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Potential of Induced Resistance in Postharvest

Diseases Control of Fruits and Vegetables
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Abstract The phenomenon of induced resistance to postharvest disease in fruits and vegetables has been
studied intensively in recent years. Biotic and abiotic inducers, including microbial agents, chemical
compounds, physical treatment and nature substance, have been used in fruits and vegetables. The
mechanism of resistance has been studied on cell structure, physiological and biochemical changes of
host. In this paper, some of the strategy and defense expressed in postharvest fruits and vegetables will
be discussed in relation to how the induced plants may restrict disease development.
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1 Introduction

Fresh fruits and vegetables are highly peri—
shable products, especially during the postharvest
phase, when considerable losses can occur due to
microbiological diseases, disorders, transpiration
and senescence. Although quality deterioration of
fresh postharvest fruits and vegetablesis the result
of a number of different factors, microbial activi—
ty is by far the single most important one' .
Some reported values for disease losses showed in
the developed countries, approximately 100 -
30% of harvested fruits and vegetables is lost to
postharvest spoilage, and in the developing coun—
tries the losses are over 30 — 50% annually due
to lacking sanitation and refn'geration[z].
Traditionally, postharvest disease is often
controlled by the application of synthetic fungi-

cides?!.

However, due to problems related to
fungicide toxicity, development of fungicide resis—
tance by pathogens, and potential harmful effects
on the environment and human health, alterna—
tives to synthetic chemicals have been pro-
posedl4'5|. The use of biologically based fungi-
cides in conjunction with induced resistance was
suggested as a feasible approach for reducing
postharvest disease in harvested fruits and vegeta—
bles™ .

Induced resistance ( IR) is a plastic response,
which diverts carbon and nitrogen resources from
plant growth and reproduction to provide a long
lasting and systemic resistance to a broad spec—

trum of pathogens and pests'® .

Two types of IR
are well characterized. Systemic acquired resis—
tance (SAR) is dependent on salicylic acid-medi-
ated signaling and associated with the production
Induced

(ISR). which develops after colonization by some

of PR proteins. systemic resistance
biocontrol rhizobacteria, is dependent on the se—
quential action of jasmonic acid and ethylene and
. . .8
does not involve expression of PR protelns[ I

holds

promise as a new technology for the control of

many experiences, induced resistance

postharvest diseases and has been proven to be
effective in the laboratory and in a few field

[9, 10]
cases .

This review describes potential strate—
gies to induce the resistance and illustrates possi—
ble mechanisms of IR of fruits and vegetables

against postharvest diseases.
2 Inducing agents
2.1 Microbial biological agents

In recent years, considerable attention has
been placed on postharvest application of BCAs
(‘biological control agents) for the inhibition of

[11,12]

plant disease Treatment with antagonistic

8,12 . e .
yeasts[' : suggested that intensification of de—

fense mechanisms had potential in reducing
postharvest decay.

Antagonistic yeasts induce several biochemi—
cal defense responses in surface wounds, inclu—
ding 1) the accumulation of the phytoalexin (sco-
parone and seopoletin)[lo]; 2) the deposition of

structural barrers (papillae)lgl; 3) an increase in

B -1, 3¢lucanase, chitinase[l3], and 4) biosynthe—
Latterly, El-Ghaouth et al.

further found that, along with the induction of a

Candida

saitoana caused a rapid accumulation of chitinase

: 10
sis of e’[hylenel :
systemic protection in fresh apples,

and B -1, 3—glucanase activities locally in the trea—
ted wound site and systemically in tissues distant
from the initial wound”. Of course, wounding
also triggered increases inf3 -1, 3glucanase, chiti—
nase, and peroxidase activity, but the increases
were markedly less than those detected in yeast

13, 14
~reated wounds'™'.

