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ABSTRACT

Citrus fruits are affected by the black spot digeaaused byGuignardia citricarpaResistance induction is an
alternative control measure and chitosan exhibitéeptial as resistance inducer. The effect of daitoonG.
citricarpawas evaluatedn vitro and in ‘Valencia’ oranges. Citrus fruit were immsed into different chitosan
concentrations. Chitosan (2%), combined with orhwitt thiabendazole and the citric acid was alscestigated.
All the chitosan concentrations inhibité&l citricarpamycelial growth and affected morphologically thaniclial
germination and appressorium formation. Chitosahiliited the development of new lesions in orange®am
condition or under refrigeration. Thiabendazole anittic acid did not reduce the formation of lessoBiochemical
analysis revealed that chitinasg;1,3-glucanase, peroxidase and polyphenoloxidaswites were increased in
chitosan-treated fruits. Thus, the effect of clatosn the reduction of black spots in ‘Valenciaanges could be
due to the germicidal effect on the pathogen and¥sistance induction in the fruit.
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INTRODUCTION fruit market. Six different types of symptoms are
described: false melanose, hard spot, black spot,
Orange is one of the most important worldwidefreckled spot, virulent spot, and crunched spot
commercialised fruit. This crop faces severa(Goes, 2001).
phytosanitary problems, which include the citrusThis disease is controlled in field by fungicidal
black spot, disease caused b@uignardia spraying. On postharvest, benzimidazole and
citricarpa Kiely, occurring in Africa, Asia, imazalil are used for the disease control (Fiseter
Australia and South America (Argentina, Brazilal., 2004). However, the problems caused by
and Peru) (Reis et al., 2006). It is considered a@liseases have been maximized by the development
Al quarentenary disease in Europe Union thaef pathogen resistance to fungicides and by the
limits the citrus export. The lesions on the fruitswithdrawal of some products from the market.
restrict to the skin (flavedo), not reaching theConsequently, alternative control strategies, such
albedo, and harm the fruits appearance makings natural compounds that can also induce the
unfeasible their commercialisation at the frestiesistance responses in the fruits have drawn
attention.  During the  development  of
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commercially valuable plant organs and after theiinvestigated -1,3-glucanase, chitinase,
harvest, natural disease resistance (NDR)eroxidase and polyphenoloxidase).

generally declines leading to infection, diseast an

death. In horticultural products, postharvest

diseases caused by fungi usually begin as eithfIATERIAL AND METHODS

latent infections established in the field or wound

infections during subsequent harvesting angathogen

handling. A decline in NDR can activate quiescenthe pathogerG. citricarpa was isolated from the
infections and increase disease incidence/severifard spots lesions of oranges harvested in orchards
(Terry and Joyce, 2004). at Mogi Guagu and Casa Branca, S&o Paulo State.

Vegetable tissues can show structural angultures were maintained on potato-dextrose agar
biochemical mechanisms that can contribute fofPDA) in Petri dishes at 25°C for vitro assays.

their resistance against the pathogens (Pascholati
and Leite, 1995) and the activation of latenin vitro effect of chitosan on G. citricarpa
mechanisms of resistance can occur by the actiqfevelopment

of biotic or abiotic agents (Hammerschmidt andrhe effect of chitosan on the mycelial growth of
Dann, 1997). Resistance induction can be. citricarpa was evaluated by transferring
manifested as a hypersensitive response thgiycelium discs (3 mm of diameter) to the centre
results in cell death at the penetration sitegf PDA medium plates having different
structural alteration, accumulation of reactiveconcentrations of the product (0.5, 1.0, 1.5, 2.0,
oxygen species, synthesis of secondargnd 3.0%). The chitosan was supplied by Cyrbe
metabolites and production of a range of defenceida (Sumaré, S&o Paulo State), in the
molecules (“pathogenesis related proteins” or PReoncentration of 10% diluted in citric acid. The
proteins) (Van-Loon and Van-Strien, 1999). plates were maintained at 25°C for 21 days (12 h
Chitosan is a chitin deacetilated polymer, solublghotoperiod) and colony diameter was evaluated
in organic acids that can be used as fruit coveringvery 3 days. The effect of chitosan (1%), citric
and has potential as resistance inducegcid (2%, purchased from Dindmica Quimica) and
Microscopic observations indicate that chitosafhjabendazole (200L L™) was also evaluated on
has a direct effect on the morphology of thehe mycelial growth. The experimental design was
microorganism showing the fungistatic orcompletely randomised with five replications (one
fungicidal potential. In addition to direct micrabi plate per set).

