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Abstract: The non-protein amino acid -aminobutyric acid (BABA) protects numerous plants against various
pathogens. Protection of plants against pathogens involves the potentiation of pathogen-specific defense
responses. Penicillium italicum Wehme is one of the most important postharvest pathogens of citrus fruit.
During the infection of citrus fruit by Penicillium spp. there is little evidence of a host defense response. This
suggests that Penicillium spp. has the ability to suppress host defenses. The effect of BABA-induced
protection  in  sweet  orange  fruit  against  Penicillium  italicum  Wehme  was  studied.  Sweet  orange  fruits
(Citrus  sinensis  [L.]  Osbeck)  cv.  ‘Darabi’)  were  treated  with  30µL  BABA  (0-80  mM)  after  harvest.
Twenty-four  hours  after  the  treatment  with  BABA,  the  fruit were  inoculated with 20 µl of suspension of
P. italicum (1×10  spores ml ) and incubated at 5°C, 90% RH for disease development. In addition to inducing5 1

pathogen resistance, we examine the direct effect of adding BABA (50 to 200 mM) to the suspension culture
of fungus (1×10  spore ml ). Disease incidence and lesion diameter in sweet orange fruit after the inoculation5 1

were significantly reduced by the BABA treatment during the incubation. Also BABA inhibited P. italicum
spore germination and germ tube elongation in vitro directly. These responses may be involved in the induced
resistance against the pathogen infection in orange fruit by BABA treatment. Application of BABA in fruit
possesses promising results in the control of postharvest diseases as an alternative to traditional methods.
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INTRODUCTION commodities  worldwide.  The inability to develop

In tropical developing countries the loss due to post environment-friendly alternatives to control disease has
harvest diseases represents a major economical burden increased the need for more detailed studies of host-
and fungal decay is one of the major factors contributing pathogen interactions in order to characterize the
to loss in stored fruits. It is of uppermost importance to virulence mechanism of Penicillium spp.
develop new strategies for post harvest disease control, Various synthetic and biological compounds have
especially due to the increasing restrictions on the use of been described which are capable of controlling a large
pesticides by the regulatory agencies and consumer variety of plant diseases without displaying a direct
affairs institutions. Postharvest losses of fresh fruits and antibiotic effect themselves. These substances are called
vegetables may reach very high values depending on inducers based on their ability to induce resistance in the
species, harvest methods, length of storage and marketing treated plants. Both biologically as well as chemically
conditions. Postharvest diseases often account for a induced resistance against pathogen attack have been
major part of the losses [1] and their control requires use described  for  many  plant  species  against  a wide
of a large amount of fungicides. Blue mold, caused by variety of pathogens ranging from oomycetes, fungi,
Penicillium italicum Wehmer, is one of the most bacteria to viruses [5]. The aim of this study was to
destructive postharvest diseases of citrus fruits [2-4]. evaluate the effect of induced resistance to sweet orange
Currently, this disease is primarily controlled by to protect fruits against P. italicum. We have found that
application of synthetic fungicides such as imazalil and BABA-treated fruits are protected against infection by
thiabendazole [3,4]. In spite of the application of this fungus.
fungicides and the increased implementation of new -Aminobutyric acid (BABA) is a non-protein amino
biological control strategies, this molds continues to acid,  which  induces  resistance  against  a  broad range
exhibit high infection pressure on stored citrus of  disease-causing organisms, including fungi, bacteria,

resistant germplasm and the lack of efficient and
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Table 1: Overview of plants exibiting induced resistance to different pathogens after BABA-treatment
Plant  Protection against Reference
Pea (Pisum sativum) Aphanomyces euteiches Papavizas [27]
 Cucumber (Cucumis sativus) Sphaerotheca fuliginea Vogt and Buchenauer [31]

Pseudoperonospora cubensis Cohen [12]
Botrytis cinerea Cohen [26]

 Cotton (Gossypium hirsutum) Verticillium dahliae Li et al. [32]
Kalix et al. [24]

 Tobacco (Nicotiana tabacum) Peronospora tabacina Cohen et al. [13]
 Tobacco mosaic virus Siegrist et al. [16]

 Pepper (Capsicum annuum) Phytophthora capsici Sunwoo et al. [17]
Colletotrichum coccodes Hong et al. [15]

