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Abstract: The phenomenon of induced resistance to postharvest disea se in f ruit s and vegetables has been

studied intensiv ely in recent years. Biotic and abio tic inducers, including microbial ag ents, chemical

compounds, physical t reatment and na ture substance, have been used in f rui ts and vegetables. The

mechanism o f resistance has been studied on cell st ructure, physio logical and biochemical changes of

host. In this paper, some o f the stra teg y and defense expressed in postharv est f rui t s and vegetables wi ll

be discussed in rela tion to how the induced plants may rest rict disease development.
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诱导抗性在果蔬采后病害防治中的研究与应用　田世平 , 产祝龙　 (中国科学院植物研究所光合作用与环

境分子生理重点实验室 , 北京 100093)　

摘要: 近年来 ,有关果蔬产品采后诱导抗性的研究较多 ,生物和非生物因子 (如微生物、化学物质、物理因素以及天然物质

等 )都能够诱导果蔬产品采后的抗性。 生物因子研究较多的是拮抗菌 ,许多生物拮抗菌都具有自生和诱导果实产生抗病相

关酶活性的作用 ,可以有效抑制病原菌的生长。 物理诱导主要包括V-射线、离子辐射、紫外光照和热水处理等 ,热水浸泡柑

橘果实能有效控制贮藏期间的腐烂 ;低剂量紫外光照射桃、芒果、草莓、葡萄和甜椒等果蔬产品可明显减轻采后病害。 用于

果蔬产品的化学诱导剂主要有 β -氨基丁酸 ( BABA) ,苯丙噻重氮 ( ASM ) ,水杨酸 ( SA) ,茉莉酸 ( JA)和茉莉酸甲酯 ( M J)等。

将 S A与生物拮抗菌配合 ,可诱导甜樱桃果实过氧化物酶 ( POD) , 苯丙氨酸裂解酶 ( PAL)和 β -1, 3-葡聚糖酶的活性 ,提高

果实贮藏期间的抗病性 ; ASM在开花前处理哈密瓜也具有一定的抗病诱导效果 ;用 B ABA处理葡萄柚后 ,能刺激果实伤口

附近 PAL活性增加 ,增强了果实对绿霉病菌侵染的抵抗力 ;作为植物生长调节剂的 JA及其酯化物 M J,对植物抗病性也具

有明显的诱导作用 , JA和 M J被认为是植物在病原菌侵染防御反应中细胞信号转导的一种关键物质 ;用 M J处理采后的苹

果和桃果实能增强贮藏期间的抗病性 ,其诱导强度与果实的成熟度密切相关 ;将钙盐与生物拮抗菌配合使用 ,也显著提高

拮抗菌的抑病效果。另外 ,在自然抗病物质中壳聚糖的使用较多 ,用它处理柑橘果实可提高贮藏期间绿霉病的防治效果。这

些生物和非生物因子的诱导抗性机理主要涉及到寄主的细胞结构变化和生理生化反应。 本文较详细地论述了诱导果蔬产

品采后抗性的因子及其可能的诱导机理。
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1　 Introduction

Fresh f rui ts and vegetables are highly peri-

shable products, especially during the po stha rv est

phase, w hen considerable lo sses can occur due to

microbiological diseases, diso rders, t ranspi ra tion

and senescence. Al though quality deterioration of

f resh postharv est frui t s and vegetables is the result

o f a number of di fferent facto rs, microbial activi-

ty is by fa r the single most impor tant one
[1 ]
.

Some repo rted values fo r disea se losses show ed in

the developed countries, approximately 10% -

30% o f harvested f rui ts and vegetables is lost to

postharvest spoi lage, and in the developing coun-

tries the lo sses a re over 30% - 50% annually due

to lacking sani tation and ref rig eration
[2 ]
.

T radi tionally, po stharv est disease is of ten

controlled by the application of synthetic fungi-

cides[3 ] . How ever, due to problems rela ted to

fungicide toxicity, development of fungicide resis-

tance by pathogens, and po tential ha rmful ef fects

on the envi ronment and human health , alterna-

tiv es to synthetic chemicals have been pro-

posed
[ 4, 5]

. The use o f bio logica lly based fungi-

cides in conjunction wi th induced resistance was

suggested as a fea sible approach fo r reducing

postharvest disease in harv ested f rui ts and vegeta-

bles
[6, 7 ] .

