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the fourth week of June, yielding hyaline,
bicelled macroconidia Figure 2b. Beyond
the third week of July major portion of
the leaf got covered with diseased spos.
‘The petiole infection though less frequent
was first recorded in the third week of
July as brown clliptical lesions with a
reyish center. Also, microconidia were
formed within the same stromata in the
second week of August. The shape of the
Spots was irregular to circular upto third
week of June beyond which due to
coalescing of spols large _irrogular
necrotic patches were formed Figure 2c.
Chlorosis and/or inward curling of
chlorofic andlor _achlorotic _severely
infected leaves Figure 2d along the
‘margins was observed in second week of
August which ultimately leads to

initiation of  pre-mature  defoliation
Figure 2e by the fourth week of August.

Pathogenlclty test:  The pathogenic
nature of the isolated fungus was proved
on one year old potied cherry saplings
cv. Bigareau Napoleon (Double).
Observations regarding the pathogenicity
of the test fungus revealed the initiation
of typical disease symploms 10 days
after inoculation on injured leaves of the
potted plants. However, in case of un-
injured leaves, the disease symptoms
appeared 16 days afler inoculation. No
lesiondevelopment was observed on
control planis. Re-isolations  from
infected leaves yielded typical cultures of
the fungus, thus proved the Koch's
postulates.
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The efficacy of some botanicals as
insecticides has been reported. This
includes leaf essential oil of Lantana
camara’ (Murugesan et al., 2012) and
volatile oil of Pyrenacantha. staudtii
(Falodun, 2010) on some insects. The
essential oils from savory and oregano
are highly offective against Indian meal
moth  (Plodia_ interpunciella) and
Mediterrean  flour  moth  (Ephesha
knehmiclla) (Ayvaz et al, 2008).
Botanicals which include plant extracts,
essential oils and phytochemical have
been recognized with _mosquitocidal
potential (Mandal, 2012).  These
botanicals have ovicidal and repellent
activity. For instance, the leaf extracts of
Ervatamia  coronaria have  repellent
property  against  adult  Culex
quinguefasciatus, Acdes acgypri and
Anopheles  stephensi. (Govindarajan &
Sivakumar, 2011). Also larvicidal effects
of Moriga oleifera leaf extracts against
An. Stephensi larvae (Prabhu et al, 2011)
and repellent effect of Eucalyprus and
Aazadirachita indica seed oil against
adult Culex quinguefasciatus have been
reported (Mandal, 2012). The objective
was to  delermine the chemical
composition of an essential oil from the
bark of Casuarina equisetifolia using gas

chromatography (GO} Mass
Spectrometry  (MS)  analyses  and
determine the potential of this plant as a
‘mosquitecidal botanical.

Materials and methods

Plant matertals: Stem bark of Casuarina
equisetifolia was obtained from an adult
tree in March 2014 from the premises of
Redeemer’s University, Mowe, Ogun
state, Nigeria. Taxonomic identification
was performed by a botanist at the

Herbarium of the Botany department of
the University of Lagos, Lagos, Nigeria.
‘The bark was cleaned, dried and cut into

pieces.

Hydrodistillation: The plant sample
(400g) was subjected to hydrodistllation
for 5 hours, using the Clevenger-type
apparatus  according to the European
Pharmacopocia. The volatile distillate
was collected over anhydrous sodium
sulfate, stored in an air-tight vial with
Scrow lid and refrigerated at 4°C until the
time of analysis. The yield of the oil was
0.6lg.

Gas  chromatography-mass
metry  analysis:  The
chromatography (GO} mass
Spectrometry  (MS)  analyses  were
realized using  Agilent  Technology
7890A (USA) gas  chromatograph
equipped with a fused silica_capllary
column HP-SMS (30m x 0.32m, 0.5m
film thickness) on ultrgpure helium gas
and coupled to a mass selective detector
(mass spectrometer). The injector and
interface were operated at 250°C and
380°C, respectively. The oven
temperature was raised from 60°C to
300°C at a heating rate of 5°C/min and
then held _isothermally at that
temperature. The sample was injected in
a splitless mode. The MS was operated at
an’ionization voltage of 70¢V over an
acquisition mass range. The compounds
were identificd on the basis of their
relentiontimes  and  mass-spectral
fragmentation patierns compared with
those of reference compounds stored on
the spectrometer database and National
Instiute of Standards and Technology
(NIST) library. The constituents were
percentages from the GC peak areas
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Results

Chemical composition of Casuarina
equisetfolia bark: Gas Chromatography
(GC)- Mass Spectrum (MS) analysis on
the essential oil dentificd and quantified
nincleenconsituents (100%) (Fig. 1)
Quantitaive_composition and_relaive
sbundance of the essential oil from the
stem bark of Casuarina equisetfolia are
presented in Table I The main
consttuents  were  identified 25 n-
hexadecanoic acid (I8.70%). _cis-13-
octadecanoic acid (17.83%), ridecane
(IL84%),  Undecane  (10.45%),
Hentriscontane  (8.91%).  Nonanal
(862%) and Oxirane  (243%)Others
were below 2%. The percentage of the
classes of compounds found present in
the essential oil is presented (Fig. 2).
Fatty acids were observed to have the
highest _relative percentage (45.43%)

followed by ~Aliphatic _hydrocarbons
(3771%),  oxygenated  aliphatic
hydrocarbons  (13.96%), _ aromatic
bydrocarbons  (245%),  terpenoids.
(245% and  cyclic  oxygenated

‘compounds (0.44%) (Fig. 2).

