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ABSTRACT

The effect of 11 essential oils was in-vitro and in-vivo evaluated against guava decline disease fungi
namely, Botryodiplodia theobromae, Fusarium oxysporum and Rhizoctonia solani isolated from
guava shoots, roots and rhizosphere. Sx concentrations of each were studied in vitro on potato
dextrose agar. Using of clove oil and judean wornwood oil separately at 250 ppm, pepper and
tangerine oils at 500 ppm, anise oil at 750 ppm and onion oil at 1000 ppm led to full inhibition of
radial growth of B. theobromae. In the case of F. oxysporum, full inhibition of radial growth was
occurred by clove oil at 500 ppm or judean wormwood, onion and cinnamon oils at 750 ppm as well
as tangerine, anise, black seed and thyme at 1000 ppm. The growth of R. solani has been full
inhibited using clove, and judean wornmwood oils at 250 ppm or onion ail at 500 ppm. While, other
tested oils have inhibitory effects at concentrations higher than previously mentioned. In vivo study
showed that, the effect of the treatment of 1.5 years old guava seedlings roots with clove and judean
wormwood oils separately using three concentrations (500,1000 and 1500 ppm) for 20 minutes
before planting in contaminated soil with decline fungi led to significant differences between
treatments and the only contaminated ones (control). The best result were obtained using clove oil at
1500 ppm which inhibited completely the infection (severity =0) and gave significant increase in
plant height and dry weight of both shoot and root systems as well as leave contents of chlorophyll a
and chlorophyll b.
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INTRODUCTION
Essential oils are among the promising strategi¢®nly to manage plant diseases but also to haadea
environment and low toxicity to people due to theitural properties. They have a low risk for resise
development by pathogenic microorganisms. Thewk®biodegradable compounds and used efficiently
in integrated pest management programs. Esseiilgahave been widely used against bacteria, viruses
fungi and nematod&¥® Many studies showed that these oils have antifulgtivity through their
inhibitory effects on mycelial growth against mapytopathogenic fungi such 4 theobromae,
R. solani, Pythium irregulare, Ceratocystis pilifera, Phragmidium violaceum, Colletotricum capsici,
3,8,15,21

Phytophthora capsici, F. solani andF. oxysporum
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Wilson et al®., reported that essential oil extracted from red thyffhymus zygis L.) has a great
inhibitory effect onBotrytis cinerea spore germination compared with other tested éis$@ils. Rahhaf
reported that clove oil completely inhibited the amljal growth of Alternaria tenuis, <lerotinia
sclerotiorum, F. solani and R. solani. Moreover, clove oil decreased faba bean disewatgxiwith 57.08%
and chickpea disease index with 51.92 %. The lesiember of faba bean decreased with 26.67 %
whereas in chickpea the lesion number decrease81®5%. Seven essential oils, namely: citral,
eugenol, geraniol, limonene, and linalool, inhibitee growth of 14 phytopathogenic fungi, includig
oxysporum, F. Moniliforme and R. bataticola®®. During studies conducted by Abdelgdl@ihd Soad &
Abdelgaleif’ where the antifungal activities of 8 essential @itgainst ten phytopathogenic fungi, a
concentration of 500 pprilentha microphylla oil completely inhibited the growth d&. culmorum, F.
oxysporum, Penicillium digitatum, R. solani and Rhizopus stolonifer. The effect of essential oils on
postharvest (e.gP. digitatum, Aspergillus flavus, Colletotricum gloeosporioides) and soilborne fungi
(e.g. Pythium ultimum, R. solani, Bipolaris sorokiniana) have been also tested. Katoetlial'®., showed
that eucalyptus essential oil in all tested conegioins (give a range of the concentrations) had
completely inhibition effect on mycelial growth &ythium ultimum and R. solani.The Eucalyptus
tereticornis Sm. essential oil caused damages and changes phaéyand chlamydospores of
F. oxysporum and also decreased the number of cohidBarrera-Nechat al’.,studied the antifungal
effects of 10 essential oils against oxysporum f. sp. gladioli. They found that essential oils of
cinnamon, clove and thyme inhibited the myceliabvgh of Fusarium sp. totally. Abdel-Kadert

al® found that clove, carawayCérum carvi L.), thyme and peppermint essential oils inhibitbe
mycelial growth ofF. solani, R. solani, Sclerotium rolfsii and Macrophomina phaseolina underin vitro
conditions.

