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Abstract

One of the most important orange fruit diseases is blue mold which cause by Penicillium italicum that is responsible for
important economic losses. This study investigated biochemical changes in exo-mesocarp layers of orange fruits related to host-
pathogen- yeast interactions. Initial result showed that among eight strains isolated, the most effective antagonist were
belonged to two species of Pichia kluyveri (M45) and Rhodotorula mucilaginosa (M61). These isolates were selected for
biochemical evaluation. In order to assessment of biochemical changes, the orange fruits were inoculated with 40 pl of yeast cell
suspension and after 24 h, the wounds were inoculated with 20 pl of conidial suspension of P. izalicum. The analysis of variance
showed that all of the measured biochemical characterises were significant in both layers by treatments (yeast isolates;
pathogen; yeast isolates + pathogen and control) (P < 0.01), including POD, CAT and -1, 3-glucanase activities and total
phenolic compounds. Also result showed that when the yeast isolates (M45 or M54) were inoculated into wounds with the
pathogen, it stimulated the orange to increase produce of total phenol and enzymes activity (POD, CAT and B-1, 3-glucanase)
and these changes were related to incubation time. The result showed that understanding biochemical mechanism derived
from plant-pathogen-antagonist interactions is essential for investigating the dynamics of infectious processes.
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Introduction

In Iran, Citrus culture has a very old history. The production
of these fruit as a market crop that have almost 300 years old
history (Ebrahimi, 2002). Citrus sinensis is one of the most
important horticultural crops in Iran (Ansari and Feridoon,
2006), which its annual production it is among ten first countries
of theworld (FAOSTAT, 2013).

Sweet orange are attacked by a wide range of pathogens,
which can change host survival, growth and reproduction
(Agrios, 2005). Crops defend themselves against pathogens by a
combination of structural characters and biochemical reactions,
which can be induced by attack (Hanley ez 4/, 2007; Wittstock
and Gershenzon, 2002).

One of the most prevalent micro-organism of the sweet
orange is blue mold, which is created by Penicillium italicum. The
most important damage factor in postharvest period is
Penicillium that imposes billions dollars of damage every year
upon this market (Pitt ez al., 2009). Penicillium growth typically
occurs as a result of wound infections in produce.

To prevent development and limit activity of this pathogen,

chemical treatments are widely used. However, such of them

may produce serious problems, residues on the fruit (Cabras e
al., 1999; Palou ez al,, 2008), coming into existence of fungjcide-
resistant strains (Ben-Yehoshua ez 4/, 1994), and harmful to
human health (Suwalsky e 4/, 1999). In order to alternative to
these fungicides some treatments have obtained successful results
controlling postharvest decay (Feliziani ez 4/, 2015).

Biological control of fruits has appearance recenty as a
promising alternative to the use of chemical fungicides (Cwalina-
Ambroziak and Nowak, 2012; Youssef ¢ 4/, 2012; Moretto ¢
l,2014).

Treatment of fruit with microbial agents has been
performance to be an affect method for control of postharvest
decays. Some microbial such as bacteria and yeasts are reported to
reduce effectively various postharvest decays of fruits (Chalutz
and Wilson, 1990; Janisiewicz and Korsten, 2002; Tian e 4/,
2002). Citrus plants produce volatile organic compounds
(VOC:s) as secondary metabolites that play an important role in
interaction routes with microorganisms (Marques ez 4/, 2014).

In several plant species, used of microbial antagonists and

chemical inducer was reported to provide inhibitor against
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pathogens (Friedrich ez 4/, 1996; Van Loon et al., 1998). So, it is
important to assessment of interactions among pathogen, yeast
antagonist and orange fruits during postharvest storage; in
particular the enzymes regulating reactive oxygen levels, as there
production and accumulation (hydrogen peroxide, superoxide
and hydroxyl radical) are the most frequendy showed
biochemical agents during plant-microbe interaction (Wang ez
al., 2004). Host defence responses expressed systemically involve
the synthesis and accumulation of antifungal glucanohydrolases
such as chitinase, chitosanase, and -1, 3-glucanase (Ryals ez 4,
1996; Van Loon ez al., 1998). The primary objective of this study
was to confirm the ability of two isolates of Pichia kluyveri (M45)
and Rhbodotorula mucilaginosa (M61) to control postharvest blue
mold which cause by Penicillium italicum in orange fruits and
the other objective was to determine whether the activity of the
peroxidase (POD), catalase (CAT), B-1, 3-glucanase and
phenolic compound would be affected in orange fruit layers,
following the application of two antagonists alone or in
combination with the pathogen.