Bloassay of essentlal oll from the stem
bark of Casuarina equiscifolia_on
Aedes and Anopheles mosquitocs: The
bioassay of the essential oil from the
stem bark of Casuarina equisetfolia on
the mosquito species showed that it has
significant _ adulticidal  mosquitocidal
activity against Anopheles _sambiae
complex and Aedes acgpi. The time
taken to knockdown 0% (KdTs) of
Anopheles_sambiae complex was 40
minutes_and 61 minutes for Aedes
acgypi. The KdTos of these mosqitoes
(Anopheles gambiae complex and Aedes
aczypii) o the essential oil was 120
minutes and 212 minutes respectively
(Table 2). The percent mortality of these
two species of mosquitoes fo  the
essential oil after 24hrs was 100%. The
percentages of Aedes aceypii knockdown
in 15, 30 and 40minutes were 1%, 10%
and 15% while 14%, 25% and 26% of
Anopheles - gambiaecomplex  were
knockdown in 15, 30 and 40 minutes
(Fig.3),
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The GC-MS analysis of the essential oil
of Casuarina.equisetifolia_stem bark
quantified nineteen constituents _with
fatty acids observed to have the highest
relative percentage (45.43%). The major
components of  Callosbruchus analis
reporied 1o show insecticidal activity
against Desmodium elegans were 1

acid, ricosanoic acid and marganic acid.
The ftty acids were indicated to exhibit
the insecticdal activity (Khan et al,
2012). The fatty acidrich Turkish
bryophyte extract also reported to have
insecticidal property against Sitophilus
Granarius. The_n-hexadecanoic. acid,
Dodecanoic acid and myristic acid were
identified as the active compounds and
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without any cortection (Adeosun et al.,
2013).

Mosquito larvac collection and r
of Adult  mosquitocs: Lanvac
Anopheles and Aedes mosquito species
were collected from stagnant drainages.
‘and old tires found at Redemption camp,
kilometer 46 Lagos-Tbadan expressway,
Ogun state, Nigeria. The larvae were
reared in Redeemers University insectary
to adult. The adult mosquitoes were
placed in cages and fed with sugar
solution (10%) soaked in cotion wool
The mosquitoes were identified into
groups and species using identification
keys as reported by Giles and Coetzee
(Gilles & Coetzee, 1987) and Rueda
(Rueds, 2004).

Bloassay on adult mosquitoes: Two o
four days old non-blood fed and sugar-
fed adult mosquitoes were used for the
bicassay. Filter papers were impregnated

with the essential oil (undiluted) from the
stem bark of Casuarina equisetfolia.
The filter papers were fixed into World
Health Organization (WHO) insecticide
bicassay exposure fubes. Three (3)
replicates of 25 mosquitoes (Anopheles
cambiae complex o Aedes acgypti) cach
were exposed. A conirol group of 25
mosquitoes  (Anopheles  gambiae
complex o Aedes acgypii) was exposed
to flter papers without essential oil from
the stem bark of Casuarina equisetifola.
The number of mosquitoes knockdown
was recorded afterr 5, 10, 15, 20, 30, 40,
50 and 60 mins. After the exposure time,
the mosquitoes were transferred into
holding tubes and fed with sugar solution
(10%) soaked in cotton wool for 24hr

Data analysis for the bloassay: The
time taken to knock down 50% and 95%
of mosquitoes (KDTs and KDT,s) was
calculated by means of log time-probit
using SPSS 17.0 software.
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Results

Chemical composition of Casuarina
equisetfolia bark: Gas Chromatography
(GC)- Mass Spectrum (MS) analysis on
the essential oil dentificd and quantified
nincleenconsituents (100%) (Fig. 1)
Quantitaive_composition and_relaive
sbundance of the essential oil from the
stem bark of Casuarina equisetfolia are
presented in Table I The main
consttuents  were  identified 25 n-
hexadecanoic acid (I8.70%). _cis-13-
octadecanoic acid (17.83%), ridecane
(IL84%),  Undecane  (10.45%),
Hentriscontane  (8.91%).  Nonanal
(862%) and Oxirane  (243%)Others
were below 2%. The percentage of the
classes of compounds found present in
the essential oil is presented (Fig. 2).
Fatty acids were observed to have the
highest _relative percentage (45.43%)

followed by ~Aliphatic _hydrocarbons
(3771%),  oxygenated  aliphatic
hydrocarbons  (13.96%), _ aromatic
bydrocarbons  (245%),  terpenoids.
(245% and  cyclic  oxygenated

‘compounds (0.44%) (Fig. 2).