Induced resistance ( IR) is a plastic response,

w hich div erts carbon and ni trog en resources f rom

plant g row th and reproduction to provide a long

lasting and systemic resistance to a broad spec-

trum of pathogens and pests[ 8] . Tw o types of IR

a re w ell characterized. Systemic acquired resis-

tance ( SAR) is dependent on salicy lic acid-medi-

ated signaling and a sso ciated wi th the production

o f PR pro teins. Induced systemic resistance

( ISR) , which develops af ter colonization by some

biocontro l rhizobacteria, is dependent on the se-

quential action of ja smonic acid and ethy lene and

does not involv e expression o f PR proteins
[ 8]
. In

many experiences, induced resistance ho lds

promise as a new technolog y fo r the contro l of

postha rv est diseases and has been proven to be

ef fectiv e in th e labo rato ry and in a few field

cases[ 9, 10] . This review describes potential st rate-

gies to induce the resistance and illustrates possi-

ble mechanisms of IR of f ruit s and vegetables

against po stharv est diseases.

2　 Inducing agents

2. 1　Microbial biological agents

In recent years, considerable at tention has

been placed on postharvest application of BCAs

( bio logica l cont rol ag ents) fo r the inhibi tion of

plant disease
[ 11, 12 ] . T rea tment w ith antag onistic

yeasts
[8, 12 ]

suggested that intensification of de-

fense mechanisms had potentia l in reducing

postha rv est decay.

Antagonistic yea sts induce several biochemi-

cal defense responses in surface wounds, inclu-

ding 1) the accumula tion of the phy toa lexin ( sco-

parone and scopoletin )
[10 ]

; 2) the deposi tio n of

st ructural barriers ( papi llae)
[9 ]; 3) an increase in

β -1, 3-g lucanase, chitinase
[13 ]

, and 4) bio synthe-

sis of eth ylene
[10 ]

. Lat terly , El-Ghaouth et al .

further found that , along wi th the induction o f a

sy stemic pro tection in f resh apples, Candida

saitoana caused a rapid accumulation of chi tinase

and β -1, 3-g lucanase activi ties locally in the t rea-

ted w ound site and sy stemically in ti ssues distant

f rom the ini tial wound
[ 12]

. Of course, w ounding

also t rigg ered increases in β -1, 3-g lucanase, chi ti-

nase, and pero xidase activi ty , but the increases

w ere markedly less than those detected in yeast

-t reated wounds
[13, 14 ]

. On the oth er hand, o ther

evidences show ed tha t no quali tativ e di fferences in

phenolic profile o f w ater-t reated and yeast ex t ract

t reated apple leaves, both of w hich have phlo-

ridzin and phloretin present
[ 15] .

In our research, appealing results had also

been achiev ed. M ore than 10 st rains o f antag o-

nists w hich can effectiv ely control postharv est

disease o f f ruit s w ere screened out f rom antago-

nists sto red or isolated f rom surface and w ound of
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peach fruits
[16 ] . Further experiments indicated

that β-1, 3-g lucanase and chi tinase of Pichia mem-

branef aciens and Candida guill iermondii could be

signi ficant ly induced bo th in v itro and in v ivo. P.

membranefaciens was able to produce significantly

higher levels of chi tinase ( ex ochitinase and eno-

chi tinase ) in v itro than C. guil liermondi i g row n

in Czapeck minimal medium
[17 ]

. The same induced

ef fects w ere recent ly obtained in jujube frui t s im-

mersed w ith antagonists or other elici to rs
[18 ]

.

Mo reover, researches in po stha rv est peach frui ts

suggested that the activation o f peroxidase

( POD) , polyphenol ox idase ( PPO ) and pheny-

lalanine ammonia lyase ( PAL) w as invo lv ed in

the action o f P. membranefaciens against Rhizo-

pus stoloni fer
[ 19] .

2. 2　 Physical agents

Curing [20 ] , V-radiation[21 ] , hot w ater brush-

ing ( HWB)
[22, 23 ]

and UV -C ligh t
[24 ]

have recently

been repo rted to be ef fectiv e in reducing posthar-

vest rots of f rui t and vegetables, such as ki-

w if ruit , peaches and straw berries.

