the radial mycelial growth of N. mangiferae and its suppressing
effect was more pronounced at all concentrations tested throughout the
time of the investigation. These results confirm that which reported by
Themis et al., (2005) who indicated the effectiveness of fungicides
against N. mangiferae that infects limb dieback of figs in California.
Elshikh (2004) as well demonstrated that the fungicide Tilt completely
inhibited N. mangiferae in vitro at 200 ppm and 100 ppm.
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CONCLUSION

e The isolated fungus from Mango tree showing typical symptoms of
branch wilt, and leaves necrosis presents typical shape of spore and
conidia of the fungus is Neofusicoccum mangiferae as described
by Giha (1996); (Sutton and Dyko, 1989) and Abbasher et al,
(2013).

e The crude aqueous extracts of Garlic and Basil as well as that of
(NaHCOs3y salt and fungicide Revuse top at all concentrations
exhibiting inhibitory effects against the radial mycelial growth of
the test fungus. The percentages zone of inhibition was

significantly high compared to the control.

e Among all treatments Garlic extract and fungicide at all
concentrations tested (25, 50 and 100%) exhibited consistently the
highest inhibitory effect throughout the test period than the other

equivalents.

e The screened concentrations of all treatments differ in their
reactions to test fungus. Likewise the test organism responded

differently to the different concentrations of extracts

RECOMMENDATIONS

Based on the foregoing results the following studies are recommended:

e To further investigate the antimicrobial properties in a group of
medicinal plants and sodium bicarbonate solution against targets

organism to determine their potentials as pesticides,
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e To study different components of bicarbonates using different
solvents so as to determine the efficacy of these components in

controlling plant diseases.

e Further research may be needed to look into on-field trial of the
garlic spp. before embarking on large scale production of the active
constituents as biopesticide.

e The variability in response which expressed by test organism
towards the different concentrations of treatments could be
investigated to adjust an optimum dose for controlling

Neofusicoccum mangiferae.
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APPENDIXES
Appendix 1: ANOVA
a) Variable 3 (inhibition in third day after inoculum)
Degrees of Sum of Mean

Freedom  Squares Square F-value Prob.

Between 12 206.712 17.226 30.579 0.0000
Within 26 14.647 0.563

Total 38 221.359

Coefficient of Variation = 10.01%

b) Variable 4 (inhibition after fourth day after inoculum)

Degrees of Sum of Mean

Freedom  Squares Square F-value Prob.
Between 12 215.361 17.947 19.800 0.0000
Within 26 23.567 0.906

Total 38 238.928

Coefficient of Variation = 13.99%

124



¢) Variable 5 (inhibition after fifth day after inoculums)
Degrees of Sum of Mean

Freedom  Squares Square F-value Prob.

Between 12 214.808 17.901 33.339 0.0000
Within 26 13.960 0.537
Total 38 228.768

Coefficient of Variation = 10.95%.

d)Variable 6 (inhibition after sixth day after inoculums)
Degrees of Sum of Mean

Freedom  Squares Square F-value Prob.

Between 12 194.630 16.219 31.345 0.0000
Within 26 13.453 0.517
Total 38 208.084

Coefficient of Variation = 10.61%.

Appendix 4:

a (Reduction of growth by cm in 3th day after inoculation):

Treatments Growth diameter by (cm)

Concentrations % R1 R2 R3

¢o



25 1.4 975 .8
Basil 50 225 1.7 .95
100 S .8 1
25 .625 S 35
Garlic 50 7 .8 175
100 0 0 0
10 1.325 925 1.1
NaHCo3 20 1.075 725 .9
40 .65 S 4
25 .675 ) 225
Fungicide 50 35 225 2
100 125 A5 N
Control 1.775 1.775 1.775

b (Reduction of growth by cm in 4th day after inoculation):

Treatments Growth diameter by (cm)
Concentrations % R1 R2 R3
25 2.15 1.885 2.225
Basil 50 2 1.3 1.325
100 1.2 1.4 1.6
25 1.115 1.115 125
Garlic 50 13 13 1.375
100 0 425 875
10 1.825 1.2 2.375
NaHCo3 20 2.1 2.025 1.575
40 925 .9 725
25 .6 .6 475
Fungicide 50 575 425 45
100 325 35 4
Control 2.6 2.6 2.6

A



¢ (Reduction of growth by cm in Sth day after inoculation):

Treatments

Growth diameter by (cm)
Concentrations % R1 R2 R3
25 2.8 2.45 2.925
Basil 50 2.775 2.85 2.25
100 2.15 1.75 1.325
25 1.8 1.45 1.65
Garlic 50 1.625 1.625 1.3
100 125 875 275
10 2.4 2.7 1.7
NaHCo3 20 2.375 1.35 2.625
40 1.325 1.3 1.075
25 725 .85 675
Fungicide 50 .875 .6 .65
100 475 45 .5
Control 34 34 3.4

d(Reduction of growth by cm in 6th day after inoculation):

Treatments

Growth diameter by (cm)

Concentrations % R1 R2 R3

25 2.725 2.925 2.85
Basil 50 2.775 2 2.925

100 2.525 2.15 1.75

25 2.175 2.125 1.925
Garlic 50 2 1.675 1.95

100 5 2.125 275

10 3.05 3.1 2.025
NaHCo3

20 2.825 2.25 2.95

1



40 1.675 1.575 1.4

25 75 S5 S5
Fungicide 50 1.15 .85 8

100 725 1.75 925
Control 3.9 3.9 3.9

Appendex 3: (PDA)

Potato Dextrose Agar 93.5g/litter

Potato infusion 4.0g, Dextrose 20g, Agar 15g, Distilled water 1000ml
Appendix 4: (Fungicide)

Name: Revus topR

Active ingredients: Mandipropamid + Difenoconazole

Manufactured for: Syngenta Crop Protection, North Carolina

Mode of action: inhibition the germination of fungal spores (zoo spore
and sporangia spores), inhibit germination of hyphae and inhibit form of
spores.

Appendix 5:
Mango tree was isolated form it fungus Nattrassia mangiferae
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