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Abstract: Blue mold disease caused by Penicillium expansum is a major postharvest disease of apples. In this research, the biochemical basis of apple
resistance to this pathogen was studied in two relatively resistant and
susceptible cultivars, Granny smith and Mashhad, respectively. The activities
of catalase (CAT), peroxidase (POX), superoxide dismutase (SOD) and
polyphenol oxidase (PPO) enzymes and polyphenol content were compared at
different time intervals of 0 to 7 days. Based on the results, fruit polyphenol
content of Granny smith was higher than that of Mashhad PPO, SOD and CAT
activity was higher in Granny smith than Mashhad but CAT activity decreased
three days post-treatment. No detectable difference was found in POX
activities in the two cultivars. It is concluded that polyphenols contribute in
apple resistance to blue mold. Activation of PPO and SOD, lack of POX
activity and decrease of CAT activity, all together, could lead to a toxic
environment around the blue mold fungus.
Keywords: Penicillium expansum, blue mold, apple, pathogenesis-related
protein
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al., 1971). It also produces Patulin, a
mutagenic, immunotoxic and neurotoxic
mycotoxin which is particularly noxious in
apple juice industry (Bracket and Marth, 1979).
Control of post-harvest pathogens relies on
the use of synthetic fungicides, biological
control, sanitation and various physical
treatments (e.g., heat, UV radiation) (Janisiewicz
and Korsten, 2002; Lurie, 1998; Wilson and
Wisniewskim, 1994). Current reports also
indicate
some
differences
in
relative
susceptibility levels of apple cultivars against
post-harvest decays, and opening a new venue to
use decay resistant cultivars as a control measure
(Cappellini et al., 1987; Janisiewicz and
Peterson, 2004; Spotts et al., 1999; Janisiewicz
et al., 2008, Naeem Abadi et al., 2014).
Obviously, it is valuable to study the
interactions between post-harvest decay agents
and apple fruit during post-harvest storage.

Introduction

Some reported values of disease losses show
that approximately 10-30% of harvested fresh
horticultural crops is lost due to post-harvest
spoilage in developed countries, whereas losses
are even greater, up to 10-50% in developing
countries in which sanitation and refrigeration
are lacking or minimal (Eckert and Ogawa,
1985). More than 90 fungal species have been
described as causal agents of apple decay
during storage (Jones and Aldwinckle, 1990).
Blue mold decay caused by Penicillium
expansum Link. is the most important postharvest diseases of apple worldwide (Pierson et
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Although harvested products also possess
inducible defensive responses, this potential has
not received the attention it deserves. Activating
biochemical defense responses in harvested
tissue through prestorage treatment with UV
light (Mercier et al., 1993; Rodov et al., 1994,
Lu et al., 1999) and antagonistic yeasts (Droby et
al., 1994; El Ghaouth et al., 2003) suggest that
intensification of defense mechanisms has
potential in reducing post-harvest decay. Results,
which are consistent with the temporal and
spatial induction of pathogenesis-related (PR)
proteins (Sticher et al., 1997), show that apple
fruits are capable of responding to microbial
attack as seen in other crops. In several plantpathogen interactions, the induction and
accumulation of PR proteins are often correlated
with the onset of induced resistance (Ryalls et
al., 1996; Sticher et al., 1997). Polyphenol
oxidase (PPO) is one of PR proteins abounding
with and accounting for resistance in a variety of
plant taxa (Zhu et al., 2008; Raj et al., 2006).
They act in defense by generating toxic quinones
and forming physical barriers to pathogen by
cross-linking plant cell wall proteins. Peroxidase
(POX) can also contribute to plant defense by
decomposing H2O2 in lignification and
suberization processes, leading to strengthening
plant cell wall around invading pathogen
(Zhulong and Shiping et al., 2006). Superoxide

Abadi et al., 2014). The isolate was
maintained on acidified potato dextrose agar
(1.5 ml per litre lactic acid) slants at 25 ºC.
Spore suspension was prepared from a 7-dayold culture with sterile distilled water
containing 0.5% Tween-80 and mixed for 1
min to break spore chains. Spore concentration
was determined with a haemocytometer and
adjusted to obtain 5000 spores per ml to be
used as inoculum (Spotts et al., 1999).