On the other hand, other
evidences showed that no qualitative differences in
phenolic profile of water—treated and yeast extract
treated apple leaves, both of which have phlo-
ridzin and phloretin present“s]-

In our research, appealing results had also
been achieved. More than 10 strains of antago-—
nists which can effectively control postharvest
disease of fruits were screened out from antago-—

nists stored or isolated from surface and wound of



5 TIAN Shi-ping, et al.: Potential of Induced Resistance in Posthar est Diseases Control of Fruits 387

6 . . .
' Further experiments indicated

peach fruits’
that -1, 3glucanase and chitinase of Pichia mem -
branef aciens and Candida guilliermondii could be
significantly induced both in vitro and in vivo. P.

membranefaciens was able to produce significantly
higher levels of chitinase (exochitinase and eno-
chitinase) in vitro than C. guilliermondii grown
in Czapeck minimal medium'"'. The same induced
effects were recently obtained in jujube fruits im-
mersed with antagonists or other elicitors"™’.
Moreover, researches in postharvest peach fruits
suggested that the activation of peroxidase
(POD), polyphenol oxidase (PPO) and pheny-
lalanine ammonia lyase (PAL) was involved in
the action of P. membranefaciens against Rhizo-

pus stolon ifer[ o

2.2 Physical agents

0] 1

Curing[2 , Vaadiation™', hot water brush—
ing (HWB)**! and UV -C ligh t** have recently
been reported to be effective in reducing posthar—
vest rots of fruit and vegetables, such as ki-
wifruit, peaches and strawberries.

22.1 HWB A
( HWB) treatment, which sprays hot water on

new hot water brushing
fruit as they move along a belt of brush—ollers,
induced resistance against postharvest diseases.
Garcia et al. found that a hot water treatment of
45C for 15 min significantly reduced postharvest
losses of strawberry fruit by delaying the onset of
=2, display ed

shrivel and loss of shine because effective heat

decay Unfortunately, the fruit
treatments against pathogens are often close to
the level of tolerance of the commodity. Recent—
ly, a short duration heat treatment (10— 30 s) at
very high temperatures ( 56— 62C) has shown
promising results for citrus decay control without
damage to the fruit™. This treatment is believed
to sanitize the fruit as well as induce resistance to
pathogens in some cases.

The HW B treatment induced the accumula—

tion of some proteins that cross—reacted with an

antibody raised against bovine heat shock protein
(HSP). On the other hand, the increases in the
accumulation of the 21, 22 and 25 kDa chitinase
proteins and of the 38 and 43 kDaf -1, 3-glucana—
ses proteins, which were observed 1 and 3 d after
the HW B treatment when the fruit appeared to be
more resistant to Penicillium digitatum, may be
part of the complex fruit disease resistance mech—

. . 23
anisms induced by the heat treatment .

2 2 2 Jonizing radiation  lonizing radiation is
used as a means of extending the shelf life of pro-
duce. Dosages of 1. 5 to 2 kilogray (kGy), and
some cases 3. 0 kGy (300 krad), had been effec—
tive in controlling decay in several products[%].
Strawberry and peach shelf life could be extended
with treatments in the range of 2 to 3 kGme-
Research conducted since that time suggests that
irradiation can be an important treatment to en—
hance safety of other types of produce. However,
commercial application of ionizing a radiation is
limited due to the cost and size of equipment
needed for the treatment and to uncertainty about
the acceptability of irradiated foods to the con-
sumer .

2 23 Curing

one pathogen could induce resistance against other

Curing of fruit inoculated with

pathogens; this resistance was mainly localized
in the area of pathogen invasion. M anipulating
the postharvest environment of citrus to enhance
the natural resistance to stress by curing/condi-
tioning had also shown to lessen peel injury in-

duced by regulatory cold treatments’ .

2 2.4 Low-dose UV light

concept in postharvest disease control is the use

A relatively recent

of hormetic doses of ultraviolet light to elicit re—

sistance ?' .