2. 2. 1　 HWB: 　 A new ho t wa ter brushing

( HWB) treatment , which sprays hot w ater on

f rui t a s they move along a belt of brush-rollers,

induced resistance against postharv est diseases.

Garcia et al . fo und that a ho t w ater t reatment of

45℃ for 15 min significantly reduced po stha rv est

lo sses o f st raw berry f ruit by delaying the onset of

decay
[22 ]

. Unfo rtuna tely, the frui t display ed

shriv el and loss o f shine because ef fective heat

t reatments against pa thogens are of ten close to

the lev el of to lerance o f the commodi ty. Recent-

ly , a shor t duration heat t reatment ( 10- 30 s) at

v ery high temperatures ( 56- 62℃ ) has show n

promising resul ts for cit rus decay control wi thout

damage to the f rui t
[25 ] . This t rea tment is believ ed

to sani ti ze the f ruit as w el l as induce resistance to

pathogens in some cases.

The HWB trea tment induced the accumula-

tion o f some proteins tha t cross-reacted w ith an

antibody raised against bov ine hea t shock protein

( HSP) . On the o ther hand, the increases in the

accumulation of the 21, 22 and 25 kDa chi tinase

pro teins and of the 38 and 43 kDaβ -1, 3-g lucana-

ses pro teins, which w ere observ ed 1 and 3 d af ter

the HWB treatment w hen the f rui t appeared to be

mo re resistant to Penicil lium digitatum , may be

par t o f the complex f ruit disease resistance mech-

anisms induced by the hea t t rea tment
[23 ]

.

2. 2. 2　 Ionizing radiation: 　 Ionizing radiation is

used as a means of ex tending the shelf li fe of pro-

duce. Dosages o f 1. 5 to 2 ki log ray ( kGy ) , and

some cases 3. 0 kGy ( 300 krad) , had been effec-

tive in controlling decay in several products
[26 ]

.

St raw berry and peach shelf li fe could be ex tended

wi th t rea tments in the range of 2 to 3 kGy
[27 ] .

Research conducted since tha t time suggests tha t

i rradiation can be an impor tant t rea tment to en-

hance safety o f o ther types o f produce. How ever,

commercial applica tion of ionizing a radiation is

limi ted due to the cost and size o f equipment

needed fo r the treatment and to uncertainty about

the acceptability o f i rradiated foods to the con-

sumer
[28 ]

.

2. 2. 3　 Curing:　 Curing of f rui t inoculated wi th

one pathogen could induce resistance against o ther

pathogens; this resistance was mainly localized

in the area of pathogen invasion
[20 ]

. M anipula ting

the po stha rv est envi ronment of cit rus to enhance

the natural resistance to st ress by curing /condi-

tioning had also show n to lessen peel injury in-

duced by regulatory co ld t reatments
[29 ] .

2. 2. 4　 Low-dose UV light: 　 A relativ ely recent

concept in po stharv est disease control is the use

of ho rmetic do ses o f ul trav iolet light to elici t re-

sistance[ 21] . In this case, the low do se ul traviolet

lig ht t rea tments had tw o ef fects on brow n rot de-

velopment: reduction in th e inoculum o f the

pathogen and induced resistance in the ho st. It

has been proved that low doses of UV-C irradia-

tion, which stimula te severa l biological processes

such as respiration, biosynthesis of f lav onoids
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and phytoalexin, and elicitation o f pathogenesis

-related proteins
[ 30] . For this reason, UV-C could

be env isaged as an al terna tiv e to fung icides fo r the

control o f po st-ha rv est diseases.

Recent w orks have show n that the applica-

tion o f UV-C a t low do ses reduced po st-ha rv est

decay, ex tended the shelf li fe, improved quali ty

and delayed maturi ty of sw eet pepper[ 31] , table

g rapes
[ 32] , peaches

[ 33] , mango
[ 34] , s t raw berry

[24 ]

and carro t roo ts
[35 ] . Furthermo re, Stev ens et al .

o bserv ed a po ssible synergistic ef fect betw een the

yeast and UV-C in controlling postharv est di-

sease[ 36] . How ever, UV light has no t become a

practical po stharv est t reatment as yet and re-

quires mo re resea rch.