 Tomato (Lycopersicon esculentum) Phytophthora infestans Cohen et al. [24]
Meloidogyne javanica Oka et al. [19]
Fusarium oxysporum fsp. lycopersici Cohen [12]
Botrytis cinerea Cohen [12]

 Grape (Vitis vinifera) Plasmopara viticola Cohen et al. [14]
 Melon (Cucumis melo) Pseudoperonospora cubensis Cohen [12]
 Sunflower (Helianthus annuum) Plasmopara helianthi Tosi et al. [18]

P. halstedii Cohen [12]
 Broccoli (Brassica oleracea var italica) Peronospora parasitica Cohen [12]

Alternaria brassicicola Cohen [12]
 Kohlrabi (Brassica oleracea var gongylodes) Peronospora parasitica Cohen [12]

Alternaria brassicicola Cohen [12]
 Corn (Zea mays) Fusarium moniliforme Cohen [12]
 Pearl millet (Pennisetum typhoides) Sclerospora graminicola Vasanthi [33]
 Cauliflower (B. oleracea var botrytis) Peronospora parasitica Cohen [12]

Alternaria brassicicola Cohen [12]
 Potato (Solanum tuberosum) Phytophthora infestans Cohen [12]
Arabidopsis thaliana Peronospora parasitica Zimmerli et al. [21]

Pseudomonas syringae pv tomato Zimmerli et al. [21]
Botrytis cinerea Zimmerli et al. [21]

viruses and nematodes [6-8]. In 1960 first induced since the compound itself did not seem to have any direct
resistance to tomato late blight following BABA treatment antifungal activity and did not affect the growth of
is noted [9]. In 1963, two groups reported on the activity various pathogens in vitro [7,14,17,18]. Moreover, in
of  aminobutrates. MacLennan  et  al.  [10]  showed  that many cases, BABA induced systemic resistance:
D-AABA and AIB (2-aminoisobutyric acid) were active in application to the root system or to the lower leaves of the
apple leaves against scab (but not L-AABA, BABA, or plant induced pathogen resistance in other distant non-
iso-BABA).  In 1963 the partial activity of AABA and treated portions of the plant [13,15,19,20]. It was
high activity of BABA against Aphanomyces euteiches concluded that BABA protects plants from infection by
causing root rot in peas are reported [11]. The interest in potentiating pathogen-specific resistance mechanisms
amino acid-mediated induced resistance was renewed [21,22].
about 30 years later when we discovered a strong activity The mode of action of BABA in inducing plant
of BABA against disease in potato [12], tomato [13] and pathogen resistance is not yet fully understood. However,
tobacco [13] and revealed some of the defense several reports indicated that BABA activated
mechanisms it activates in tomato [14] and tobacco [13]. pathogenesis-related (PR) protein accumulation. For

Most of the studies describing the phenomenon of example, BABA induced PR-1,chitinase and -1,3-
BABA-induced disease resistance were done in annual glucanase protein accumulation in pepper, tomato and
weedy plant species, especially those belonging to the tobacco [13,14,16,23]. On the other hand, although BABA
Solanaceae family [13-16]. BABA has a broad spectrum increased disease resistance it did not induce PR-protein
of activity against many disease-causing organisms such accumulation in cauliflower, Arabidopsis or tobacco,
as viruses, bacteria, fungi and nematodes (Table 1). This suggesting that activation of PR-proteins cannot be its
wide range of activity supports the notion of BABA as an only mode of action [8,13,20,24]. Other host pathogen
inducer of resistance and not simply a biocidal substance. defense  responses  that  were  reported  to  be induced
The reduction in disease incidence that follows the by BABA include induction of the hypersensitivity
application of BABA must result from its effects on the response, callose deposition and lignin accumulation
induction of pathogen defense responses in the host [16,21,25].   In   any  case,   BABA  may  induce  pathogen
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Fig. 1: Model for the Priming Mechanisms behind
BABA-IR against blue mould decay. Infection
by   P.   italicum   leads   to   activation  of  the
SA-dependent  defense pathway. Treatment
with  BABA  primes  for SA-dependent
defenses,  resulting  in  augmented  expression
of SA-dependent resistance during infection by
P. italicum. The expression of this BABA-IR is
marked by enhanced expression of the PR-1
gene

resistance in plants either through the activation of a
signaling pathway that is dependent on salicylic acid (SA)
(Fig. 1) through the activation of a novel signaling
cascade that is not dependent on the SA, jasmonic acid
(JA) or ethylene signaling pathways [21,22].