dismutase (SOD) catalyses dismutation of O2− to
H2O2, leading to H2O2 accumulation around
pathogen (Torres et al., 2003). Changes in
phenolic content is also considered as part of
plant defense responses. They may be readily
polymerized by oxidation and the oxidized forms
can restrict lesion formation associated with
invading pathogen (Lattanzio et al., 2001). The
objective of this research was to study
contribution of PPO, SOD, CAT and POX
enzymes in resistance of apple fruit to P.
expansum.

Polyphenol measurement
For Polyphenol extraction, fruit flesh tissue
(10.0g) was homogenized in 100ml of ice-cold
80% acetone. The homogenate was filtered
through two layers of microcloth and centrifuged
at 6,000 rpm for 30 min. The extraction was
repeated twice and the supernatants combined
and used as polyphenol source. The total
phenolic contents were measured using
colorimetric Folin-Ciocalteu method (Singleton
et al., 1999). A volume of 1.58 ml deionized
water and 20 μl extract were mixed with 100μl
Folin-Ciocalteu reagent (Merck) and allowed to
react for 3 min. Then, 500 μl 20% sodium
carbonate solution was added and the color
developed after 120 min was read at 650 nm.
The measurement was compared to a standard
curve prepared for gallic acid solutions (50, 100,

Fruit inoculation
Fruits were harvested from Apple Collection
Orchard of seed and Plant improvement
Institute, Karaj, at commercial maturity dates.
Based on our previous survey, Mashhad
genotype and Granny smith cultivar were used
as susceptible and resistant control, respectively
(Naeem Abadi et al., 2014). Mature fruits were
surface disinfected with 70% ethanol and rinsed
twice with sterile water, each fruit was
wounded with a metal device (3 mm in
diameter, 3 mm depth) at the equatorial region.
The pores were filled with 20 μl inoculums,
placed in humid polyethylene bags at 25 °C and
lesion diameter was recorded after 10 days
(Spotts et al., 1999). Control fruits were not
inoculated. The experiment was conducted in a
completely randomized design in 3 replicates.

Materials and Methods
P. expansum isolate and inoculum
A local P. expansum strain already isolated
from a decaying apple fruit was used (Naeem-
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150, 250 and 500 mg/l) and expressed as
milligrams of gallic acid equivalents per 100 g
fruit flesh for the triplicate extracts.

tetrazolium (NBT), 10 µM EDTA and 2 µM
riboflavin (Wang et al., 2004). The reaction
was illuminated by placing the solutions in 30
cm distance from a 15W fluorescent lamp for
10 min and the absorbance was then determined
at 560 nm. Identical solutions held in the dark
served as blanks. The specific activity was
expressed as units per mg protein where one
unit of SOD was defined as the amount of
enzyme that caused a 50% decrease of the
SOD-inhibitable NBT reduction. All enzymatic
activity data represent the mean of three
individual fruits at each time course. Fruitsoluble protein content was determined
according to Bradford method (1976) with
bovine serum albumin (Sigma) as standard.

Enzyme extraction
Approximately 10 g fruit, 2 mm away from
infection site, was sampled using a knife at
various time intervals (1, 3, 5 and 7 days after
treatment), homogenized in 25 ml ice-cold 100
mM phosphate buffer pH 6.4 containing 0.5 g
polyvinyl pyrrolidone (PVP). The homogenate
was then centrifuged at 6000 rpm for 50 min in
a refrigerated device and the supernatant used
for determining activities of POX, PPO and
SOD enzymes. For CAT extraction, the same
method was used in 0.05 M phosphate buffer
(pH 7.0).

Statistical analysis
All data were analyzed by one-way analysis of
variance (ANOVA) with SAS 9.0 software.
Duncan’s Multiple Range Test (P≤0.05) to
separate means was applied to compare
treatments.