Moreover, essential oils used to coat seeds resuita significant reduction of root rot incidermfebean,

at both pre- and post-emergence stages under gnesmleonditions. Under field conditions seeds abate
with essential oils sown in soil treated with thie-bgentT. harzianum, gave pronounced protection to
emerged bean seeds against the invasion of ropathbgenic fungiThese results show that application
of essential oils in integration with the bio-agdnharzianum may be considered as an applicable, safe
and cost-effective method for controlling such lsoihe diseases. Study of the antifungal activitylf
essential oils against six plant pathogenic funél. 6olani, M. phaseolina, F. oxysporum,
Helminthosporium sp, A. alternata andDiplodia sp.) indicated that the essential oils of caravedgve,
fennel and thyme were effective against the testedji. In addition, the antifungal activity was
dramatically enhanced against all the tested fuypagiticularly in the case of clove oil with tritott100
mixture which proved to be the most effective ‘8neluanget al*®.,showed that the fruit essential oil of
star anise I{licium verum Hook.) andtrans-anethole from anise could be developed as theralatu
fungicides (e, fumigants) for plant disease control in fruit andgetable preservation. Seema &
Devakf’ tested the fungicidal properties for 12 esseniialagainstR. solani. The results confirmed that
5 essential oils namely, cinnamon, clove and fefmaele shown promising results agaifstsolani.
Recent work shows that in eukaryotic cells, esakmiiis can act as prooxidants affecting inner cell
membranes and organelles such as mitochdAdtidhe objectives of this study were to 1) evaluhte
effect of eleven different plant volatile oils dretmycelial growth of the fungR( solani, B. theobromae
and F. oxysporum) causing the decline disease of guava, 2) asbesgffectiveness of these oils in
decreasing disease severity on guava plants ifésgtegguava decline fungi, and 3) evaluate the effiéc
these oils on both leaf chlorophyll content andgrmvth of guava plants.

MATERIALS AND METHODS
Isolation and identification of decline disease fugi:
Plant samples of guava trees showing typical deciiymptoms were collected from 39 fields from
Alexandria (three counties), El-Behera (five coesltiand Matruh (one county) governorates, Egype. Th
plant samples included 300 from roots, 106 frommsems, 195 from branches, 218 from leaves and
146 from fruits. In addition, 980 samples were ectiéd from the soil. The isolation of pathogenierdg
from diseased roots, stems and leaves was camtestoording to Ashour & Saber
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Biocontrol agents were recovered from guava rontssoil samples. Fungal cultures were then isolated
and purified by either single spore isolation oplwl tip techniqué The purified fungal isolates were
identified to the genus level by using the morpbidal characteristics according to Barnett & Huhter
Sunet al**,Wattset al*.,Snehet al*® and Leslie & Summeréfl The pure cultures of the isolated fungi

were kept on PDA slants at 4°C.
Extraction of essential oils

Essential oils were extracted from eleven floweniants (Table 1) according to Praméaal®”., These

oils were evaluated against guava decline fundh bowitro andin vivo. Various parts of plants were
collected for the extraction of essential oils. Pent materials were identified according to thégnce

of the students’ flora of EgyPt One kilogram of each plant tissues was usedxtaeting the essential
oils. The extraction method of essential oils weaeried out according to Pramit al®*,with some
modifications, e.g. each volatile oil was dried mamhydrous sodium sulphate and then kept in sealed
clean glass vials at 4°C for further biologicaldiés.