Bloassay of essentlal oll from the stem
bark of Casuarina equiscifolia_on
Aedes and Anopheles mosquitocs: The
bioassay of the essential oil from the
stem bark of Casuarina equisetfolia on
the mosquito species showed that it has
significant _ adulticidal  mosquitocidal
activity against Anopheles _sambiae
complex and Aedes acgpi. The time
taken to knockdown 0% (KdTs) of
Anopheles_sambiae complex was 40
minutes_and 61 minutes for Aedes
acgypi. The KdTos of these mosqitoes
(Anopheles gambiae complex and Aedes
aczypii) o the essential oil was 120
minutes and 212 minutes respectively
(Table 2). The percent mortality of these
two species of mosquitoes fo  the
essential oil after 24hrs was 100%. The
percentages of Aedes aceypii knockdown
in 15, 30 and 40minutes were 1%, 10%
and 15% while 14%, 25% and 26% of
Anopheles - gambiaecomplex  were
knockdown in 15, 30 and 40 minutes
(Fig.3),
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troduction

Cherries occupy unique position among
temperate fruits all over the world and
are season’s first tree fruit to reach the
‘market, maturing within 60-70 days after
full bloom and therefore, fetches
premium price. Cherries are classified
under the genus Prumus and belong to the
family Rosacea. The cultivated cherries.
are divided into two groups ie. sweet
cherries (Prunus aviam L) and sour
cherries (Prunus cerasus L) The
primary _cherry  producing  countries
contributing to world's annual production
of 2256 thousand MT are Turkey.
USA. Iran, ltaly, Chile, Uzbekistan and
China ' (Anonymous, 2014). In- India,
cherry is mainly grown in the state of
Jammu and Kashmir (J&K) and to some
extent in the North-Western Himalayan
region of Himachal Pradesh  and
Uttarakhand hills, India. Exports of
cherry from Jammu and Kashmir State
cams substantial forcign exchange up o
150.00 crore (Anonymous, 2012). The
cherry fruit is mostly consumed as fresh,
besides being used in confectionery. ice-
creams, bakery, Juice-making, syruping
and liquors. Cherry wood and fruit are
also usable in veneer industry, dying,
pharmaceutical and food  industries
(Chinnici et al, 2015). Owing o is high
content of vitamin C and other chemicals
that might act as antioxidants, cherries
are used o prevent cancer and other
cardiovascular discases besides treating
osteoarthritis and gout (Bastos cf al
2015: Pacifico et al, 2014). The
agroclimatic conditions of Kashmir
valley are quite conducive for stone fruit
crop cultivation and also the area under
cherry s increasing marginally every
‘year, but the cherry productivity per unit

area s low owing to many biotic and
abiotic factors. Among the diseases,
Blumeriell leaf spot (BLS) has assumed
an alarming proportion in the major
cherry growing countries of the world
‘and causes huge economic losses through
‘mid-summer pre-mature defoliation {0
the extent of 80-00% reported from
Pennsylvania, which ulimately results in
reduced fruit bud survival and fruit set in
the following year (Gianessi & Williams,
2011; McManus of al., 2007). Further,
the discase results in the production of
Soft and poorly coloured fruits with low
content of soluble solids  besides
increasing tree mortality during severe
winters (Jones, 1995). The disease has
been frst observed in USA by Karsten in
1884, Since then the discase has been
recorded from many other countries of
the world, but in India, particularly in
Jammu and Kashmir State, no attempt
has been done except for a report (Khan
et al., 2014) and hence the present study
was undertaken to characterize the
discase based on  morphological
characters and pathogenicity test from
three cherry growing districts of Kashmir
valley, India.

Materials and methods

discase  Incldence  and
Survey of chemry growing
areas in three districts viz,, Srinagar,
Ganderbal and Baramulla of Kashmir
valley, India was done during late
August (peak period of the discase) in
the year 2014 to record incidence and
intensity of Blumericlla leaf spot in
cherry. Random selection of cherry
orchards irrespective of cultivars. from
three villages per district, five orchards
per village and ten trees per orchard was

m
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insecticides are  naturally
from plants(Isman, 2000). Botanical
insecticides are not harmful to human
health as well as the environment
because of their abilty to decompose.
(Isman, 2000).  Essential oils _from
different plant species possess ovicidal,
larvicidal and repellant properties against
various insect species (Cetin et al. 2004)
‘Botanicals insecticides include pyrethrum

from  cude flower dust  of
Chrysanthenum cinerariaefolium
(Chandal,  2012),  Rotenome _from

Lonehocarpum species (1slam, 2006) and
Sabaddills  from  Schoenocaulon
afficinalel (Zang, 1997) disrupts._the
insect nerve cell membrane action. Also
Neem from Azadirachta indica (Isman et
al, 1990) acts as an insect feeding
constraint which can lead to the death of
the insect. Casuarina equisetifolia of the
Family Casuarinaceae comprises of two
subspecies (Casuarina equisetifolia spp.
cquisetifolia L. and Casuarina
equisetifolia spp. incana L) (Kikshore &
Rahman, 2012). 1t is a nitrogen-fixing
evergreen tree whose height ranges from
IS to SOm (Fig 1. Casuarina
cquisetifolia s of Australian origin,
‘mainly grown for its wood fuel property
in Nigeria. The chemical composition of
the tree includes ellagic acid, gallc acid,
kaemferol and quercetin
(Narayanaswamy et al. 2013). The bark
possesses astringent and  antioxidant
properties (Narayanaswamy et al, 2013).
Various parts of the plans such as the
bark, leaves, seeds and fruits have been

reported o possess  antihistamine,
antioxidant, antimicrobial,
hepatoprotective  and  analgestic