Enzyme activity
For POX assessment, 0.5 ml crude extract was
added to 2 ml of 100 mM phosphate buffer (pH
6.4) containing 8 mM guaiacol and after 5 min
incubation at 30º C, 1 ml of 24 mM H2O2 was
added to solution. The POX activity was
determined by measuring the increase in
absorbance at 460 nm for 4 min and the specific
activity was expressed as ∆OD460/min/mg
protein (Jiang et al., 2002).
For CAT activity Beers and Sizer (1952)
method was used. Based on this method, 0.5 ml
crude extract was added to 2 ml of 50mM
phosphate buffer (pH7.0) and mixed with 0.5
ml of 40 mM H2O2 and the decline in
absorbance at 240 nm was determined for 2
min. The specific activity was expressed in
units per mg protein, where one unit of catalase
converts one µmol of H2O2 per min. Wang et
al. (2004) method was used for PPO
assessment. Briefly, 0.5 ml of enzyme
preparation was incubated in 3.0 ml 100 mM
phosphate buffer (pH 6.8) containing 500 mM
catechol (standard analytical grade) at 30 ºC
and the change in absorbance at 398nm was
determined for 10 s. The specific activity was
expressed as ∆OD398/min/mg protein. For SOD
estimation, 0.1 ml crude extract was added to 3
ml 50 mM phosphate buffer (pH 7.8) containing
13 mM methionine, 75 µM nitro-blue

Results and Discussion
Polyphenol content
Polyphenol content of the challenged fruits by
P. expansum was generally higher than the
control (healthy) fruits (mean 46.5 and 36.2 mg
gallic acid equivalents/100g fruit, respectively,
P ≤ 0.01), indicating P. expansum inoculation
of apple increased phenolic amounts. Higher
polyphenol content in healthy tissues than
infected grapevines tissues with Uncinula
necator has been reported by Baruah and
Chowfla (1994), while Kumar (1991) and
Sharma and Chowfla (1991) reported higher
amounts of polyphenols in virus-infected than
in healthy Amaranthus caudatus L. tissues. In
Golden delicious apples, phenolic content was
higher in infected tissues surrounding the rotten
zone caused by Phlyctema vagabunda
compared to healthy tissue of the same fruit
(Lattanzio et al., 2001). Apparently, the first
stage of apple defense involves rapid
accumulation of phenols at infection site, which
slow down the growth of the pathogen.
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Lattanzio et al. (2001) showed that in cold
stored Golden Delicious apples, when rot
caused by P. vagabunda appears in infected
tissues surrounding the rotten zone, a general
increase in phenolic levels was observed,
compared to a healthy tissue of the same fruit.
In P. expansum-infected fruits, polyphenol
content differed between the two cultivars
studied. It has been already demonstrated that
apple phenolic contents is dependent on many
factors including cultivar, maturity stage,
environmental conditions and the part of the
fruit used (Drogoudi Wolfe et al., 2003;
D'Abrosca et al., 2007).
The polyphenol content was higher in
resistant (Granny smith) than the susceptible
cultivar (Mashhad) (mean 58.2 and 35.3 mg
gallic acid equivalents/100g fruit, respectively, P
≤ 0.01) suggesting polyphenols acontribute to
apple protection against invading stimuli.
Polyphenols are involved in many defense
responses. They play an important role in
restricting lesion formation associated with the
brown rot disease of resistant apple varieties to
Sclerotinia fructigena (Byrde et al., 1960) and in
the defense of apple leaves against the scab
fungus Venturia inaequalis (Mayer et al., 1997).