Materials and Methods

Select of frust, pathogen and biological control yeasts

In this present study, orange fruits (Citrus sinensis cv.
‘Thomson navel’) at maturity and uniform size without wounds
were selected. The oranges were obtained from Pakdasht city
that these fruits were cultivated in orchard located in North of
Iran and kept at 4 °C until needed.

The isolate Pil of Penicillium italicum obtained from
infected orange fruits. The culture was derived from single spore
isolate and maintained on potato Dextrose Agar (PDA) at 4 °C
in darkness until use.

Biocontrol agents were isolated from the surface of fruits,
leaves and shoot of Citrus limon, gathered from Bandar-Abbas,
Hormozgan, Iran. Isolates consisted of two isolates of
Metschnikowia pulcherrima (M54) and one isolate of Pichia
kluyveri (M45). Identification of selected strains was carried out
by identification service CBS. YMA and PDA cultures were
used to isolate eight yeasts that are as follow: three isolates of
Pichia guilliermondii (M60, M63 and M47), two isolates of
Metschnikowia pulcherrima (M43 and M54), one isolate of
Pichia kluyveri (M45) and one of Rhodotorula mucilaginesa
(Mé1).

Invivo biological control studlies

P. italicum (Pil) was grown on PDA plates for 14 days.
Conidia were harvested by pouring a few ml of sterile distilled
water (SDW) containing 0.05% tween 20 on the plates. The
conidia suspension was adjusted to 1 x 10° conidia ml". The
fruits were washed in 90% ethanol for 5 s followed by dipping in
0.2% sodium hypochlorite solution and rinsed with SDW. The
oranges were wounded with 3 mm diameter nail to a depth of 4

mm in quadruplicate.

Extraction and assay of pevoxidase activity

The extraction and assay of POX was carried out as per the
method described by Lagrimini and Rothstein (1987). The
reaction mixture contained 3.5 mL 0.1 M phosphate buffer (pH
6.0), 0.05 mL 12 mM guaiacol, 0.03 mL H,O; and 0.5 mL

enzyme. Changes in absorbance were recorded at 470 nm for 1
min with a spectrophotometer (Milton Roy, Spectronic 501,
Unterfochring - Germany). The activity of peroxidase was
presented as AOD 470nm /min/mg protein.

Extraction and assay of catalase activity

The method of extraction as described by Du and Bramlage
(1995) was used in the experiment. CAT activity was determined
by following the disappearance of HO in the enzyme reaction
mixture. The enzyme extract (0.25 ml) was added to 2 ml assay
mixture (50 mM Tris- HCl buffer pH 6.8, containing 5 mM
H202). The reaction was stopped by adding 0.25 ml 20% titanic
tetrachloride (in concentrated HCI, v/v) after 10 min at 20°C. A
blank was prepared by addition of 025 ml 20% titanium
tetrachloride at zero time to stop the enzyme activity. The
absorbance of the reaction solutions was read at 415 nm against
water. CAT activity was determined by comparing absorbance
against a standard curve of H;Oufrom 025 t0 2.5 mm. The activity
of CAT was presented as H,O,mm/min/mg protein.

Extraction and assay of B-1, 3-glucanase activity
The method of extraction as described by Ippolito ez 4/. (2000)
was used in this experiment. Tissue samples of each fruit were
taken from the wounds and individually homogenized at 4 °C in
two volumes (w: v) of SOmM sodium acetate buffer, pH 5.0, and
the homogenate was centriﬁlged at 4 °C (20 min, 14000 x g)
Proteins in the supernatant were precipitated in 60% acetone (v: v)
at —20 °C and the resulting pellet, following centrifugation (20
min, 14000 x g at 4 °C), was washed three times with 60%
acetone.
The pellet was suspended in 2 ml of 50 mM sodium acetate
buffer (pH 5.0) and assayed for -1, 3-glucanase activities. -1, 3-
ucanasc was determined following the method of Abeles and
Forrence (1979). B-1, 3-glucanase activity was assayed by
incubating 30 ml of enzyme preparation for 30 min at 40 °C in 30
ml of 4% laminarin. The reaction was terminated by heating the
sample in boiling water for 5 min and the amount of reducing
sugars was measured spectrophotometrically at 500 nm after
reaction with 372 ml of 3,5-dinitrosalicilate. Final activity values

are reported as nmol glucose/min/mg of total protein.