properties (Kikshore & Rahman, 2012).
The essential oil component from the
leaf and fruit of Casuarina equisetifolia
has been reported (Ogunwande et al.,
2011) as well as the phenolic acids
present i Casuarina _equisetifolia
(Gumgumjee & Hajar, 2012). The High
Performance Liquid Chromatography
(HPLC) analysis revealed the plant
consists of cight phenolic compounds.
These include ~ Gallic, Protocatiol
Chlorogenic, p-Hydroxybenzoi
Syringic, Vanillic and Salicyclic acid
(Gumgumjee & Hajar, 2012). The
phytochemical screening of Casuarina
equisetifolia.reported the presence of
carbohydrates, protein, steroid and tannin
in all the plant’s paris. The phyto-
consituents are Alkaloid (bark), Saponin
(bark, fruit) and Flavonoid (in fruit and
leaf) (Alex et al, 2010). The structures
of condensed tannins from the stem bark
and fine root of Casuarina equisetifolia
have also been identified using MALDI-
TOF MS and HPLC analyses. These
confain _procyanidin combined  with
prodelphinidin and propelargonidin with
epicatechin as the main extension unit.
The condensed tannins have different
polymer chain lengths, varying from
trimer to tridecamer for stem bark and up
to pentadecamer for fine root (Shang-Ju
et al., 2010). Mosquitoes affect human
health in the spread of diseases such as
malaria by  Anopheles  species
(Murugesan et al, 2012) and arboviruses
diseases such as yellow fever, dengue,
Chikungunya infection, by Aedes species
(Falodun, 2010). In 2015, 214 million
cases of malaria were reported globally.
Out of these, 35% of malaria deaths
occurred in two couniries-Nigeria_and
Democratic Republic of Congo (World
Malaria Report, 2015). The efficacy of
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Morphologieal  characters:  The
‘morphological characters of the pathogen
studied both on host (in vivo) as well as
from culture (i viro) are presented in
Table 1. Figure 3a-f

Identiication of the pathogen: Bascd

on the morphological  characters,
pathogenicity test and comparison with

authentic descriptions given by Karsten
(1884). Higgins (1914) and Williamson
and Bemard (I985) the fungus was
denified as Colindrosporium padi (Lib.)
P. KarstEx Sace. the anamorph of
Blumeriella_jacpii (Rehm) _ Arx.
(Stojanovie and Baric 1973; Joncs 1995).
No perfect state of the fungus was
observed during the investigation cither
on host o culture.
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The GC-MS analysis of the essential oil
of Casuarina.equisetifolia_stem bark
quantified nineteen constituents _with
fatty acids observed to have the highest
relative percentage (45.43%). The major
components of  Callosbruchus analis
reporied 1o show insecticidal activity
against Desmodium elegans were 1

acid, ricosanoic acid and marganic acid.
The ftty acids were indicated to exhibit
the insecticdal activity (Khan et al,
2012). The fatty acidrich Turkish
bryophyte extract also reported to have
insecticidal property against Sitophilus
Granarius. The_n-hexadecanoic. acid,
Dodecanoic acid and myristic acid were
identified as the active compounds and

se
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some botanicals as insecticides has been
reported. This includes leaf essential oil
of Lantana camara (Woodbridge &
Edward, 2002) and volatile oil of
Pyrenacantha staudii (Gubler, 1997) on
some insects. The essential oils from
savory and oregano are highly effective
against Indian meal moth (Plodia
interpunciella) and Mediterrean  flour
‘moth (Ephesha knchniella) (Ayvaz et al..
2008). Botanicals which include plant
extracts, essential oils and phytochemical
have been recognized with mosquitocidal
potential  (Mandal,  2012). These
botanicals have ovicidal and. repellent
activity. For instance, the leaf extracts of
Ervatamia - coronaria have  repellent
property  against  adult  Culex
quinguefuscians, Aedes aceopti and
Anopheles  stephensi (Govindarajan &
Sivakumar, 2011). Also larvicidal effects
of Moriga oleifera leaf extracts against
An. Stephensi larvae (Prabhu et al.. 201 1)
‘and repellent effect of Eucalyprus and
Aazadirachita indica seed il against
adult Culex quinguefasciatus have been
reported (Mandal, 2012). The objective
was to determine the _chemical
composition of an essential oil from the
bark of Casuarina equiserifolia using gas

chromatography (GO} Mass
Spectrometry  (MS)  analyses  and
determine the potential of this plant as a
‘mosquitecidal botanical,

Materials and methods

Plant matertals: Stem bark of Casuarina
equisetifolia was obtained from an adult
free in March 2014 from the premises of
Redeemer’s University, Mowe, Ogun
state, Nigeria. Taxonomic identification
was performed by a botanist at the

Herbarium of the Botany department of
the University of Lagos, Lagos, Nigeria.
‘The bark was cleaned, dried and cut into

pieces.

Hydrodistillation: The plant sample
(400g) was subjected to hydrodistllation
for 5 hours, using the Clevenger-type
apparatus  according to the European
Pharmacopocia. The volatile distillate
was collected over anhydrous sodium
sulfate, stored in an air-tight vial with
Scrow lid and refrigerated at 4°C until the
time of analysis. The yield of the oil was
0.6lg.