activity, studies strongly suggest that chitosarconidial germination and appressorium formation
induces a series of defence reactions correlat§gere checked by using ELISA plates. Droplets
with enzyme activities (Bautista-Bafioz et a'-’represented by 4QL of chitosan and 4QL of
2003). S ~ conidial suspension (f0conidia mL') were
Chitosan application significantieducedBotrytis  geposited inside each well of the plate. Distilled
cinerea rot in strawberries (EI Ghaouth et al.,\yater was used as control. The plate was
1992) and in grapes (Camili, 2004). El Ghaouth &faintained at 25°C for 24 h and evaluation was
a_ll. (1994) reported that Whlle_ln |_nocul_ated cohtrocarried out by counting 100 conidia per well. The
tissues of bell pepper fruit, invading hypha€gyperimental design was completely randomised
ap_peared normal_, the f_ungal cells _detected IXith eight replications (one well per set).
chitosan-treated tissue displayed various degrees

of cellular disorganization from wall loosening to|, vivo effect of chitosan in controlling the
protoplasm degradation. Structural host defencgjsck spot

responses such as formation of wall _app_os_ition§/a|encia1 oranges produced in Mogi Guacu, S&0
and plugging of intercellular spaces with fibrillar pa o State were washed with water plus detergent
material were observed in chitosan-treated tissue$;nq after that surface-sterilized with sodium
The objective of this work was to evaluate the hypochlorite (200 mg £) for 10 min. All the spots
vitro effects of chitosan on the mycelial growth,q the citrus naturally infected were marked with a
germination and apressorium formation & pen pefore treatments. Chitosan was supplied by
citricarpa and in controlling the black spot on Cyrbe Ltda (Sumaré, Sdo Paulo State) in the

postharvest ‘Valencia’ oranges. Biochemicalsgncentration of 10%, diluted in citric acid. Citru
defence mechanisms in the plant tissue were also
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fruits were immersed into the chitosan solutionslight blue (CM-curdlan-RBB). For this, 44L of
(0.5, 1.0, 1.5, 2.0, and 3.0%, v/v) and stored grotein extract was added to 7A0Q of the same
25°Ct1°C/75-85% RH in cardboard boxes. Theextraction buffer and 20QL of “CM-curdlan-
evaluations were carried out after 2, 6 and 8 day8BB” (4 mg mL%). After 20 min incubation at

of storage by counting the number of new lesiongo°C in water bath, the reaction was stopped by
on fruit skin, that appeared during storage periothdding 200uL of 1.0 M HCI. The samples were
The experimental design was completelymaintained in refrigerator=(0°C) for 10 min,
randomised with 40 fruits per treatment.followed by centrifugation at 10,0095 min. The
Regression analysis was performed. absorbance at 600 nm was determined having the
Another assay was carried out to evaluate thgytraction buffer as reference. The results were

effect of thiabendazolg480 g a.i. 100 D), expressed as specific activity (absorbance units
chitosan (2%), and both thiabendazole plugyyt mg proteirf).

chitosan. Fruits were stored at 259CC/75-85% pgroxidase activity was evaluated by measuring