supported greater bacterial numbers (Li and
Steffens, 2002). PPOs are ubiquitous coppercontaining enzymes which use molecular
oxygen (O2) to oxidize common orthodiphenolic compounds such as caffeic acid and
catechol to their respective quinones. They can
function in defense through: (1) general toxicity
of PPO-generated quinones to pathogens and
plant cells, (2) alkylation and reduced
bioavailability of cellular proteins to the
pathogen, (3) cross-linking of quinones with
protein or other phenolics, forming a physical
barrier to pathogens in the cell wall, and (4)
quinone redox cycling leading to H2O2 and
other reactive oxygen species (via Li and
Steffens, 2002).
Changes in phenolic content and PPO activity
may be considered as a part of defense response
of apple cells to blue mold. There are many
phenolic compounds present in plant tissues with
no anti-microbial activity per se but the
oxidation products of these pre-existing
phenolics might have antimicrobial activity
through inhibition of the cell wall degradation by
extracellular enzymes produced by pathogens
(Lattanzio et al., 2006). In addition, many
simple, low molecular phenolic compounds
present in plants may be readily polymerized by
oxidation and the oxidized phenolics products,
can restrict lesion formation associated with
pathogen invasion (Lattanzio et al., 2001). Postinfectional
accumulation
of
preexisting
phenolics, provides an adequate substrate to the
increased PPO activity. PPO, consuming oxygen
and producing fungitoxic quinones, makes the
medium unfavorable for further development of
pathogens. Phenolic oxidation products could
have an antifungal action by polymerizing and
forming a protective seal on cell wall and
decreasing nutrients essential for the fungal
development. Oxidized phenolics in resistant
varieties of apple play an important role in the
restricted lesion formation associated with the
brown rot disease of fruits caused by Sclerotinia
fructigena Aderh. (Byrde et al., 1960) or with
rotting of stored Golden Delicious apples caused
by Phlyctaena vagabunda (Lattanzio et al.,
2001).

CAT, SOD, POX and PPO activities
Activity of all enzymes in healthy noninoculated fruits remained unchanged and was
lower than those of the P. expansum-infected
fruits, indicating activation of apple defense
reponses upon encountering external stimulus
via inoculation. PPO activity was higher in
Granny smith than Mashhad (Fig. 1). It
continuously increased in Granny smith but
declined after five days post-inoculation in
Mashhad, indicating it possibly was a key
element in apple defense against blue mold.
Contribution of PPO enzyme in defense
responses has been described in a variety of
plant taxa (Liu et al., 2005; Cao et al., 2005;
Zhu et al., 2008). Direct evidence for its role in
defense comes from PPO-overexpresing
transgenic tomato plants with reduced
Pseudomonas syringae pv. tomato growth
whereas PPO antisense-suppressed lines
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Figure 1. Changes in PPO, POX, CAT and SOD activities, during time course of 7 days, in apple fruits
inoculated with Penicillium expansum. Data means ± S. E. of three replicates. A: Granny smith fruit inoculted
with P. expansum; B: healthy Granny smith (control); C: Mashhad fruit inoculted with P. expansum, D: healthy
Mashhad fruit (control).

POX activity remained unchanged during the
time course of the study and was not different
between the two cultivars indicating it was not a
key element in apple defense against blue mold.
In a number of studies, it has been demonstrated
that POX contributed to plant defense by
decomposing H2O2 in lignification and
suberization processes, leading to strengthening
of plant cell wall around pathogen (Zhulong and
Shiping et al., 2006). On the other hand, lack of
POX activity can lead to H2O2 accumulation and
creation of a toxic environment around invading
pathogen (Mittler, 2002).

Although CAT activity was higher in
Granny smith than Mashhad, it started to
decrease three days post-treatement. CAT
cleaves H2O2 to oxygen and water. It is possible
that early elicitation of CAT activity was
blocked in successive stages of disease
development, leading to accumulation of toxic
H2O2 around the pathogen. Similarly, a defense
elicitor (BTH), acted in part by inhibiting CAT
activity in peach, pear and mango fruits leading
to accumulation of toxic H2O2 against
development of invading pathogens (Liu et al.,
2005, Zhu et al., 2008; Cao et al., 2005).
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SOD activity was generally higher in
Granny smith than Mashhad. It increased
during the time course of the study, reached its
peak value three days after treatment and
started to decrease afterward. SOD catalyses