In this case, the low dose ultraviolet
light treatments had two effects on brown rot de—
velopment reduction in the inoculum of the
pathogen and induced resistance in the host. It
has been proved that low doses of UV—C irradia-
tion, which stimulate several biological processes

such as respiration, biosynthesis of flavonoids
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and phytoalexin, and elicitation of pathogenesis
" For this reason, UV-C could

be envisaged as an alternative to fungicides for the

—telated proteins

control of post-harvest diseases.

Recent works have shown that the applica—
tion of UV—C at low doses reduced post-harvest
decay, extended the shelf life, improved quality
and delayed maturity of sweet pepper’', table

[32] [33] [34] [24]
grapes , peaches , mango

35
and carrot roots” .

, strawberry
Furthermore, Stevens et al.
observed a possible synergistic effect between the
yeast and UV-C in controlling postharvest di-

[ 36]
sease .

However, UV light has not become a
practical postharvest treatment as yet and re—

quires more research.
2.3 (hemical agents

Resistance can also be induced with chemi-
cals such as DL-3-amino butyric acid (BABA),
1,2, 3 - benzothiadiazole — 7 = carbothioic acid S
-methyl ester ( ASM), salicylic acid ( SA),
ethylene, Harpin, 2, 6-dichloroisonicotinic acid,
jasmonic acid ( JA), methyl jasmonate (M]),
potassium and phosphates. These compounds
were shown to control several fungal, bacteral,
or viral diseases on both mono-and dicotyle-
dons™ .

inducing agents reduced disease incidence but not
[39]

Further experiments indicated that the

disease severity
2. 3.1 Salicylic acid (SA):  Salicylic acid ( SA)
is a natural phenolic compound present in many

plants and is an important component in the sig—

[40]

nal transduction pathway Exogenous applica—

tton of SA at nontoxic concentrations to

susceptible plants could enhance resistance to

W1 These induced defense responses

pathogens
by SA are probably involved in the expression of a
range of defense genes, especially those encoding
the pathogenesis related ( PR) proteins such as
chitinase, B -1, 3—glucanase, and peroxidase[40]-
Recently, a significant increase in polyphe—

noloxidase, phenylalanine ammonia-lyase, andf3

-1, 3¢ lucanase activity in cherry fruits treated by
SA combination with antagonistic yeast was ob—
served in our experiment ™. Therefore, the
mechanism by which SA enhanced biocontrol effi—
cacy of antagonistic yeast may be related to its
ability to induce biochemical defense responses
in sweet cherry fruit rather than its fungi toxicity
effects on the pathogensm].
2 3.2 FEthylene

ethylene plays an important role in controlling de—

It has been proposed that

fense responses of plants to microbial pathogens.

In plant defense mechanisms, one would predict
that treatment of plants with exogenous ethylene
would enhance resistance to subsequent challenge
with microorganisms or, conversely, that treat—
ment with ethylene inhibitors would adversely af-
fect their resistance level.

Ethylene can induce the synthesis of the anti—
fungal diene in idioblasts and export of this com-
pound to the pericarp of the fruits. Moreover,
exogenous application of ethylene to plants can
result in the activation of genes encoding antimi-
crobial pathogenesis-—related ( PR) plro’[einsl43J )
cell wall-strengthening glycoproteins, or enzymes
involved in the synthesis of phenylpropanoidsm].
23.3 Acibenzolar—S-methyl Acibenzolar—S
-methyl (1, 2, 3-benzothiadiazole—7—carbothioic
acid S-methyl ester, ASM) is a synthetic ana—
logue of SA and has been developed for use as a
crop protect through SAR™. Huang et al.
demonstrated that one application of ASM prior
to flowering protected rock and Hami melon fruit
from several postharvest fungal diseases' ™. ASM
may therefore become an important component of
an integrated pest management (IPM) approach
to reduce viral and fungal disease impact on me—
lons'™!.