Table 1. Aromatic plants used as a source of bioctiol oils for guava decline fungi

Scientific name Family Common name Tissue type
1. Zingiber officinale Roscoe Zingiberaceae Ginger Rhizome

2. Piper nigrumL. Piperaceae Pepper Seed

3. Cinnamomum cassia (Nees& T. Nees) Lauraceae Cinnamon Dried bark
4. Eucalyptus globulus Labill. Myrtaceae Eucalyptus Leaves

5. ThymuswulgarisL. Apiaceae Thyme Seed

6. Alliumcepal. Amaryllidaceae Onion Leaves

7. Eugenia caryophyllata Thunh Myrtaceae Clove Flower buds
8. Nigellasativa L. Ranunculaceae Black seed Seed

9. PimpinellaanisumL. Apiaceae Anise Dried fruit
10. Artemisiajudaica L. Asteraceae Judean wormwood Arial parts
11. Citrustangerine Tanaka Rutaceae Tangerine Dried peel

In vitro studies

The fungitoxic activity of the essential oils waskiated using the poisoned food technique accgriin
Soad & Abdelgaleff. Fungi were grown on potato dextrose agar (PDAJioTe amended with different
concentrations of essential oils (150, 250, 500, a&d 1000 mg/l). Different concentrations of etisén
oils were prepared by dissolving the required an®im0.5 ml of 1% dimethyl sulfoxide or liquid gpa
(pril) as an emulsifier at a rate of 10 ml/l andrthmixed with PDA medium immediately before pouring
into the petri plates. A mycelial disc (0.6 cm iiardeter) of the tested fungi from the peripheryaof
fungal colony grown on PDA for a week at 25°C. Theculated PDA plates were incubated at 30°C.
Five replicates were prepared for each treatmdbf Petri dishes amended with dimethyl sulfoxide
were used as a control. The mycelial linear growdts measured when the full growth of the tested
fungus observed in the control treatment. Percentdgnycelial growth inhibition was calculated wgin

the following formula:

Mycelial growth inhibition = [(DC — DT) /DC] * 100

DC= average diameters of the fungal colony of ih&tol plate.

DT= average diameters of the fungal colony of deefitment.

In vivo studies

Based on thén vitro studies, the most potent essential oils were saleand evaluated under greenhouse
conditions against pathogenic fungi causing dediisease of guava. Plastic bags filled with sterdi
aerated sandy clay soil were inoculated with 15ggndif each fungal inoculum which had previously
been growing for two weeks on barley medium at 307 treatments were as follows:
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1) Guava transplants cultivated in non-infested sags(control).

2) Guava transplants cultivated in infested soil baigls the hyphal mixture of decline fungi.

3) Roots of guava transplants treated with essentiata@oncentration 500 mg/l, for 20 minutes then
cultivated in infested soil bags with decline fungi

4) Roots of guava transplants treated with essenitiat @oncentration 1000 mg/l, for 20 minutes then
cultivated in infested soil bags with decline fungi

5) Roots of guava transplants treated with esseniat @oncentration 1500 mg/l, for 20 minutes then
cultivated in infested soil bags with decline fungi

Disease severity (affected area per tree) was atemluafter nine months from the transplanting date.
Plants were uprooted and different measurements determined, e.g. chlorophyll content, plant hiigh
and dry weights of shoots and roots.

Statistical analysis:
All the experiments were conducted with five regles for each treatment and arranged in a randdmize
complete block design. The quantitative data obthimnvere analyzed by the statistical analysis of
variance with SAS software (SAS institffend the level of significance was determined byDLS
comparisons at the 5% probability level.