Determination of total phenolic compounds

The method of extraction as described by Yamomoto ez 4.
(1977) was used in the experiments. Orange fruits (1.0 gr fresh
weight of both layers) were ground in a mortar with 10 ml of
80% methanol and filtered through double layers of gauze. The
residue was washed twice with 80% methanol (each time with
three ml). The filtrate and washing were combined and
centrifuged at 4000 g for 5 min at room temperature and the
supernatant was assayed. Total phenol was measured with Folin-
Ciocalteu’s reagent (Merck, Darmstadt, Germany). 0.5 ml
extracts were diluted with distilled water to 7 ml in a test tube.
The contents were well mixed. 0.5 ml Folin-Ciocalteu’s reagent
was added and the tubes were thoroughly shaken again. Exactly 3
min later 1 ml of saturated sodium carbonate solution was added
and the mixture made up to 10 ml with good mixing. After
leaving the samples for one hour at room temperature, the
absorbance was measured at 725 nm. Caffeic acid (Fluka,
Germany) was used as a reference phenolic compound. The total
phenolic compounds of samples were expressed as mg caffeic acid

per g of fruit fresh weight.
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Table 1. Analysis of variance for the biochemical traits of orange fruit under plant-yeast isolates-pathogen interactions
MS (For M4S isolate)
S.0.V df POD POD CAT CAT B-1, 3-gluc B-1, 3-gluc Phenol Phenol
(Mesocarp) (Exocarp) (Meso) (Exo) (Meso) (Exo) (Meso) (Exo)

Treatment 3 0.12° 0.32' 0.75" 0.61° 0.05' 0.38 0.02" 0.02"
Time 4 0.80° 046 0.47" 1.01° 0.99° 4.01° 0.01° 0.08
Tr*Ti 12 0.08' 0.23' 0.03' 0.44" 0.08’ 0.15' 0.02" 0.08
Error 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

(®\% - 0.89 0.37 1.47 0.5 2.87 4.68 0.7 2.12
S.0.vV df MS (For M54 isolate)

Treatment 3 0.19° 0.31° 0.68' 0.24" 0.14 0.21 0.01° 0.01°
Time 4 0.89° 0.43 0.54 0.71° 1.13° 4.63 0.00" 0.18
Tr*Ti 12 0.13 0.23 0.10° 047 0.08 0.18 0.02" 0.01°
Error 40 0.00 0.02 0.01 0.00 0.00 0.04 0.00 0.00

(©)% - 0.77 0.35 493 0.45 2.37 15.52 0.67 1.58
*; Significant at 1% probability level. Exocarp and mesocarp layers are orange and white parts of orange fruits, respectively.
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Fig 1. Peroxidase activity in orange fruits tissues treated with yeast isolates {A1 and A2 (M45): white and orange tissues, respectively; B1 and B2

(M54): white and orange tissues, respectively}, P. italicum, interaction of them and control. The activity of peroxidase was presented as AOD 470

nm/min/mg protein; values are averages of three replicates. Error bars indicate +SE.

Statistical analysis

Enzymatic assays were carried out twice for each sample and
a mean of two assays were used for statistical analysis as value of
each replicate. The completely randomized design was used for
biocontrol activity experiment.

In order to assessment of enzymatic and phenolic
compounds, the experiments were arranged as a 4x5 factorial in a
completely randomized design with four replicates and four
treatments (yeast isolate; pathogen; yeast isolate with pathogen
challenge; control) and after 1, 3, 5, 7 and 9 days of treatments,
the characteristics were measured. Analysis of variance was
performed on the data and means were separated using
Duncan’s multiple range test.

Results

Selection of isolates

In the first test, there were eight yeast isolates, three isolates of
Pichia guilliermondii (M60, M63 and M47), two isolates of
Metschnikowia pulcherrima (M43 and M54), one isolate of
Pichia kluyveri (M45) and one of Rhodotorula mucilaginosa
(M61) to evaluated the biological activity for against Penicillium
italicum. Dual culture, cell free metabolite and volatile test were
used i vitro assay. Result of i vitro tests showed that two strains
(M45 and M54) had a greater impact on disease control.
Therefore, for further testing these strains were used (data not
shown).