Gas  chromatography-mass
metry  analysis:  The
chromatography (GO} mass
Spectrometry  (MS)  analyses  were
realized using  Agilent  Technology
7890A (USA) gas  chromatograph
equipped with a fused silica_capllary
column HP-SMS (30m x 0.32m, 0.5m
film thickness) on ultrgpure helium gas
and coupled to a mass selective detector
(mass spectrometer). The injector and
interface were operated at 250°C and
380°C, respectively. The oven
temperature was raised from 60°C to
300°C at a heating rate of 5°C/min and
then held _isothermally at that
temperature. The sample was injected in
a splitless mode. The MS was operated at
an’ionization voltage of 70¢V over an
acquisition mass range. The compounds
were identificd on the basis of their
relentiontimes  and  mass-spectral
fragmentation patierns compared with
those of reference compounds stored on
the spectrometer database and National
Instiute of Standards and Technology
(NIST) library. The constituents were
percentages from the GC peak areas

5
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done. The discase incidence was

recorded by counting the total number of
leaves and the number of diseased leaves

The discase intensity was recorded by
visual observations using 04 seale
(Schuster & Tobutt, 2004). Per cent
discase intensity (PDI) was calculated as
per the formula:

b
‘Where, n=No. of diseased leaves in cach
category, v= Numerical value of cach

category, N=No. of leaves examined, G
Maximum numerical value.

Symptomatological _studles:  Cherry
leaves of cultivar Bigarreau Napoleon
(Double) from four randomly selected
trees were used for symptomatological
studies i the orchard of Division of Fruit
Sciences, SKUASTK, Shalimar. The
trees were kept unsprayed throughout the
‘growing season to study the symptoms of

Blumericlla leaf spot under natural
cpiphylofic ~conditions. Leaves were
cxmined daily for the discase

appearance. Periodic._observations with
respect to petiole infection, leaf curling
‘and pre-mature defoliation besides size,
shape and colour of the lesions on leaves.
was recorded.

Isolation of the pathogen: Cherry leaves
exhibiting _typical _disease - symptoms,
collected_during the course of survey,
were repeatedly used for isolation of the.
pathogen. The discased leavas were first
cxamined for associated fungus by
teasing the diseased portion with the aid

on randomly selected four branches in
four directions of cach tree, using the
following formula:

of 4 teasing needle and observed under
‘microscope. For isolation of the fungus,
tissue bit technique (Joshua & Mmbaga,
2014) was used and incubated at 20:1°C
for 21 days in sterilized Polato Dextrose
Agar (PDA) media Petr plates

Isolaton,  purifcation  and
malntenance  of  the  pathoger
Isolations were made from diseased
leaves showing typical symptoms. After
72 hours of incubation at 20=1°C whitish
‘mycelial growth started cmerging from
the discased leaf tissues, inoculated on
Potato Dextrose Agar medium. The
culture was purified by single spore
isolation (Johnston & Booth, 1983). The
pure culture thus, obtained was
‘maintained by repeated subculturing at
an interval of 30 days for further studies.
The stock culture in PDA slants was
stored at 4°C in a reffigerator. To retain
the vigour of the fungus, it was isolated
repeatedly from naturally infected leaves
and purified by the method described.

Pathogenlelty test: One year old
apparently healthy, budded plants of
cultivar Bigarreau Napoleon (Double),
obtained from Division of Fuit Sciences,
SKUASTK, Shalimar were planted in
40 cm diameter plastic pols containing
sterilized soil. The potied plants were
kept in polythene chambers, especially
designed for the purpose. High humidity
inside the chamber was maintained by
timely imigation of the pois and
intermittent  spraying  with  distilled

.
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suggested 1o be responsible for_the
adulicidal activity of the extracts (Abay
etal,, 2013). Fatty acid rich planis have
also been reported to be responsible for
insecticidal  and  growth _ inhibition
actvites of some pests (Farag et al..
2011). The presence of fatty acids with
alkyl esters could have been responsible
for the  mosquitocidal potential. The
synergy between fatty acids such as
hexadecanoic acid and octadecanoic acid
with their alkyl esters (methyl
rcinoleate) promoes insectistatc.and
insecticdal actvity (Ramos-Lopez et al,
2012). The mode of action of faty acids
epends on the insect physical contact
with the faty acid. The mode of action of
tipophilc carbon chains of fatty acids in
the  penciration and. disruption of the
lipoprotein matri of the nsect's cellular
‘membranes has been reported, (Purich,
1981) and (Osbrne & Henley. 1982). The
insecticidal properties of a number of
fatty acid derivatives have also been
investigated (Kabara, 2001). Soturated
faty acids have optimal cffects when
they contain twelve carbon atoms. In this
study, the saturated fatty acids had the
highest proportion (62.5%) of the fatty
acids of Casuarina equisefolia_stem
bark. Furthermore, about 80°% of the fatty
acids of Casuarina. equisrolia._stem
bark in this study contains 12-carbon
atoms, some of which are unsaturated
fatty acids. The presence of the
‘monounsaturated in the esseniial oil of
Casuarina.equisetflia stem bark will
increase the activty of long chain fatty
acids (Kebara, 2001 The cis-
unsaturated fatty acids have been
reported to be more active than trans-
acids. The presence of high percentage
(18.02%) of cis- 3-octadecanoic acid of
Casuarina equiserfolia stem bark may be