of protein-dye binding. Annals of
Biochemistry, 72: 248-250.
Byrde, R. J. W., Fielding, A. H., and Williams,
A. H. 1960. The role of oxidized
polyphenols in the varietal resistance of
apples to brown rot. In: Pridham, J. B. (Ed.),
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Rehd.) fruit against infection by Penicillium
expansum by post-harvest infiltration of
Acibenzolar-S-methyl. Phytopathology,153:
640-646.
Cappellini, R. A., Ceponis, M. J. and Lightner,
G. W. 1987. Disorders in apple and pear
shipments to the New York market, 19721984. Plant Disease, 71: 852-856.
D’Abrosca, B., Pacifico, S., Cefarelli, G.,
Mastellone, C. and Fiorentino, A. 2007.
‘Limoncella’ apple, an Italian apple cultivar:
phenolic and flavonoid contents and
antioxidant activity. Food Chemistry, 104:
1333-7.
Droby, S. and Chalutz, E. 1994. Mode of action
of biocontrol agents for post-harvest
diseases. In: Wilson, C. L. and Wisniewski,
M. E. (Eds.), Biological Control of PostHarvest Diseases of Fruits and Vegetables,
Theory and Practice. CRC Press, Boca
Raton, FL., pp. 63-75.
Drogoudi Wolfe, K., Wu, X. and Liu, R. H.
2003. Antioxidant activity of apple peels.
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Eckert, J. W. and Ogawa, J. M. 1985. The
chemical control of post-harvest diseases:
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M. 2003. Control of post-harvest decay of
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Phytopathology, 93: 344-348.
Janisiewicz, W. J. and Peterson, D. L. 2004.
Susceptibility of stem pull area of
mechanically harvested apples to blue mold
decay and its control with biocontrol agent.
Plant Disease, 88: 662-664.

dismutation of O2− to H2O2. In a diseaseresistant apple fruit, elevation of SOD activity
and H2O2 level was observed and was suggested
that SOD activation leads to accumulation of
H2O2 around pathogen. In apple cv. Golden
delicious challenged with blue mold, an
increased level of SOD activity was associated
with a significant increase in H2O2 while POX
and CAT activities remained unchanged (Torres
et al., 2003).
Overall, comparison of activities of four
defensive enzymes between resistant and
susceptible aaple cultivars indicated that
activation of PPO and SOD and accumulation
of phenolic compounds are involved in apple
defense against blue mold. Our result are
consistent with those of Torres et al. (2003)
indicating a role of H2O2 in apple defense
against blue mold through activation of SOD
and PPO concomitant with CAT inactivation.
H2O2 is therefore suggested as being a key
element in apple defense against P. expansum
(Torres et al., 2003).
References
Baruah, B. P. and Chowfla, S. C. 1994.
Physicochemical changes in healthy and
turnip mosaic virus ordinary strains infected
cauliflower. Indian Journal of Hill Farming,
71: 57-61.
Beers, Jr., R. F., Sizer, I. W. 1952. A
spectrophotometric method for measuring
the breakdown of hydrogen peroxide by
catalase. Journal Biological Chemistry, 95:
133-140.
Bracket. R. E. and Marth, E. H. 1979. Patulin
in apple Juice form Roadside Stands in
Wisconsin. Journal of Food Protection, 42:
862-3.
Bradford, M. M. 1976. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principles

354

Naeem-Abadi and Keshavarzi ________________________________________ J. Crop Prot. (2016) Vol. 5 (3)