RESULTS
Isolation of guava pathogenic fungi
Seven fungal pathogens namely, oxysporum, F. solani, F. culmorum, Pythium sp., Macrophomina
phaseolina, Sclerotinia sclerotiorum, andR. solani were isolated from both guava roots and soil sempl
Out of these seven pathogenic furfgioxysporum andR. solani were the most abundant. However, the
isolation from guava branches, twigs, leaves amwmitsfrresulted in 11 pathogenic fungi namefy,
oxysporum, B. theobromae, Alternaria alternate, A. solani, Aspergillus niger, Cercospora sp.,
Cladosporium sp., Curvularia sp., Colletotrichum gloeosporioides, Helminthosporium sp. and
Phytophthora sp. The most abundant fungi from guava aerial spavere F. oxysporum and B.
theobromae. Based on the abundance of the isolated pathodeng and Koch’s postulates, the most
virulent isolates oF. oxysporum, B. theobromae andR. solani which cause decline disease of guava were
used for further studies.
In vitro studies
Fungitoxic activity of eleven different oils wassted by the poisoned food technique using potato
dextrose agar medium at six different concentratiom radial growth of guava decline pathogenic fung
namedR. solani; B. theobromae and F. oxysporum. All tested volatile oils showed toxicity to thler¢e
decline fungi (Table 2). The highest inhibitionroycelial radial growth was 78.44% in case of cloile
Conversely, the lowest reduction was 15.11% in aafsginger oil (Figure 1)R. solani was more
sensitive to volatile oils thaB. theobromae which was more sensitive thdn oxysporum (Table 3).
Fungal toxicity was increasing with concentratid@iove, judean wormwood, onion, and tangerine
volatile oils were significantly more toxic to thested fungi. The 11 studied essential oils diffaretheir
inhibition effectiveness on the mycelial growth gfiava decline disease fungi. In the caseBof
theobromae, the linear growth was completely inhibited by ttleve and judean wormwood oils at
concentration of 250 ppm, while 500 ppm concerdgraiof both pepper and tangerine oils inhibited
completely the mycelial growth (Table 3). Highemcentrations of anise (750 ppm) and onion (1000
ppm) were needed to completely inhiBittheobromae growth.

Table 2.Total inhibition of guava decline diseasashgi using 11 essential oils with five concentratits

Essential oil Fungal o ¢ innibition | Essentialoil  ~4"91 o4 of inhibition
growth growth
Control 9.00 00.00 Thyme 4.99 44 .56
Clove 1.94 78.44 Pepper 5.20 42.22
Judean wormwood 2.81 68.78 Anise 5.43 39.67
Onion 3.58 60.22 Black seed 5.83 35.22
Tangerine 3.67 59.22 Eucalyptus 6.93 23.00
Cinnamon 4.45 50.56 Ginger 7.64 15.11

Each number is a mean of 3 fungix5 concentratioephcates
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Fig. 1. Percentage of inhibition in radial growth of guavadecline fungi treated with 11 essential oi
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However, complete inhibitory concentrations of @ildracted froneucalyptus, black seed, ginger, thy
and cinnamonwere more than 1000 ppm (Table 3). In the casF. oxysporum, the linear growth was
completely inhibited by clove oil at 500 ppjudean wormwood, cinnamon and onion oils at 750 j
and tangerine, anise, black seed and thyme 0il4080 ppm (Table 3). More than 1000 p
concentrations of oils extracted fropepper, eucalyptus, and gingeeeded to completely inhibit tl
mycelial growth of F. oxysporum. The 250 ppm concentrations of clowtangerine, and judean
wormwood oils were sufficient to completely inhibite growth ofR. solani (Table 2). Moreover, th
growth of R. solani was completely inhibited by onion oil at 500 ppm anédKl seed, cinnamon a
thyme oils at 750 ppm. To completely inhibit theamlal growth ofR. solani by oils extracted from
pepper, anise, eucalyptus andggr,the concentrations were 1000 ppm (Tabl

Table 3. Effective concentrations of essential oilppm) that completely inhibited the mycelial growh of
guava decline disease fungi

L Fungi (B)
Essential oil (A) B. theobromae F. oxysporum R. solani
Clove 250 500 250
Pepper 500 >1000 1000
Tangerine 500 1000 250
Judean wormwaoc 250 750 250
Anise 750 1000 1000
Eucalyptus >1000 >1000 1000
Black seed >1000 1000 750
Ginger >1000 >1000 1000
Cinnamon >1000 750 750
Onion 1000 750 500
Thyme >1000 1000 750

In vivo studies
The most two potent essential oils, extracted fclove and jidean wormwood tissues, were selectec

further in vivo studies on 1.5 years old guava seedlings under bekhconditions to evaluate the
efficacy against guava decline disease fungi. Cluivat concentration 1500 ppm prevented comple
the infection of guava plants with decline funghile, the sam concentration ojudean wormwood oil
reduced the infection to 24.3%. Moreover, the 150t concentration of clove oil increased signifita
guava infecteglant height and dry weights of shoots and rootsmared with the healthy contr
Copyright © October, 2015; JPAB 147