responsible  for the  mosquitocidal
potential (Kabara, 2001). The essential
oil from bark of Casurina equisetifolia
has adulticidal activity against Anopheles
cambiae complex. and Aedes acgypti
‘mosquitoes. The mortality observed afler
24 hours was 100% in both Aedes
acaypti and  Anopheles  gambiae
complex.  These  mosquitoes  are
susceptible to the essential oil of
Casurina equiserifolia stem bark. Similar
reports on the mosquitocidal activity of
some essential oils have been
documented. The Lantana camara leaves
against Aedes and Anopheles species also
reported 93.3% and 95.2% mortalities
(Dua et al 2010). The KdT:, and KdTos
of the essential oil of Casurina
cquisetifolia. stem bark were higher in
Aedes aegypti when compared with
Anopheles _gambiae complex. The
essential oil of Casurina. equisetifolia
stem bark will knockdown the Anopheles
species faster that the Aedes species.
Thes, it will be more effective in the
control of malaria in the tropics. Some of
the major components of essential oil of
Casuarina equisetifolia  stem  bark
identified in the present study are n-
hexadecanoic acid, 9-octadecenoic acid,
hexadecanoic acid and dodecanoic acid
which have been reported to exhibit
insecticidal properties as stated above.
The reports showed that fatty acids
exhibit insecticidal activity and may be
suitable against several insect specics. In
this_present_investigation, essential oil
obiained from the stem-bark of
Casuarina  equisetifolia showed
‘mosquitocidal _activity against adult
Anopheles and Aedes mosquitoes. The
present finding may be utiized for the
development of plant-based pesticides as
supplementary to synthetic insecticides.
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suggested 1o be responsible for_the
adulicidal activity of the extracts (Abay
etal,, 2013). Fatty acid rich planis have
also been reported to be responsible for
insecticidal  and  growth _ inhibition
actvites of some pests (Farag et al..
2011). The presence of fatty acids with
alkyl esters could have been responsible
for the  mosquitocidal potential. The
synergy between fatty acids such as
hexadecanoic acid and octadecanoic acid
with their alkyl esters (methyl
rcinoleate) promoes insectistatc.and
insecticdal actvity (Ramos-Lopez et al,
2012). The mode of action of faty acids
epends on the insect physical contact
with the faty acid. The mode of action of
tipophilc carbon chains of fatty acids in
the  penciration and. disruption of the
lipoprotein matri of the nsect's cellular
‘membranes has been reported, (Purich,
1981) and (Osbome & Henley, 19%2).
The insecticidal propertes of a number
of fatty acid derivatives have aso been
investigated (Kabara, 2001). Soturated
faty acids have optimal cffects when
they contain twelve carbon atoms. In this
study, the saturated fatty acids had the
highest proportion (62.5%) of the fatty
acids of Casuarina equisefolia_stem
bark. Furthermore, about 80°% of the fatty
acids of Casuarina. equisrolia._stem
bark in this study contains 12-carbon
atoms, some of which are unsaturated
fatty acids. The presence of the
‘monounsaturated in the esseniial oil of
Casuarina.equisetflia stem bark will
increase the activty of long chain fatty
acids (Kebara, 2001 The cis-
unsaturated fatty acids have been
reported to be more active than trans-
acids. The presence of high percentage
(18.02%) of cis- 3-octadecanoic acid of
Casuarina equiserfolia stem bark may be

responsible  for the  mosquitocidal
potential (Kabara, 2001). The essential
oil from bark of Casurina equisetifolia
has adulticidal activity against Anopheles
cambiae complex. and Aedes acgypti
‘mosquitoes. The mortality observed afler
24 hours was 100% in both Aedes
acaypti and  Anopheles  gambiae
complex.  These  mosquitoes  are
susceptible to the essential oil of
Casurina equiserifolia stem bark. Similar
reports on the mosquitocidal activity of
some essential oils have been
documented. The Lantana camara leaves
against Aedes and Anopheles species also
reported 93.3% and 95.2% mortalities
(Dua et al 2010). The KdT:, and KdTos
of the essential oil of Casurina
cquisetifolia. stem bark were higher in
Aedes aegypti when compared with
Anopheles _gambiae complex. The
essential oil of Casurina. equisetifolia
stem bark will knockdown the Anopheles
species faster that the Aedes species.
Thes, it will be more effective in the
control of malaria in the tropics. Some of
the major components of essential oil of
Casuarina equisetifolia  stem  bark
identified in the present study are n-
hexadecanoic acid, 9-octadecenoic acid,
hexadecanoic acid and dodecanoic acid
which have been reported to exhibit
insecticidal properties as stated above.
The reports showed that fatty acids
exhibit insecticidal activity and may be
suitable against several insect specics. In
this_present_investigation, essential oil
obiained from the stem-bark of
Casuarina  equisetifolia showed
‘mosquitocidal _activity against adult
Anopheles and Aedes mosquitoes. The
present finding may be utiized for the
development of plant-based pesticides as
supplementary to synthetic insecticides.
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Blumeriella jaapii (Rehm) v. Arx. So
based on morphological ~characters,
pathogenicity test and comparison with
the authentic descriptions the pathogen
was identified as Cylindrosporium padi
(Lib.) P. Karst. Ex Sace. and no perfect
state of the fungus was cither developed
in culture or observed on host during the
period of study; however, the fungus has
been reportedly found to  reproduce.
sexually and the perfect state identified
s Blumeriella jaapii (Rehm) v. Arx.
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insecticides are  naturally
from plants(Isman, 2000). Botanical
insecticides are not harmful to human
health as well as the environment
because of their abilty to decompose.
(Isman, 2000).  Essential oils _from
different plant species possess ovicidal,
larvicidal and repellant properties against
various insect species (Cetin et al. 2004)
‘Botanicals insecticides include pyrethrum

from  cude flower dust  of
Chrysanthenum cinerariaefolium
(Chandal,  2012),  Rotenome _from