RH and evaluatedo 10 days after, and undghe conversion of guaiacol in tetraguaiacol in a
and after that transferred to room condition for $pascholati, 1999). The mixture of reaction

dzyS, v]l/fhen ”}e er:/_aluation ng perforrr;]ed. Jf contained 29.L of protein extract and 2.97 mL of
The effect of chitosan at 2% (purchased frony, <. ion containing 250L of guaiacol and 306

Sigma’) diluted in citric acid (1M) and of the cg_ of hydrogen peroxide in 100 ml of 0.01 M

citric acid alone_ was also e_valuated for the cdntr hosphate buffer (pH 6.0). The reference was a 3
of blag:k spot disease. Fruits were stored at roo L solution containing 25QL of guaiacol and
condition and evaluated after 12 days. Th 06LL of hvdroaen peroxide in 100 mL of 0.01 M
experimental design was completely randomise h H h y b?‘f P P id S

with 40 replications. The results were transformed 0P ate  butter. eroxidase = activity ~was

in Vx+0.5 and compared by Tukey teBt(0.05). emﬁﬁ_rler?]sgeg ; O?Zi r%pecmc activity (absorbance units

Polyphenoloxidase activity was determinate by

: N . : measuring the conversion of cathecol to quinone,
(;ltrug fruit skin € 1 g) was obtained at different mediated by polyphenoloxidase (Duangmal and
time mtervalg after treatment O, .24’ 48, and )7’.2 h penten, 1999). Cathecol (20 mM) was dissolved
and mechanically homogenized in a mortar with n 100 r,nM sodium-phosphate buffer (pH 6,8)
mltacctatate buffetr .f(lood mg/lo OpH /52% Then, ttheProtein extract (100 pL) was mixed in 900 pL of
ef ract was centrifuged (20,009 min, al " sypstrate and absorbance was determined at 420
4°C), and the superatant was collected and us for 2 min. Results were expressed as specific

for enzyme activity and protein determination. - L o
o o : activity (absorbance unit miinmg proteirt).
Chitinase activity was evaluated by measuring the y( gp )

release of soluble fragments from

carboxymethylated chitin labelled with remazol

blight violet (CM-chitin-RBV) (Wirth and Wolf, RESULTS AND DISCUSSION

1992). For this, 4QL of protein extract was added In vitro effect of chitosan onG. citricarpa
to 810 L of the same extraction buffer and 150deve|opment

KL of CM-chitin-RBV (2 mg mL). After 20 MmN Mycelial growth of G. citricarpa was completely
incubation at 40°C in water bath, the reaction wagjipjted by all chitosan concentrations during the
stopped by adding 20QL of 1.0 M HCIL. The jncypation period (Fig. 1A). Chitosan 1% and
samples were maintained in refrigeratel@C) citric acid 2% completely inhibited the mycelial
for 10 min, followed by centrifugation at 10,000 growth, while the fungicide thiabendazole
g/5 min. The absorbance at 550 nm wasnhibited, but not completely (Fig. 1B). The total
determined having the extraction buffer asnhibition caused by citric acid could be due the
reference. The results were express as specifigy pH of the medium. Bautista-Bafios et al.
activity (absorbance units mirmg proteit). (2003) reported that chitosan completely inhibited
B-1,3-glucanase activity was evaluated byColletotrichum gloeoporioidemycelial growth at
measuring the release of soluble fragments gf.5 and 3.0%. At 0.5 and 1.5%, the growth started
carboxymethylated curdlan labelled with remazol

Biochemical analyses
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after 2 and 4 days of incubation, respectively, andpressorium deformed (data not shown).
stopped after 4 and 6 days, respectively. Plascencia-Jatomea et al. (2003) showed that
Conidial germination and apressorium formatiorchitosan caused spore aggregation and
of G. citricarpawere stimulated by chitosan whenmorphological anomalies affecting the swelling,
compared to control (Fig. 2). However, thegerm tube and spores polarization Agpergillus
conidial germination and apressorium formatiomiger.