2. 3　 Chemical agents

Resistance can also be induced wi th chemi-

cals such as DL-3-amino buty ric acid ( BABA) ,

1, 2, 3 - benzo thiadiazole - 7 - ca rbo thioic acid S

-methyl ester ( ASM ) , salicylic acid ( SA ) ,

ethylene, Ha rpin, 2, 6-dichloroisonicotinic acid,

jasmonic acid ( JA ) , methyl jasmonate ( M J) ,

potassium and phospha tes. These compounds

w ere show n to control sev eral fungal , bacterial ,

o r vi ral diseases on both mono-and dicotyle-

dons
[37, 38 ] . Further experiments indicated tha t the

inducing agents reduced disease incidence but not

disease severi ty[39 ] .

2. 3. 1　 Salicylic acid ( SA): 　 Salicylic acid ( SA)

is a na tural phenolic compound present in many

plants and is an impo rtant component in the sig-

nal t ransduction pa thw ay
[40 ] . Exogenous applica-

tion o f SA a t nontoxic concentrations to

susceptible plants could enhance resistance to

pathogens [41 ] . These induced defense responses

by SA are probably involv ed in the expression of a

range of defense genes, especial ly tho se encoding

the pa thogenesis related ( PR) pro teins such as

chi tina se, β -1, 3-g lucanase, and peroxidase
[40 ] .

Recently , a significant increase in po lyphe-

noloxidase, phenylalanine ammonia-lyase, and β

-1, 3-g lucanase activ ity in cherry f ruit s t rea ted by

SA combination w ith antag onistic yeast w as ob-

serv ed in our experiment[ 42] . Therefo re, the

mechanism by which SA enhanced biocontrol ef fi-

cacy of antagonistic yeast may be related to i t s

ability to induce bio chemical defense responses

in sw eet cherry frui t rather than its fungi toxicity

ef fects on the pathogens
[42 ]

.

2. 3. 2　 Ethylene:　 It ha s been proposed tha t

ethylene play s an impo rtant role in controlling de-

fense responses of plants to microbial pathogens.

In plant defense mechanisms, one w ould predict

that t reatment of plants wi th exogenous ethylene

would enhance resistance to subsequent chal lenge

wi th micro organisms o r, conversely , that t rea t-

ment w ith ethy lene inhibi to rs would adversely af-

fect thei r resistance lev el.

Ethylene can induce the synthesis of the anti-

fungal diene in idioblasts and export of this com-

pound to the pericarp of the frui t s. Mo reover,

ex ogenous application o f ethylene to plants can

result in the activ ation of g enes encoding antimi-

crobial pa thogenesis-related ( PR ) proteins
[43 ] ,

cell wall-st reng thening g lycoproteins, or enzymes

invo lv ed in the synthesis of phenylpropanoids
[44 ]

.

2. 3. 3　 Acibenzolar -S-methyl: 　 Acibenzola r -S

-methy l ( 1, 2, 3-benzothiadia zole-7-carbothioic

acid S-methy l ester, ASM ) is a synthetic ana-

logue of SA and has been developed fo r use a s a

crop protect th rough SAR
[45 ] . Huang et al .

demonst ra ted that one application of ASM prior

to f low ering pro tected rock and Hami melon f rui t

f rom several postharv est fungal diseases
[ 46 ]

. ASM

may therefo re become an impo rtant component of

an integ rated pest management ( IPM ) approach

to reduce viral and fungal disease impact on me-

lons
[46 ]

.

2. 3. 4　 DL-β -amino butyric acid ( BABA): 　 Po-

ra t et al . fo und tha t application o f BABA to spe-

ci fic w ound sites on the peel surface of g rapef rui t

could induce resistance to P. digitatum in a con-

centration-dependent manner
[47 ] . The ef fect was
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lo cal and limited to the vicini ty ( wi thin 1- 2 cm )

o f the BABA-treated si te. The induction of resis-

tance by BABA was accompanied by the activ a-

tion o f various pathogen defense responses in the

f rui t peel tissue, including activa tion of chi tinase

gene expression and protein accumula tion af ter 48

h, and an increase in phenylalanine ammonia

lyase ( PAL) activi ty af ter 72 h
[47 ]

.