MATERIALS AND METHODS 

This study was conducted during February to march
2008 in laboratory of Postharvest Physiology of
Department of Horticultural Science at Shiraz University.

Fungus: P. italium Wehmer, isolated from citrus fruits in
our laboratory and were maintained on potato dextrose
agar  (PDA:  extract of boiled potatoes, 200 ml; dextrose,
20 g; agar, 20 g and deionized water, 800 ml). A spore
suspension of the pathogen was prepared from 14-day-
old  culture  dishes  incubated  at  25°C by flooding with
10 ml of sterile distilled water containing 0.5 ml of Tween
80 per liter. The spore concentration was determined with
a haemocytometer and adjusted to 1×10  spores per ml5

with sterile distilled water.

Fruits: The ripe oranges (Citrus sinensis [L.] Osbeck) cv.
‘Darabi’ (approximately 15 cm perimeter) were acquired

from a local commercial orchard and selected for lack of
lesions or injuries. The fruits washed with tap water,
superficially disinfected by spraying technical grade
(75%) ethanol and air dried prior to wounding.

Efficacy  of BABA to Induce Resistance for Controlling
P. italium: Four uniform wound was made around the
entire equatorial region of each orange with a sterile
dissecting needle. The wound was approximately 3 mm
wide and 2 mm deep. Thirty micro liter of aquatic BABA
solution in desired concentration (0, 10, 20, 40 and 80 mM)
was injected in these wounds. Fruits placed in plastic
bags and incubated in room temperature, 24 h later, each
wound was inoculated with 20 µl of a suspension of 3×105

spores of P. italium per ml. Fruits were air dried, then put
into 440 mm x 300 mm x 100 mm plastic trays, retained high
humidity (about 90%) and stored at 5°C. Infection
incidence was observed periodically up to 30 days. There
were four replicate trials of 5 fruits per treatment with a
complete randomization of trays in each test. 

Assessment of Lesion: The wound sites on fruits were
examined regularly to detect mould and regarded as
infected if a visible lesion was observed. Results were
expressed as percentage of fruit infected. Diameter of
lesions also measured to express the extension of
infection.

Effect of BABA on P. italicum Growth in vitro: To
evaluate the interactions between the BABA and the
pathogens in culture, spores of P. italicum were
suspended in Potato Dextrose Broth (Difco) at a final
concentration of 1×10  spore ml . Aliquots (450 µl) of5 1

spore suspensions were transferred to wells of tissue
culture clusters and 50-µl aliquots of the various BABA
stock solutions were added to give final concentrations of
0, 50, 450 and 200 mM. Samples of the various test
solutions (30-µl drops), were placed on ethanol-washed
microscope slides (three drops per slide) kept in Petri
dishes padded with moistened filter paper and incubated
for 24 h at 25°C in darkness. Spore germination and germ
tube elongation were measured in three microscope fields,
each containing 40-50 spores, under a light microscope.
Length of mycelium was determined with drawing
microscope (100x). 

Statistical Analysis: The incidence and severity of decay
were analysed by an analysis of variance (ANOVA) with
SPSS Software (version 12.0). The mean values were
compared using LSD test at P = 0.05. The experiment was
repeated twice.
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RESULTS that in control untreated wounds, whereas at

Effects    of    BABA   on   Induction   of   Resistance   to infection   by    just    43%    and    32%,   respectively
P. italicum in Sweet Orange: To examine the effects of (Fig. 2).
BABA on the induction of resistance to P. italicum in
sweet orange, artificial wound sites were pretreated with
different concentrations of the compound and inoculated
24 h later. The results (Fig. 2) showed that treatments with P. italicum spore germination and germ-tube elongation
BABA effectively reduced the incidence percentage of in vitro, fungal spores were incubated in growth medium
blue mould decay development in the infected wounds in containing various concentrations of BABA. The results
a concentration dependent manner, with a peak of efficacy (Fig. 3) showed that adding BABA to culture media
at 40 mM. At the optimal concentration (40 mM) BABA causes a marked reduction in percentage of germination
reduced  decay  development  by 60% as  compared with and germ-tube elongation.