Ghasemi R et al. / Not Bot Horti Agrobo, 2015, 43(2):413-419

416
7.00 Al]| 7000 A2
A
6.00 A A A 50.00 AB A
E BC BD 5D
CEQMEG ) CE DF
5.00 50.00 | £GRENEC h EH e¢ DF
= B 3 G EH Bl
= pe PP BC H I
Z 400 4000
k=] B ¥ BE pp
] H =
c
o 300 5 30.00
Z DI I I E I El:
=
= 200 I 20.00
@]
100 1000
000 000
1 E s 7 g 1 3 5 7 g
8.00 A B1| 7o B2
AB A
7.00 AB 0 BC AR {_ 5D
B 2 {» C F DF DG
500 2
= 50 | ECH el IEH Ex EGE LH‘}
3 C T 1 HI o T
& 5.00 I I
= @ 0
]
o 4.00 DF C ] DF DF
2 F 7| 30
E 3.00 F F D-F,
S T T F 0
2.00
10
100
000 e
1 3 7 3 1 3 B 7 3

=

Times after inoculation (days)

Times after inoculation (days)

OIsolate (M45 or M54) B P. italicum W Control B P. italicum + Isolate (M45 or M54)

Fig 2. Catalase activity in orange tissues treated with yeast isolates {A1 and A2 (M45): white and orange tissues, respectively; B1 and B2 (M54):
white and orange tissues, respectively}, . italicum, interaction of them and control. The activity of catalase was presented as mM H,O,/min// 'mg

protein; values are averages of three replicates. Error bars indicate +SE

Analysis of variance

The analysis of variance showed that all of the measured
biochemical traits were variable in both layers by treatments (P <
0.01), including POD, CAT and B-1, 3-glucanase activities and
total phenolic compounds (Table 1), suggesting a high

biochemical changes among present treatments.

POD activity

Changes in the POD activity in exo-mesocarp layers and
days after inoculaton are shown in Fig. 1. POD activity in
mesocarp layer of orange fruit treated with pathogen or in
combination with isolates showed the increase, reaching
maximum level 7 days after storage at 20°C, and then decreased
(Fig. 1, A1-B1). In orange fruits exocarp layer treated with
pathogen alone indicated enzyme increased of the enzyme, with
maximum level 5 days and then decreased, whereas in interaction
of pathogen and isolate (M45 or M54) the enzyme was increased
in three days after inoculation and then decreased (Fig, 1, A2-
B2). Also, in exocarp layer enzyme did not any change in control
treatment after inoculation, but in mesocarp layer it was
increased.

The results of Duncan test for factors interactions showed
that the highest POD activity in exocarp and mesocarp layers in
present of M45 isolate was related to fifth and seventh day after
inoculation with P. zzalicum, respectively (Fig. 1, A1-A2). The
lowest one was related to first day after inoculation with P.
italicum. Almost same results were observed in present of M54
isolate (Fig. 1,B1-B2).

CAT activity

CAT activity remained unchanged in exo-mesocarp layers in
control treatment (Fig. 2). Three days after storage, CAT activity
increased in both layers treated with antagonist, pathogen and
combination of them, then decreased after 5 days. In mesocarp
layer the lowest of CAT activity for factors interactions was
related to control treatment after nine days (in both of M45 or
M54 isolates) (Fig, 2, A1-BI1).

B-1, 3glucanase activity

Nine days after treatment, -1, 3-glucanase activity in
exocarp layer slowly increased in all treatment (Fig. 3, A2, B2).
The enzyme in mesocarpe layer of orange fruit treated with
interaction of M45 isolate and pathogen increased, reaching
maximum levels 7 days after treatment and then decreased,
whereas after 5 days of inoculation, in interaction of another
isolate (M54) with pathogen, the enzyme increased, then
decreased (Fig. 3, Al and BI). In both layers isolates alone and
control treatments, the enzyme was slowly increased.