were irregular, with both germ tube and
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Figure 1 - Effect of chitosan in various concentrations (@)d chitosan 1%, citric acid 2%,

thiabendazole 20QiL L™ (B) on in vitro mycelial growth ofGuignardia citricarpa
Control is represented by PDA culture medium withchitosan. Bars represent mean +

SD.
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Figure 2 - In vitro effect of chitosan in different concentrationsgarmination and apressorium
formation byGuignardia citricarpa
**Significant at 1% of probability.
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In vivo effect of chitosan in controlling black thiabendazole reduced the formation of new
spot lesions of black spot. However, thiabendazole
It was observed that until th&*2lay of storage the alone did not reduce it in oranges kept under
chitosan did not reduce the lesions developmentefrigeration (Fig. 4B). Chien et al. (2006)
However, after the "6 day of evaluation, the reported that a 0.1% low molecular weight
chitosan at 0.5, 1.0, 1.5, and 2% was effective inhitosan coating substantially slowed the decay of
inhibiting new lesions development (Fig. 3), andVurcott tangor stored at 15°C in relation to a
did not show phytotoxicity to ‘Valencia’ oranges. control treatment and reduced decay by over 20%
At room condition (Fig.4A) and under as compared to the fungicide thiabendazole.
refrigeration (Fig. 4B), chitosan alone or with

16
A & 2nd y=-0.2x3+0.72x2-0.47x+0.54 R? = 0.75"
12 | | 6th y=1.57x?-5.15x+7.72 R?> = 0.87**
A 8th y=2.49x?-8.38x+12.96 R? = 0.74**
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[0}
-

o
L 3
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Figure 3 - Effect of chitosan on black spot in ‘Valenciaaages stored at 252C°C/75-85% RH
and evaluated af'% 6" and &' days after treatment.
**Significant at 1% of probability?*Not significant.
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Figure 4 - Effect of chitosan and thiabendazole on blacst $p ‘Valencia’ oranges. (A) Stored at
25°Ct1°C/75-85% RH and evaluated 10 days after treatniBhtStored at 3°C+1°C/90-
95% RH for 21 days and transferred to room condlifar 5 days, then evaluated. Results
transformed toV(x+0,5). Values with the same letters are not stally different
(P=0.05) and the bars are the means = SE. Treatrmen®ontrol; 2- Thiabendazole (480 g
a.i. 100 ); 3- Chitosan 2%; 4- Thiabendazole + Chitosan.
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The storage of citrus under refrigerationWhen compared to citric acid or control
contributes for reduction of black spot diseasetreatments, only the chitosan, diluted in citriadac
Refrigeration is the main physical method toreduced the development of black spots (Fig. 5).
prolong the postharvest life of fruits and inhibit ElI Ghaouth et al. (1997) reported that chitosan
delay the pathogens development (Benato et ahlight have prevented the maceration of bell
2001). pepper tissue bR. cinerea because not only was
These results showed that chitosan couléffective in reducing the production of
contribute for the reduction of black spot diseaspolygalacturonases by fungus, but also caused
in ‘Valencia’ oranges. Some studies showed thatevere cytological damage to invading hyphae.
chitosan controlled postharvest diseases in bellhis could, in part, explain the limited ability of
pepper, papaya, apple, lemon, and oranges (Ele pathogen to colonize tissues in the presence of
Ghaouth et al., 1994, Bautista-Bafios et al. 200Zhitosan.

El Ghaouth et al., 2000).

40 ¢ ¢
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Figure 5 - Effect of chitosan and citric acid on black spot‘Valencia’ oranges stored at
25°Ct1°C/75-85% RH, and evaluated 12 days after treatnRasults transformed to
J(x+0,5). Values with the same letters are notstiatlly different P=0.05) and bars
are the means + SE.