Lonehocarpum species (1slam, 2006) and
Sabaddills  from  Schoenocaulon
afficinalel (Zang, 1997) disrupts._the
insect nerve cell membrane action. Also
Neem from Azadirachta indica (Isman et
al, 1990) acts as an insect feeding
constraint which can lead to the death of
the insect. Casuarina equisetifolia of the
Family Casuarinaceae comprises of two
subspecies (Casuarina equisetifolia spp.
cquisetifolia L. and Casuarina
equisetifolia spp. incana L) (Kikshore &
Rahman, 2012). 1t is a nitrogen-fixing
evergreen tree whose height ranges from
IS to SOm (Fig 1. Casuarina
cquisetifolia s of Australian origin,
‘mainly grown for its wood fuel property
in Nigeria. The chemical composition of
the tree includes ellagic acid, gallc acid,
kaemferol and quercetin
(Narayanaswamy et al. 2013). The bark
possesses astringent and  antioxidant
properties (Narayanaswamy et al, 2013).
Various parts of the plans such as the
bark, leaves, seeds and fruits have been

reported o possess  antihistamine,
antioxidant, antimicrobial,
hepatoprotective  and  analgestic

properties (Falodun 2010). The essential
oil component from the leaf and fruit of
Casuarina  equisetfoliahas  been
reported (Ogunwande et al., 2011) as
well as the phenolic acids present in
Casuarina equiserifolia (Gumgunijee &
Hajar, 2012). The High Performance
Liquid Chromatography (HPLC) analysis
revealed the plant consists of cight
phenolic compounds. These - include
Gallic, Protocatioic, Chlorogenic, p-
Hydroxybenzoic, Syringic, Vanillic and
Salicyclic acid (Gumgumjee & Hajar,
2012). The phytochemical screening of
Casuarina equiserifolia reported _the
presence of  carbohydrates, _protein,
Steroid and tanin in all the plant’s parts.
The phyto-constituents are ~ Alkaloid
(bark), Saponin (bark, fruit) and
Flavonoid (in fruit and lea) (Aher et a.,
2010). The structures of condensed
fannins from the stem bark and fine root
of Casuarina equiserifolia have also been
identified using MALDL-TOF MS and
HPLC analyses. These  contain
procyanidin ~ combined  with
prodelphinidin and propelargonidin with
epicatechin as the main extension unit.
The condensed tannins have different
polymer chain lengths, varying from
trimer to tridecamer for stem bark and up
to pentadecamer for fine root (Shang-Ju
et al., 2010). Mosquitoes affect human
health in the spread of diseases such as
malaria by  Anopheles _ species
(Woodbridge & Edward 2002) and
arboviruses discases such as yellow
fever, dengue, Chikungunya infection, by
Aedes species (Gubler, 1997). In 2015,
214 million cases of malaria_were
reported globally. Out of these, 35% of
‘malaria deaths occurred in two countries-
Nigeria and Democratic Republic of
Congo (World Malaria Report, 2015).
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Discussion

Amongst the various cherry diseases,
Blumericlla leaf spot causes huge
economic losses through premature mid-
summer defoliationwhich ultimately
culminates in reduced fruit bud survival
and fruit set in the following year,
besides unevenly ripened fuit with poor
taste, and increased tree mortalty during
severe winters (McManus et al., 2007).
Highest discase incidence and intensity
could probably be attributed to. higher
plant density. mixed cropping in cherry
orchards ecosystem with maize, beans,
and fodders leading 1o high relative
humidity in the microclimate of the
orchard, besides non disposal of fallen
discased leaves which serve as source of
primary inoculum. Occasional or rather
neglecied spray programme followed in
these areas fo combat other fungal
discases of cherry seem to have favoured
i building the highest disease incidence.
‘The least disease incidence and intensity
of (1300 & 0578%) and (1850 &
08.73%) was recorded in the villages of
Reram and Druroo of district Baramulla,
which could be attributed 1o lesser plant
density and beter orchard management
practices.  Variations in_ incidence and
intensity of Blumeriella leaf spot disease
in various locations have also been
reported by Eisensmith and Jones (1981).
Ellis (2008), Wilcox (1993), Kiraly and
Szentpeteri(2006), Babadoost_(1995),
Holb (2009) and Joshua and Mmbaga
(2014). Our symptomatological findings
are more or less supporied by the
observations made by Holb (2009),
reported formation of irregular necrotic
patches with change in colour and shape
with the passage of fime. Petiole
infection though less frequent was first

observed in third week of July. Chlorosis
andlor inward curling along the margins
of chlorotic or a-chlorotic severly
infected leaves was observed in the
second week of August which resulted in
pre-mature defoliation by last week of
August. The characteristic symptoms of
the discase as observed under natural
conditions of inoculations were identical
and agreed with those observed by Khan
etal. 2014), Ellis (2008), and Taut et al.
(2010). The morphological characters of
the fungus observed on host as well as in
culture were compared with the authentic
description_given by Karsten (1884),
Higgins (1914), Williamson and Bemard
(1988) and Vov Arx (1961) with which
these characters closely corroborate; the
anamorph  was  thus _identified as
Cylindrosporium padi (Lib.) P. Karst. Ex
Sacc. The typical symploms were
produced by the pathogen 10 days afler
inoculation on injured leaves and 16 days
after arificial inoculation on un-injured
leaves. Reisolations from the diseased

leaves yielded original _ inoculant
repeatedly, thus  satisfied Koch's
postulates.  Khan et al. (2014) also

obiained symptoms within 10-15 days
after inoculating the cherry leaves with
Spore. suspension of  Calindrosporium

padi. On the basis of morphological
characters,  pathogenicity test and
comparison  with  the authentic
descriptions (Karsten, (1584), Higgins

(1914), Williamson and Bernard (1988)
the pathogen was identified as
Cylindrosporium padi (Lib.) P. Karst. Ex
Sacc. Since the perfect state of the
fungus neither developed in culture nor
was observed on host during the period
of study; however, the fungus has been
reportedly found fo reproduce sexually
and the perfect state idenified as
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without any cortection (Adeosun et al.,
2013).