2. 3. 5　 Jasmonic acid ( JA) and methy l jasmona te

( M J): 　 A larg e body of evidence suggests that

jasmonic acid ( JA) and its esteri fied deriv ativ e,

methyl jasmona te ( M J) a re a key component of

such int racellula r signal in response to pa thogen

a ttack, and that i ts application may , therefo re,

induce disease resistance in a wide va riety of

plants
[48 ] .

Applications o f low concentra tions of jas-

monic acid ( JA) to plants induced pro teinase in-

hibi to rs, proline-rich cell w all protein, and a

range o f enzymes involv ed in plant defense reac-

tions
[49 ]

. In this respect, since JA and M J are re-

ga rded as a natural plant g row th regula to r, i t has

the advantage o f elici ting defense or physio logical

responses to i t s exogenous application to plants at

low concentrations in a non-dest ructiv e man-

ner
[ 50 ] . Our present researches indicated that

methyl jasmonate ( M J) could induce resistance of

peach and apple frui t ag ainst po stha rv est disease,

and the lev el o f induce resistance is significantly

rela ted wi th maturi ty deg ree of the frui t ( unpub-

lished da ta) .

2. 3. 6　 Ino rganic compound:　 In combina tion

Ca
2+

salt s wi th antagonistic y easts ef fectiv ely en-

hanced biocontro l abili ty of the yeasts against

postharvest pathogens in f rui t during storage
[51 ]

.

The infil t ra tion of harv ested f rui ts wi th several

Ca
2+

sal ts initially improved the resistance against

mechanical damages, some phy siological diso r-

ders and frui t quali ty
[52 ]

. It has been communica-

ted that these beneficial effects of titanium are

due to the intensi fica tion o f the Fe activi ty in leaf

chloroplasts and fruit ch romoplasts, and conse-

quently increased metabo lic activi ty and nutrient

absorption
[53 ] . Recent ly , a new w ay, that sodium

bica rbonate in combination wi th antag onistic

yeasts could significantly enhance biocontrol ef fi-

cacy of the yeasts to fungal spoilage of pea rs in

storag e, w as found in our research [54 ] .

2. 4　Natural compounds

2. 4. 1　 Chi to san and Margosan-O:　 Chi tosan, a

natural compound derived f rom animals, i s

known to po ssess antifungal and resistance-elici t-

ing properties and of fers an economically viable

option to synthetic chemical cont rol
[55 ] . Likewise,

Ma rgosan-O, as a natural compound deriv ed f rom

plants, contains a terpenoid compound called

azadirachtin ex t racted f rom the neem tree is a

known biopesticide. Fa jardo et al . repo rted tha t

sw eet orange ( Citrus sinensis cv . ` V alencia’ )

t reated wi th chi tosan or mangosan-O and chal-

lenged by the g reen mo ld pathogen ( P.

digitatum ) show ed a delay in the onset and pro-

g ression of disease symptoms compa red w ith ino-

culated f rui ts not treated wi th the elici to rs
[39 ]

.

2. 4. 2　 Harpin: 　 Harpin is an acidic, hea t-sta-

ble, gly cinerich, 44 kDa pro tein, encoded by the

hrpN gene o f the bacterium Erwinia amylovora.

Dong et al . fi rstly repo rted that bacterial product

was able to elicit the hypersensi tive response

( HR) in plants
[56 ] . De Capdeville et al . also

found tha t ha rv ested Red Delicious apples could

elici t sy stemic acquired resistance ( SAR)
[57 ] . The

lev el o f resistance depended on harpin concentra-

tion, inoculum concentration, and interval be-

tw een treatment and inoculation[56 ] . These stu-

dies have show n that ha rpin trigg ers a va riety of

cellular responses, such as activ ation o f active

oxygen species and cell membrane depo la rization,

which a re known to be involv ed in resistance re-

sponse mechanisms o f systemic resistance
[58 ] . In

addi tion, Ha rpin has been produced commercial ly

as “ Messenger” , which is currently being sug-

gested fo r the contro l of vi ral and fungal diseases,

as w ell as a plant g row th enhancer and a con-

tro ller of selected insect popula tions[59 ] .
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2. 5　 Combination treatments