Biochemical analyses Penicillium  digitatum development.  The
The increase in the activity of chitinag®;1,3- participation off3-1,3-glucanase in flavedo in the
glucanase, polyphenoloxidase, and peroxidase wdgfence of citrus fruit againBt digitatumhas also
demonstrated as result of chitosan application ibeen shown (Fajardo et al., 1998; Porat et al,
‘Valencia’' oranges, 24 h after chitosan treatmen2001). El Ghaouth et al. (1994) attributed the
(Fig. 6). This change in enzyme activity caninhibitory effect of chitosan to the combination of
contribute for the reduction of black spots, sincantifungal activity and resistance responses.
these enzymes are involved in defence respons€hitosan elicited peroxidase activity and lignin
against pathogens. The induction of defencaccumulation in wheat leaves, chitosanase in bell
enzymes in fruit tissues by chitosan can b@eppersand chitinase and peroxidase in cucumber
important in delaying the development of(Vander et al., 1998; El Ghaouth et al., 1994; Ben-
quiescent infections that, typically, become activeShalom, 2003). Thus, the protective effect of
when the tissue resistance declines. chitosan in ‘Valencia’ oranges seems to be a
Ballester et al. (2006) reported that peroxidasesombination of the antifungal property and of the
and phenylalanine ammonia-liase showed higheibility of the product in inducing defence
activity in flavedo that was more resistant toresponses in fruits.
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Figure 6 - Chitinasef3-1,3-glucanaseperoxidase, and polyphenoloxidase activities inléviaia’
orange skin treated with chitosan. Enzyme actidpressed as UAbs minmg
protein’. Bars represent means + SE.

*Statistically different P=0.05).

CONCLUSION RESUMO

Chitosan exhibitedn vitro antifungal effects on Frutos citricos sdo afetados pela mancha preta dos
Guignardia citricarpaand potential to control the citros, causada poiGuignardia citricarpa A
development of black spot lesions on ‘Valenciaindu¢do de resisténcia € uma alternativa de
postharvest oranges, stimulating defence responsesntrole e a quitosana exibe potencial como
in citrus skin. indutor de resisténcia. O efeito da quitosana sobre
G. citricarpa foi avaliadoin vitro e em laranjas
‘Valéncia'. Frutos citricos foram imersos em
ACKNOWLEDGEMENTS diferentes concentragfes de quitosana. Quitosana
(2%), associada ou ndo com tiabendazol e acido
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micelial de G. citricarpa e afetaram EI Ghaouth, A., Arul, J., Grenier, J., and Assekn,
morfologicamente a germinagdo dos conidios e @992), Antifungal activity of chitosan on two
formacdo de apressérios. Quitosana inibiu ostharvest  pathogens  of  strawberry  fruits.

desenvolvimento de novas leses em laranjas eppytopathology82, 398-402.
I El Ghaouth, A., Arul, J., Wilson, C., and Benhamilu,

_(I:_c_)néj |g<()jes | aml),le_r(;te 'te' SO? re(;‘rlg_e racao. (1994), Ultrastructural and cytochemical aspects of
labéndazol € acldo CIrco nao reauziram O o offect of chitosan on decay of bell peppertfrui

aparecimento de novas lesdes.  Analises ppysjological and Molecular Plant Patholagy4,
bioguimicas revelaram que atividades de quitinase,417-432.

B-1,3-glucanase, peroxidase e polifenoloxidas€l Ghaouth, A., Arul, J., Charles, W., and Benhamou
aumentaram em frutos tratados com quitosana.N. (1997), Biochemical and cytochemical aspects of
Portanto, a capacidade da quitosana na reducéo dthe interactions of chitosan arigbtrytis cinereain

mancha preta em laranja ‘Valéncia’ pode ser bell peper fruitPostharvest Biology and Technology

devida ao efeito germicida sobre o patégeno e/ou a2 183-194.
g patog Eaf Ghaouth, A., Smilanick, J.L., and Wilson, C. (2),

inducdo de resisténcia no tecido do fruto. Enhancement of the performance dtandida

saitoana by the addition of glycolchitosan for the
control of postharvest decay of apple and citrug.fr
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