Hamad, Y.K. et al
However, the judean wormwood oil at 1500 ppm enbdrgignificantly all the characters of infected
treated plants in comparison with the only infectes. There was a slight increase in the content o
chlorophyll a and b in infected plants treated vilif®0 ppm clove oil in comparison with healthy coht
ones. With respect to judean wormwood oil, the 150t concentration caused significant increasing of
guava infected-plant height, dry weights of shamts roots and the content of chlorophyll a and b in
comparison with the only infected ones but stilsi¢han the healthy control (Table 4).
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Table 4: Effect of clove and judean wormwood (JW) its at three concentrations on disease severity arsthme
plant characters of guava infected with decline fugi

Severity and some plant characters(B)

Treatments Severity % Plant height | Dry weight of Dry weight of | Chlorophyll | Chlorophyll
(ppm) A (cm) shoots(gm) roots(gm) a (mg/g) b (mg/g)
Clove JW Clove| JW| Clove JW Clove JW Clove JW  Cloye]W

Healthy/ O 00.0* 00.0 41.20 412 4809 48.9 25.7 25(711.6 | 11.6 6.7 6.7
Infected/ O 90.0 90.0 26.6 26.p 165 16.5 6.4 6/4 .8 0 0.8 0.5 0.5
Infected/ 500 38.5 59.1 31.4 278 296 29.4 1511 .311 4.0 1.8 2.1 0.9
Infected/ 1000 23.9 41.7 36.6 304 40,2 35/6 180 7.41| 85 4.5 4.2 2.4
Infected/ 1500 00.0 24.3 43.4 324 56|1 415 278 052| 118 | 7.4 7.00 3.6
Mean 30.48 43.02| 35.84 31.68 38.26 34.38 18.60 266 7.34| 5.22 4.10| 2.82

Severity: L. S. Dy.os(B) = 0.62, L. S. Q.ogdA*B) = 1.38

Dry weight of shoots L. S. Qo5B) = 1.60,
Dry weight of roots:
Plant height:

L. S. DyodA*B) = 3.58
L.S. DogB) = 1.06, L.S. DyofA*B) = 2.37
L. S. D.ogB) = 0.87,

L. S. DyofA*B) = 1.95
Chlorophyll a L. S. DyofB) = 0.20, L. S. DgofA*B) =0.46
Chlorophyll b: L. S. DgogB) =0.19, L.S. DgofA*B) =0.43

DISCUSSION

Essential oils and their components are gainingeaming interest because of their relatively stdtus,

low toxicity for people and environment due to theiatural properties, low risk for resistance
development by pathogenic microorganisms, theiddgpadability, their wide acceptance by consumers
and their exploitation for potential multipurposenétional us&**?* In some plant species, one main
constituent of the oil may predominate while in mapecies no single compound predominates and
instead there is a balance of various compoheriissential oils have been widely used for itsatffes
bactericidal®, virucidal, fungicidal and nematicidal Several workers in different countries focused on
the oils displayed great potential of antifungativity as a mycelial growth inhibitor against thested
phytopathogenic fungi such & theobromae, R. solani, Pythium irregulare, Ceratocystis pilifera,
Phragmidium violaceum, Colletotricum capsici, Phytophthora capsici, F. solani andF. oxysporum®*>2

Our results indicated that the effect of eleveffedént plant volatile oils at six different concextions on
radial growth of three pathogenic fungi isolatezhirguava showed that the highest reduction of ngjcel
radial growth was 78.44% in case of clove oil amellbwest reduction was 15.11% in case of ginder oi
R. solani was more sensitive to volatile oils th& theobromae which was more sensitive thdn
oxysporum. Fungal toxicity was increasing with the incregsiof concentrations. Clove, judean
wormwood, onion, and tangerine volatile oils weigngicantly more toxic to the tested fungi. Clowi
inhibited completely growth dB. theobromae andR. solani at 250 ppm while, the complete inhibition of
F. oxysporum occurred at 500 ppm. The effect of judean wormwoibevas similar to that of clove oil on