Resea rchers have been trying to find addi-

tiv es that may enhance the perfo rmance of the se-

lected antagonists, o r integ rating application of

combina tion of antag onists wi th “ phy sical” t reat-

ments, such as pre-trea tment of produce wi th

UV-C ligh t, heat or g amma-irradiation
[60, 61 ]

,

chemical compounds, such as sodium bicarbona te

and ammonium molybda te
[16, 54 ]

, calcium chlo ride

and po tassium so rbate[51, 62 ] , salicy lic acid [42 ] ,

methyl jasmonate[63 ] , as w ell as low tempera ture

and controlled atmospheres
[ 11]

to enhance the re-

sistance of f ruit ag ainst pathogenic fungi during

storage periods. The biocontrol ef ficacy of C.

saitoana could enhance by combining it wi th ei ther

g lycochitosan, fo rming a ` bioactiv e coa ting’ , o r

w ith the sugar 2-deoxy-D-gluco se[64 ] . Both ap-

proaches increa sed the pro tectiv e and cura tiv e ac-

tivi ty of the yea st in contro lling postha rv est di-

seases. Therefore, the use of addi tiv es is a useful

appro ach to improve the efficacy o f y east antag o-

nists used fo r po stharv est disease contro l.

3　 Defense mechanisms of harvested com-

modities

　　 The na tural defense mechanism in f ruits in-

cludes such things as mo rpholo gy changes and

biochemical changes ( Fig . ) .

In response to elici to rs and st ress, frui t pro-

duces lignin and resin, which is a compound tha t

st reng thens cell w alls and chemicals called phy-

toalexins tha t inhibi t the g row th o f the pa thogen.

As the resistance is buil t up, the activi ties of cer-

tain enzymes also increase, including peroxidase

( EC 1. 11. 1. 7) , phenylalanine amonia-lyase ( EC

4. 3. 1. 5) , lipoxygenase ( EC 1. 13. 11. 12) , β-1,

3-g lucanase ( EC 3. 2. 1. 6) , and chitinase ( EC

3. 2. 1. 14) . Th ese enzymes are needed fo r the

production of new compounds.

4　 Conclusion and prospect

Frui ts and vegetables can express induced re-

sistance to postharv est pa thogens when they are

infected by pathogens o r t rea ted by o ther resis-

tance activa ting. In turn, many experiments have

show n that IR can lead to long-lasting , bro ad

-spect rum disease contro l and be used preventive-

ly to bolster g eneral plant health. The avai lability

of this long-lasting , broad-spect rum and poten-

tially stable solution to disease control may have a

posi tiv e impact on harv ested commodi ties
[65 ]

.

Therefo re, induced resistance may be a w o rth-

while st ra tegy for postha rv est disease control.

Fig.　 Induced resistances in harvested commodities
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　　 To fully understand the induced resistance

phenomenon, future resea rch should focus on

cri tically ev aluating the ro les o f the puta tiv e

defenses identified thus far in the expression of

resistance. Use o f t ransgenic plants that are sup-

pressed in the production of PR pro teins is one

appro ach that can be used to evaluate the rela tiv e

contribution of these pro teins in the defense re-

sponse. In addi tion, at tempts should be made to

find mutants that canno t express a specific de-

fense[66 ] , and the usage of RN A blo tting methods

to detect the expression of genes ( pero xidase,

phenylalanine amonia-lyase, lipo xygenase, β -1,

3-g lucanase, and chitinase etc. ) in f rui ts or v e-

getables af ter being challenged w ith elici to rs.

A variety of biocontrol and technical prob-

lems w ill sti ll have to be overcome befo re induced

resistance as an on line practice for the control of

postharvest disea se a re uti li zed. Th erefo re, inte-

g rativ e st ra tegy may be the g reatest promise in

biocontro l o f postha rv est diseases. The va rious

resistance inducing t reatments, especially UV

-ligh t and gamma ir radia tion, wi ll be paid at ten-

tion to the ef fects of f rui t quali ty and safety. In

addition, further research tow ards mo lecular

cha racteriza tion of IR wi th techniques of conven-

tional mutagenesis ( ionizing radiations, muta-

genic chemicals, fungicide o r antibiotic expo sure)

o r o f sexual recombination, through protoplast

fusion o r genetic t ransfo rmation, a s w ell as the

fo rmula tion should be studied further to allow fo r

commerciali zation of the product[67 ] .
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