Mosquito larvac collection and r
of Adult  mosquitocs: Lanvac
Anopheles and Aedes mosquito species
were collected from stagnant drainages.
‘and old tires found at Redemption camp,
kilometer 46 Lagos-Tbadan expressway,
Ogun state, Nigeria. The larvae were
reared in Redeemers University insectary
to adult. The adult mosquitoes were
placed in cages and fed with sugar
solution (10%) soaked in cotion wool
The mosquitoes were identified into
groups and species using identification
keys as reported by Giles and Coetzee
(Gilles & Coetzee, 1987) and Rueda
(Rueds, 2004).

Bloassay on adult mosquitoes: Two o
four days old non-blood fed and sugar-
fed adult mosquitoes were used for the
bicassay. Filter papers were impregnated

with the essential oil (undiluted) from the
stem bark of Casuarina equisetfolia.
The filter papers were fixed into World
Health Organization (WHO) insecticide
bicassay exposure fubes. Three (3)
replicates of 25 mosquitoes (Anopheles
cambiae complex o Aedes acgypti) cach
were exposed. A conirol group of 25
mosquitoes  (Anopheles  gambiae
complex o Aedes acgypii) was exposed
to flter papers without essential oil from
the stem bark of Casuarina equisetifola.
The number of mosquitoes knockdown
was recorded afterr 5, 10, 15, 20, 30, 40,
50 and 60 mins. After the exposure time,
the mosquitoes were transferred into
holding tubes and fed with sugar solution
(10%) soaked in cotton wool for 24hr

Data analysis for the bloassay: The
time taken to knock down 50% and 95%
of mosquitoes (KDTs and KDT,s) was
calculated by means of log time-probit
using SPSS 17.0 software.
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sterilized water. The plants were sprayed
with copper oxy-chloride 50 WP @ 0.3%
to exclude any infection. Also, the plants
were constantly observed for 10 days o
nile out any latent infection. Prior 1o
inoculations, the leaves were sprayed
with distilled sterlized water. One set of
the plants was given injuries with
carborandom powder, while another set
was kept uninjured. Inoculation were
‘made by spraying spore suspension (1
10* sporesiml) from young and vigorous
culture of Cylindrasporium padi on the
abaxial surface of both injured and
uninjured leaves with the help of an
atomizer. Planis  with injured and
uninjured leaves sprayed with distiled
sterilized water served as check. The
inoculated and un-inoculated plants were
closely monitored for _symptom
development. Re-isolations of pathogen
from artificially inoculated leaves were
caried out and resultant  cultures
compared with original  inoculant 1o
prove Koch's postulates.

Morphological  and cultural
characteristics of the pathogen: The
‘morphological characters of the causal
pathogen were studied both on host (in
vivo) as well as on artificial culture in the
laboratory (in _vitro). Monoconidial
cultures were first grown on PDA
‘medium and then semi-permanent slides.
were prepared from 21 days old culture,
stained with cotton blue in lacto phenol.
The  important  morphological
characteristies studied were nature of
colony, hyphae, conidiophore, conidia
and conidiomata. The - morphological
characters of the causal organism studied
were compared  with authentic
descriptions for the identification of the
fungus.

Results

Disease Incldence and Intensity: discase
incidence and inensity recorded during
survey indicate that Blumeriella leaf spot
discase of cherry was prvalent in all the
three disticts with varied degrees Figure
1. Statistical analysis of the surveyed
data revealed that the limils for average
discase incidence and intensity fluctuated
between 2645 to 46.57 and 09.10 to
2424 per cent, respectively for Srinagar
district and 34.95 to 47.09 and 14.50 to
2274 per cent, respectively for
‘Ganderbal district and 15.18 t0 21.02 and
06.97 to 09.97 per cent respectively for
Baramulla district, indicates highest for
Ganderbal.  However, the average
statistical limits in all the three districts
at all the locations in incidence and
intensity fluctuated between 27.09 to
3665 and 1159 to 17.57 per cent,
respectively.

‘Symptomatology: During the periodic
observation of marked trees, the initial
discase symploms were noticed in the
first week of June which reached to its
peak by the last week of August. The
‘symptoms appeared in the form of small,
imegular, purple red, non sporulating
specks measuring 0.5 to 1.0 mm with an
average size of 0.8 mm Figure 2a. The
Spot progression though initially slow
showed a curvilinear behaviour with 2
‘maximum spot size of 3.80 mm recorded
i the fourth weck of June, beyond which
no further enlargement in size was
observed. The colour of the spot changed
from purple red in the first week of June
to purple-brown at the end of the month,
‘The acervular formation on abaxial leaf
surface just corresponding to spot as a
whitish felt like growth was recorded in
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