2 3.4 DL#-amino butyric acid (BABA): Po-
rat ef al. found that application of BABA to spe—
cific wound sites on the peel surface of grapefruit
could induce resistance to P. digitatum in a con—

. 4
centration-dependent manner' . The effect was
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local and limited to the vicinity (within 1= 2 ¢m)
of the BABA-treated site. The induction of resis—
tance by BABA was accompanied by the activa—
tion of various pathogen defense responses in the
fruit peel tissue, including activation of chitinase
gene expression and protein accumulation after 48
h, and an increase in phenylalanine ammonia
lyase (PAL) activity after 72 h'™""".

2 3.5 Jasmonic acid (JA) and methyl jasmonate
(M )):

jasmonic acid ( JA) and its esterified derivative,

A large body of evidence suggests that

methyl jasmonate (M]) are a key component of
such intracellular signal in response to pathogen
attack, and that its application may, therefore,
induce disease resistance in a wide varety of
plantsm]-

Applications of low concentrations of jas—
monic acid (JA) to plants induced proteinase in—
and a

hibitors, proline—rich cell wall protein,

range of enzymes involved in plant defense reac—

. 49
110ns[ ].

In this respect, since JA and M ] are re—
garded as a natural plant growth regulator, it has
the advantage of eliciting defense or physiological
responses to its exogenous application to plants at
low concentrations in a non-destructive man-
ner . Our present researches indicated that
methyl jasmonate (M J) could induce resistance of
peach and apple fruit against postharvest disease,
and the level of induce resistance is significantly
related with maturity degree of the fruit (unpub-
lished data) -

23.6

Inorganic com pound: In combination

Ca” salts with antagonistic yeasts effectively en—
hanced biocontrol ability of the yeasts against
postharvest pathogens in fruit during storage[su.
The infiltration of harvested fruits with several
Ca" salts initially improved the resistance against
mechanical damages, some physiological disor—
ders and fruit qualitym]. It has been communica—
ted that these beneficial effects of titanium are
due to theintensification of the Fe activity in leaf

chloroplasts and fruit chromoplasts, and conse—

quently increased metabolic activity and nutrient

[53]

absorption Recently, a new way, that sodium

bicarbonate in combination with antagonistic
yeasts could significantly enhance biocontrol effi-
cacy of the yeasts to fungal spoilage of pears in

storage, was found in our research™/.
2.4 Natural compounds
241

natural compound derived from

Chitosan and Margosan-O:  Chitosan, a
animals, is
known to possess antifungal and resistance-elicit—
ing properties and offers an economically viable
option to synthetic chemical co ntrol™!. Tikewise,
Margosan-O, as a natural compound derived from
plants, contains a terpenoid compound called
azadirachtin extracted from the neem tree is a
known biopesticide. Fajardo et al. reported that
sweet orange (Citrus sinensis cv. ‘ Valencia’ )
treated with chitosan or mangosan-O and chal-
lenged by the green mold pathogen ( P.
digitatum ) showed a delay in the onset and pro—
gression of disease symptoms compared with ino—

. ) .. 39
culated fruits not treated with the elicitors” |

2. 4.2 Harpin
ble, glycinerich, 44 kDa protein, encoded by the

Harpin is an acidic, heat-sta—

hrpN gene of the bacterium Erwinia amylovora.
Dong et al. firstly reported that bacterial product
was able to elicit the hypersensitive response
(HR) in plantslsﬂ-
found that harvested Red Delicious apples could

De Capdeville et al. also

elicit systemic acquired resistance (SAR) 1 The
level of resistance depended on harpin concentra—
and interval be—

tween treatment and inoculation®.

tion, inoculum concentration,
These stu-—
dies have shown that harpin triggers a variety of
cellular responses, such as activation of active
oxygen species and cell membrane depolarization,
which are known to be involved in resistance re—
sponse mechanisms of systemic resistance” . In
addition, Harpin has been produced commercially
as “ Messenger”, which is currently being sug-
gested for the control of viral and fungal diseases,
as well as a plant growth enhancer and a con-

troller of selected insect populations™’.
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2.5 Combination treatments