Janisiewicz, W. J., Saftner, R. A., Conway, W.
S. and Forsline, P. L. 2008. Preliminary
evaluation of apple germplasm from
Kazakhstan for resistance to post-harvest
blue mold in fruit by Penicilluim expansum.
Horticultural Sciences, 43: 420-426.
Janisiewicz, W. J. and Korsten, L. 2002.
Biological control of post-harvest disease of
fruit. Annual Review of Phytopathology, 40:
411-441.
Jiang A. L., Tian, S. P., Xu, Y. 2002. Effects of
controlled atmosphere with high CO2
concentartions on post-harvest physiology
and storability of Napoleon sweet cherry.
Acta Botanica Sinica, 44: 925-930.
Jones, A. L., and Aldwinckle, H. S. 1990.
Compendium of Apple and Pear Diseases.
American Phytopathological Society Press,
St. Paul, MN, 100 pp.
Kumar, N. N. U. 1991. Effect of mosaic virus
on physiology of mulberry. Advances in
Plant Sciences, 4: 183-185.
Lattanzio V., Veronica, M. T., Lattanzio and
Cardinali, A. 2006. Role of phenolics in the
resistance mechanisms of plants against
fungal pathogens and insects. In: Imperato,
F. (Ed.), Phytochemistry: Advances in
Research, Research Signpost, Kerala, India.
Lattanzio, V., Di Venere, D., Linsalata, V.,
Bertolini, P., Ippolito, A. and Salerno, M.
2001. Low temperature metabolism of apple
phenolics and quinscence of Phlyctaena
vagabunds.
Agriculture
and
Food
Chemistry, 49: 5817-5821.
Li, L. and Steffens, J. C. 2002. Overexpression
of polyphenol oxidase in transgenic tomato
plants results in enhanced bacterial disease
resistance. Planta, 215: 239-247.
Liu, H. M., Jiang, W., Bi, Y. and Luo, Y. 2005.
Post-harvest BTH treatment induces
resistance of peach (Prunus persica L. cv.
jiubao) fruit to infection by Penicillium
expansum and enhances activity of fruit
defense mechanisms. Post-harvest Biology
and Technology, 35: 263-269.
Lu, J. Y., Stevens, C., Khan, V. A., Kabye, M.,
and Wilson C. L. 1999. The effect of
ultraviolet irradiation on shelf-life and

ripening of peaches and apples. Food
Quality, 14: 299-305.
Lurie, S. 1998. Post-harvest heat treatments of
horticultural crops. Horticultural Review,
22: 91-121.
Mayer, U., Michalek, S., Treutter, D. and
Feucht, W. 1997. Phenolic compounds of
apple and their relationship to scab
resistance. Journal of Phytopathology, 145:
69-75.
Mercier, J., Arul, J., Ponnampalam, R., and
Boulet, M. 1993. Induction of 6methoxymellein and resistance to storage
pathogens in carrot slices by UV-C.
Phytopathology, 137: 44-55.
Mittler, R. M. 2002. Oxidative stress,
antioxidants and stress tolerance. Trends in
Plant Sciences, 7: 405-410.
Naeem Abadi, T., Keshavarzi, M., Alaee, H.,
Hajnajari, H., and Hoseinava, S. 2014. Blue
mold (Penicillium
expansum) decay
resistance in apple cultivars and its
association with fruit physicochemical traits.
Journal of Agricultural Sciences and
Technology, 16: 635-644.
Pierson, C. F., Ceponis, M. J. and McColloch,
L. P. 1971. Market Diseases of Apples,
Pears, and Quinces. Agricultural Handbook,
US Department of Agriculture, 376 pp.
Rodov, V., Ben-Yehoshua, S., Albaglis, R. and
Fang, D. 1994. Accumulation of phytoalexins
scoparone and scopoletin in citrus fruits
subjected to various post-harvest treatments.
Acta Horticulturae, 381: 517-523.
Ryalls, J., Neuenschwander, U., Willits, M.,
Molina, A., Steiner, H. Y., and Hunt, M.
1996. Systemic acquired resistance. The
Plant Cell, 8: 1809-1819.
Sharma, P. N. and Chowfla, S. C. 1991. Some
metabolic changes in Amaranthus caudatus
L. infected with Amaranthus mosaic virus.
Plant Disease Research, 6: 61-62.
Singleton, V. L., Orthofer, R. and LamuelaRavento´s, R. M.1999. Analysis of total
phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu
reagent. Methods in Enzymology, 299:
152-178.

355

Protective enzymes in apple against blue mold _________________________________________ J. Crop Prot.