B. theobromae andR. solani butF. oxysporum tolerated concentration more than 500 ppm and tzieip
suppressed at 750 ppm. Onion oil stopped the grofih solani at 250 ppmF. oxysporum at 750 ppm

andB. theobromae at 1000 ppm. Tangerine volatile oil preventedghawnth ofR. solani at 250 ppmB.

theobromae at 500 ppm ané. oxysporum at 1000 ppm. Kishoret al*®. reported that clove oil, cinnamon
oil and five essential oil components (citral, eugegeraniol, limonene, and linalool) inhibitecbgith of
14 phytopathogenic fungi, includirfg oxysporum, F. moniliforme andR. bataticola. Seema & Devaki
tested the fungicidal properties for 12 essentilal @againstR. solani. The results confirmed that three
essential oils namely, cinnamon, clove, and fehagk shown promising results agaiRssolani.
Copyright © October, 2015; IJPAB
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In vivo experiments, the most two potent essential oittsaeted from clove and judean wormwood
tissues, were selected for furtharvivo studies under green house conditions to evaltiaie ¢fficacy
against guava decline disease fungi. Clove oil atcentration 1500 ppm prevented completely the
infection of guava plants with decline fungi, whillhe same concentration of judean wormwood oil
reduced the infection to 24.3%. Moreover, the 150® concentration of clove oil increased signifitan
guava infected-plant height and dry weights of $&icand roots compared with the healthy control.
However, the judean wormwood oil at 1500 ppm enbdrgignificantly all the characters of infected
treated plants in comparison with the only infecte@s. The content of chlorophyll a and b in irdect
plants treated with 1500 ppm clove oil was sliglitigreased in comparison with healthy control otes.
case of judean wormwood oil at concentration 15pfhpthere is a significant increasing of guava
infected-plant height, dry weights of shoots andtsoand the content of chlorophyll a and b in
comparison with the only infected ones but stiisié¢han the healthy control. Our results are imloary
with those reported by RahRalvho tested the antifungal activity of 7 essentitd, avhile he found that
the clove oil completely inhibited mycelia growth Alternaria tenuis, S sclerotiorum, F. solani andR.
solani. Using infested soil withR. solani, pot experiment showed the clove oil decreased tadman
disease index with 57.08% and chickpea diseaseximdh 51.92 %. Lesion number of faba bean
decreased with 26.67 % and of chickpea with 31r2b18.75 %. Also, Barrera-Neckal’. studied the
antifungal effects of 10 essential oils viz., pappet, thyme, cinnamon, clove, garlic, mexican lime
peppers and eucalyptus agaifst oxysporum f. sp. gladioli. They found that the essential oils of
cinnamon, clove and thyme inhibited the myceliavgh of Fusarium totally. Abdel-Kadert al., found
that clove, carawayQarum carvi L.), thyme and peppermint essential oils havehibbiy effects against
the mycelial growth of. solani, R. solani, S rolfsii and M. phaseolina underin vitro conditions. El-
Zemity & Soad* studied the antifungal activity of 15 essentid$ @igainst six plant pathogenic fung (
solani, M. phaseolina, F. oxysporum, Helminthosporium sp, A. alternate andDiplodia sp.). The results
indicated that the essential oils of caraway, cldeanel and thyme were effective against the teste
fungi. In addition, the antifungal activity was dratically enhanced against all the tested fungi,
particularly in case of clove oil with triton X-10@ixture which proved to be the most effective one.
Among the monoterpenoidal constituents, thymol,othymol and carvacrol showed the highest
fungicidal activity compared with other essentidloomponents used. Abdel-Kadetral®,, indicated that
the clove, caraway, thyme and peppermint esseatiglused to coat seeds resulted in a significant
reduction of root rot incidence of bean, at botke-pand post-emergence stages under greenhouse
conditions. Under field conditions seeds coatedh wisential oils at a concentration of 4% sownoih s
treated with the bio-ageft harzianum, gave pronounced protection to emerged bean seailssathe
invasion of root rot pathogenic fungihese results show that application of essentislim integration
with the bio-agent. harzianum may be considered as an applicable, safe andefestive method for
controlling such soil borne diseases.
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