Total phenolic compounds

In the first five days of inoculation, total phenolic
compounds content in mesocarpe layer in treated with pathogen
alone and combination with antagonist, increased slowly, then
decreased (Fig, 4, Al, B1). The maximum phenolic content in
treated orange with antagonists (M45 or M54) and control were
obtained one day after inoculation. In the first three days of
inoculation, total phenolic compounds content in exocarpe layer
in treated with pathogen alone and combination with M45
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isolate, increased, then decreased (Fig. 4, A2), whereas total
phenolic compounds in exocarp layer remained on the same level
in all treatments with present of M54 isolate (Fig. 4, B2). The
results of Duncan test showed that just two interactions effect
had a significant difference in mesocarp layer for Total phenol
component (in both of M45 or M54 isolates) (Fig. 3, A1-B1).

Discussion

The selection of effective antagonistic yeasts already is
important for their practical uses (Arras et 4l, 1996). Of eight
yeasts isolated for their antagonistic activity against the pathogen,
two isolates of Pichia kluyveri (M4S) and Metschnikowia
pulcherrima (M54) had the most effective. Previously reports
showed a number of effective yeasts isolate for the biological
control of Penicillium italicumn on citrus (Arras et al, 2002;
Lahlali ez al, 2014). The main mechanism of this biologjcal
control is based on induction of host defences (Janisiewicz and
Korsten, 2002; Massart and Jijakli, 2007). Our result showed
accumulation of enzymes activities (POD, CAT and -1, 3-
glucanase) and slowly increased accumulation of total phenol,
few days after inoculation in both layers of the orange fruit. The
resistance of fruits to pathogens is mainly due to pre-existent
physical and chemical barriers (Arras ef 4/, 1996). POD activity
in exo-mesocarp layers was increased due to treated with
pathogen or in combination with isolates, whereas in control
treatment it was unchanged. This suggested that increase of
POD actmty is related to interaction between orange fruit with
microorganisms. Resistance plants for pathogen have high level
of POD (Percival, 2001). Peroxidases can eliminate the
potentially toxic HzO;with concomitant benefits (Liochev,
2013) and hydrogen peroxide, which are highly toxic to many
organisms (Wang ¢ al, 2014). Catalase expression after
inoculation was similar to peroxidase; it was unchanged in
control treatment and increased in both layers treated with
antagonist, pathogen and combination of them. Peroxidase and
catalase convert potentially dangerous to water through their
combined action (Gong e 4/, 2001).

Among the enzymes involved in the defence against
oxidative stress, catalase plays a key role by converting H,O; to
0> and H>O (Scandalios, 1993). Respond of Some plants to a
variety of environmental stresses is catalase increased (Scandalios
et al, 1997). B-1, 3-glucanase activity in exo-mesocarp layers
slowly increased in all treated. B-1, 3-glucanase is capable of
hydrolysing fungal cells, and inhibit the growth of phatogen
(Jongedijk ez al., 1995). B-1, 3-glucanase, POD and Chitinase are
involve in plant defence responses against fungal infection
(Hiickelhoven et al, 1999). Result of present study indicated
that with inoculation of orange fruits with yeast isolates and
pathogen, the enzymes were increased. The main reason was
relate§ to interaction between plant and microorganisms. Similar
result reported on the other plant, such as apple (Alavifard ez 4L,
2012; Bordbar ez 4/, 2010), tobacco (Ye ez af, 1992), tomato (Li
et al,, 2008) and rice (Bhattacharya ez al., 2013).

Slowly accumulation of total phenol was observed, after fruit
inoculation with microorganisms. Our result is in contrast with
Bordbar et al. (2010) reported, that total phenolic compounds
was decreased rapidly 6 days after inoculation, in apple fruits
treated with antagonist, pathogen and or in combination.
Phenolic substances have several important roles in defence
mechanisms of plant against pathogens. Phenolic compounds

may resistance to a discase by limiting the growth of the pathogen
(Isaac, 1991). According to the plant-yeast isolates- pathogen
interaction, it was observed that when the yeast isolates (M45 or
M54) were inoculated into wounds with the pathogen, total
phenol and enzymes activity (POD, CAT and -1,3 g%ucanase

were increased, these change were related to incubation time.

Conclusion

Our research identified effective of yeast isolates that could be
used in postharvest biological control, alternative to the use of
chemical fungicides. Also results showed that understanding
biochemical mechanism derived from  plant-pathogen-
antagonist interaction is essential for investigating the dynamics
of infectious processes.
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