Spotts, R. A., Cervantes, L. A., and Mielke, E.
A. 1999. Variability in Post-harvest decay
among apple cultivars. Plant Disease, 83:
1051-1054.
Sticher, L., Mauch-Mani, B., and Metraux, J. P.
1997. Systemic acquired resistance. Annual
Review of Phytopathology, 35: 235-270.
Torres, R., Valentines, M. C., Usall, J., Vi˜nas,
I. and Larrigaudi`ere, C. 2003. Possible
involvement of hydrogen peroxide in the
development of resistance mechanism in
‘Golden Delicious’ apple fruit. Post-harvest
Biology and Technology, 27: 235-242.
Wang, Y. S., Tian, S. P., Xu, Y., Qin, G. Z. and
Yao, H. 2004. Changes in the activities of
pro- and anti-oxidant enzymes in peach fruit
inoculated with Cryptococcus laurentii or
Penicillium expansum at 0 or 20 C. Postharvest Biology and Technology, 34: 21-28.

Wilson, C. L. and Wisniewski, M. E. 1994.
Biological Control of Post-Harvest
Disease of Fruit and Vegetables, Theory
and Practice. CRC press, Boca Raton, FL.,
USA.
Zhu, X., Cao J., Wang, Q. and Jiang, W. 2008.
Post-harvest infiltration of BTH reduces
infection of mango fruits (Mangifera indica
L. cv. tainong) by Colletotrichum
gloeosporioides and enhances resistance
inducing compounds. Phytopathology, 156:
68-74.
Zhulong, C. and Shiping, T. 2006. Induction of
H2O2-metabolizing enzymes and total
protein synthesis by antagonistic yeast and
salicylic acid in harvested sweet cherry fruit.
Post-harvest Biology and Technology, 39:
314-320.

356

)Naeem-Abadi and Keshavarzi ________________________________________ J. Crop Prot. (2016) Vol. 5 (3

ﻣﺸﺎرﮐﺖ آﻧﺰﯾﻢﻫﺎي دﻓﺎﻋﯽ و ﻓﻨﻞ ﮐﻞ در ﻣﻘﺎوﻣﺖ ﺳﯿﺐ ﻋﻠﯿﻪ ﮐﭙﮏ آﺑﯽ )(Penicillium expansum
*2

ﺗﻬﻤﯿﻨﻪ ﻧﻌﯿﻢآﺑﺎدي 1و ﻣﻨﺼﻮره ﮐﺸﺎورزي

 -1داﻧﺸﮕﺎه وﻟﯿﻌﺼﺮ رﻓﺴﻨﺠﺎن ،رﻓﺴﻨﺠﺎن ،اﯾﺮان.
 -2ﻣﺆﺳﺴﻪ ﺗﺤﻘﯿﻘﺎت ﺑﺎﻏﺒﺎﻧﯽ ،ﮐﺮج ،اﯾﺮان.
* ﭘﺴﺖ اﻟﮑﺘﺮوﻧﯿﮑﯽ ﻧﻮﯾﺴﻨﺪه ﻣﺴﺌﻮل ﻣﮑﺎﺗﺒﻪkmansureh@gmail.com :
درﯾﺎﻓﺖ 18 :ﻣﺮداد 1394؛ ﭘﺬﯾﺮش 13 :ﻓﺮوردﯾﻦ 1395
ﭼﮑﯿﺪه :ﮐﭙﮏ آﺑﯽ ﺑﺎ ﻋﺎﻣـﻞ  Penicillium expansumﺑﯿﻤـﺎري اﻧﺒـﺎري ﻣﻬﻤـﯽ در ﺳـﯿﺐ اﺳـﺖ .در اﯾـﻦ