concentrations    of   80   and   10   mM,   BABA   reduced

Effects   of BABA   on   Germination   and   Growth   of
P.   italicum:   To   examine   the   effects   of   BABA   on

Fig. 2: Effects of BABA concentrations on blue mould decay development following artificial inoculation of orange with
P. italicum. Surface wounds were treated with 30 µl of various concentrations of BABA and after 24 h were
inoculated with P. italicum. Decay was evaluated after 30 days of incubation at 5°C. Data are means of 80 wounds
per treatment

Fig. 3: Effect of BABA concentrations on germination percentage and germ-tube length of P. italicum. Spores of P.
italicum were grown in Potato Dextrose Broth containing various concentrations of BABA. After 24 h, the
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DISCUSSION The optimal concentration of BABA (40 mM)
required to induce disease resistance in sweet orange was

The deterioration of food by fungi results in the same as that previously reported for other plant
economical losses ranging from 5 to 20% of the species [19,20,24,29]. A possible explanation that such a
production in developed countries and can be as high as high concentration of BABA is needed to elicit disease
50% in regions with a tropical climate [9,14,25]. It is resistance is probably that only a small portion of the
estimated that up to half of all fruits harvested is lost due compound is actually absorbed by the tissue and also
to  fungal and pests decay worldwide [6]. Considerable that, of the entire BABA compound mixture only a small
effort has been done to diminish those losses and the portion of its R-anantiomer isoform was found to be active
storage time of fruits has increased since the 1960's mainly in inducing pathogen resistance [7,14].
due to new technologies for temperature and humidity In all of the studies that we are presently aware of,
control, as well as the use of fungicides [19]. The use of BABA did not exhibit any direct antifungal activity and
fungicides has been efficient in decreasing losses due to did not affect spore germination and germ-tube elongation
deterioration of food, but also generates health and of Phytophthora infestans, Phytophthora capsici,
environmental concerns mainly due to the carcinogenic Peronospora tabacina and Plasmopara helianthi
and/or teratogenic properties of the compounds and by [13,17,18,24]. In those studies, however, the maximum
their cumulative toxic effects [25,26]. About US$30 billion BABA concentrations tested were 10-20 mM. In the
are spent yearly worldwide in pesticides and recent data present study, the antifungal effects of much higher
show that there are approximately 25 million occupational concentrations of BABA were tested. Application at
pesticide poisonings each year among agricultural concentrations of 50-200 mM increasingly inhibited P.
workers in developing countries [24,27]. italicum spore germination and growth in vitro (Table 2).

BABA induces disease resistance in a wide variety of Nevertheless, it should be noted that although increasing
plants [6,7,18,21]. However, all of the studies that have concentrations of BABA in the fungus growth medium
been done hitherto addressed the induction by BABA on exhibited progressively increasing antifungal properties,
pathogen resistance in the vegetative portions of the its optimal concentration for the induction of disease
plant, whereas in the present study we showed that resistance was at a lower level (only 40 mM), suggesting
BABA may increase disease resistance in reproductive that its major effect was probably through the induction
tissues, such as mature fruit tissues of sweet orange. of pathogen resistance rather than as a pathogen growth

This study reports that BABA induced resistance in inhibitor. A similar contradictive effect was also detected
orange peel tissue against infection of P. italicum in a in other cases. For example, JA was most effective in
concentration-dependent manner and the optimum enhancing resistance against Botrytis cinerea in cut rose
concentration was 40 mM (Fig. 2). A similar phenomenon flowers when it was sprayed at an optimal concentration
of maximal induction of resistance to P. digitatum in of 200 µM, but  showed  direct antifungal activity in vitro
grapefruit at an optimal concentration was also observed at rather higher concentrations of up to 400 µM [30].
following application of other elicitors, such as jasmonic Our results showed that BABA treatment may
acid (JA) [28]. Therefore, these data suggest that BABA, induced resistance against the pathogen infection in
like JA probably acts as a plant growth regulator, which orange fruit. Application of BABA in fruit possesses
is most effective when applied at an optimal concentration promising results in the control of postharvest diseases
and not as a fungicide which usually becomes continually as an alternative to traditional methods.
more effective as the dose increases. Furthermore,
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