Researchers have been trying to find addi-
tives that may enhance the performance of the se—
lected antagonists, or integrating application of
combination of antagonists with“ physical’ treat—
ments, such as pre-ireatment of produce with
UV-C light, heat or gamma—irradiationmo’m],
chemical compounds, such as sodium bicarbonate
541

: 16, . :
and ammonium molybdate[ , calcium chloride

[51,62]

and potassium sorbate , salicylic acid™®!,

methyl jasmonate!™', as well as low temperature

!
" to enhance the re—

and controlled atmospheres“
sistance of fruit against pathogenic fungi during
storage periods. The biocontrol efficacy of C.
saitoana could enhance by combining it with either
glycochitosan, forming a‘ bioactive coating’ , or
with the sugar 2-deoxy-D—glucose'®!. Both ap—
proaches increased the protective and curative ac—
tivity of the yeast in controlling postharvest di—
seases. Therefore, the use of additives is a useful
approach to improve the efficacy of yeast antago—

nists used for postharvest disease control.

3 Defense mechanisms of harvested com-
modities

The natural defense mechanism in fruits in—

cludes such things as morphology changes and

biochemical changes ( Fig. ).

In response to elicitors and stress, fruit pro-
duces lignin and resin, which is a compound that
strengthens cell walls and chemicals called phy-
toalexins that inhibit the growth of the pathogen.
As the resistance is built up, the activities of cer—
tain enzymes also increase, including peroxidase
(EC L 11 1.7), phenylalanine amonia-yase ( EC
4.3 1. 5), lipoxygenase (EC 1. 13. 11. 12), B-1,
3—glucanase (EC 3. 2 1. 6), and chitinase ( EC
3.2. 1 14).

production of new compounds.

These enzymes are needed for the

4 Conclusion and prospect

Fruits and vegetables can express induced re—

sistance to postharvest pathogens when they are
infected by pathogens or treated by other resis—
tance activating. In turn, many experiments have
shown that IR can lead to long-asting, broad
—spectrum disease control and be used preventive—
ly to bolster general plant health. The availability
of this long-asting, broad-spectrum and poten—
tially stable solution to disease control may have a

.. 165
on harvested commodities® .

positive impact
Therefore, induced resistance may be a worth—

while strategy for postharvest disease control.

‘ Microorganisms L
\ N

Physical agents J

Resistance
response

‘ Chemical agenis B

fis
!b-‘at-u' al compounds

[ Mox phology changes
1. Increased lignin
2. Callose deposi
Deposition of papil
4. Accumulation of

wall proteins

changes ‘

1on of phytoalexin

Enzyme synthesis
Resin production
4. Biosynthesit of ethylenes ‘

|. S Oxidetive burst

Fig. Induced resistances in harvested commodities
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To fully understand the induced resistance
phenomenon, future research should focus on
critically evaluating the roles of the putative
defenses identified thus far in the expression of
resistance. Use of transgenic plants that are sup—
pressed in the production of PR proteins is one
approach that can be used to evaluate the relative
contribution of these proteins in the defense re—
sponse. In addition, attempts should be made to
find mutants that cannot express a specific de—
fense®' and the usage of RN A blotting methods
to detect the expression of genes (peroxidase,
phenylalanine amonia-lyase, lipoxygenase, -1,
3glucanase, and chitinase etc. ) in fruits or ve—
getables after being challenged with elicitors.

A variety of biocontrol and technical prob-
lems will still have to be overcome before induced
resistance as an on line practice for the control of
postharvest disease are utilized- Therefore, inte—
grative strategy may be the greatest promise in
The various

uv

dight and gamma irradiation, will be paid atten-

biocontrol of postharvest diseases.
resistance inducing treatments, especially
tion to the effects of fruit quality and safety. In

addition, further research towards molecular
characterization of IR with techniques of conven-—
tional mutagenesis (ionizing radiations, muta—
genic chemicals, fungicide or antibiotic exposure)
or of sexual recombination, through protoplast
fusion or genetic transformation, as well as the
formulation should be studied further to allow for

comm ercialization of the product'®’.
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