ﺗﺤﻘﯿﻖ ،ﻣﺒﻨﺎي ﺑﯿﻮﺷﯿﻤﯿﺎﯾﯽ ﻣﻘﺎوﻣﺖ ﺑﻪ اﯾﻦ ﻗﺎرچ در دو رﻗﻢ ﺳﯿﺐ ﻣﻘﺎوم و ﻧﺴﺒﺘﺎً ﺣﺴﺎس ،ﺑﻪﺗﺮﺗﯿﺐ ﮔﺮاﻧﯽ
اﺳﻤﯿﺖ و ﻣﺸﻬﺪ ،ﺑﺮرﺳﯽ ﺷﺪ .ﻓﻌﺎﻟﯿﺖ آﻧـﺰﯾﻢﻫـﺎي ﮐﺎﺗـﺎﻻز ،ﺳﻮﭘﺮاﮐـﺴﯿﺪدﺳﻤﻮﺗﺎز ،ﭘﺮاﮐـﺴﯿﺪاز و ﭘﻠـﯽﻓﻨـﻞ
اﮐﺴﯿﺪاز و ﻣﺤﺘﻮاي ﭘﻠﯽﻓﻨﻠﯽ ﻣﯿﻮه دو رﻗﻢ در ﻃـﻮل ﯾـﮏ دوره ﻣﻄﺎﻟﻌـﺎﺗﯽ ﺑﺮرﺳـﯽ ﺷـﺪ .ﺑﺮاﺳـﺎس ﻧﺘـﺎﯾﺞ،
ﻣﺤﺘﻮاي ﭘﻠﯽﻓﻨﻠﯽ ﻣﯿﻮه رﻗﻢ ﮔﺮاﻧﯽ اﺳﻤﯿﺖ ﺑﯿﺶ از ﻣﺸﻬﺪ ﺑﻮد .ﻓﻌﺎﻟﯿـﺖ ﭘﻠـﯽﻓﻨـﻞ اﮐـﺴﯿﺪاز ،ﺳﻮﭘﺮاﮐـﺴﯿﺪ
دﺳﻤﻮﺗﺎز و ﮐﺎﺗﺎﻻز در ﮔﺮاﻧﯽ اﺳﻤﯿﺖ ﺑﯿﺶ از ﻣﺸﻬﺪ ﺑﻮد اﻣﺎ ﻓﻌﺎﻟﯿﺖ ﮐﺎﺗﺎﻻز از روز ﺳﻮم ﭘﺲ از آﻟﻮدهﺳـﺎزي
ﺷﺮوع ﺑﻪ ﮐﺎﻫﺶ ﮐﺮد .ﺗﻔﺎوﺗﯽ در ﻓﻌﺎﻟﯿﺖ ﭘﺮاﮐﺴﯿﺪاز ﺑﯿﻦ دو رﻗﻢ ﻣﺸﺎﻫﺪه ﻧﺸﺪ .ﺑﺮ اﯾﻦ اﺳﺎس ﻧﺘﯿﺠﻪﮔﯿـﺮي
ﻣﯽﺷﻮد ﮐﻪ ﭘﻠﯽﻓﻨـﻞﻫـﺎ در دﻓـﺎع ﺳـﯿﺐ ﻋﻠﯿـﻪ ﮐﭙـﮏ آﺑـﯽ ﻧﻘـﺶ دارﻧـﺪ .ﻓﻌﺎﻟﯿـﺖ ﭘﻠـﯽﻓﻨـﻞ اﮐـﺴﯿﺪاز و
ﺳﻮﭘﺮاﮐﺴﯿﺪدﺳﻤﻮﺗﺎز ،ﻋﺪم ﻓﻌﺎﻟﯿﺖ ﭘﺮاﮐﺴﯿﺪاز و ﮐﺎﻫﺶ ﻓﻌﺎﻟﯿﺖ ﮐﺎﺗﺎﻻز ﻫﻤﮕﯽ در اﯾﺠﺎد ﻣﺤﯿﻄﯽ ﺳـﻤﯽ در
اﻃﺮاف ﮐﭙﮏ آﺑﯽ ﻧﻘﺶ دارﻧﺪ.
واژﮔﺎن ﮐﻠﯿﺪي :ﮐﭙﮏ آﺑﯽ ،ﺳﯿﺐ ،ﭘﺮوﺗﺌﯿﻦ ﻣﺮﺗﺒﻂ ﺑﺎ ﺑﯿﻤﺎرﯾﺰاﯾﯽPenicillium expansum ،
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