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CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Citrus (Citrus sinesis L.) is one of the most important fruit crops known by humans since
antiquity and is a good source of vitamin “C” with high antioxidant potential (Gorinstein et
al., 2001). Citrus originated from south-eastern Asia, China and the east of Indian
Archipelago from at least 2000 BC (Swingle, 1943; Webber et al., 1967; Gmitter and Hu,
1990). The fruit has been introduced to the new world via the great trade routes of Africa to
the eastern Mediterranean basin by the Arab traders while the crusaders brought the fruit to
Italy, Spain and Portugal around 1000 AD (Scora, 1975). The fruit was introduced further to
the western hemisphere by Columbus on his second voyage in 1493 (Samson, 1980) and the
planting material to the Cape in South Africa by a Dutch merchant in 1654 (Oberholzer,
1969). Currently, citrus is cultivated in the subtropical and tropical regions of the world
between 40° north and south latitude in over 137 countries on six continents and generates
about 105 billion US dollar per year in the world fruit market (Ismail and Zhang, 2004). In
Ethiopia, although the introduction, production and consumption of citrus as a horticultural
crop is very recent (Seifu, 2003), the current production and area coverage has increased

through private, association and government firms to meet the local and export demands.

As with other fruits, citrus is attacked by several pre- and/or postharvest pathogens that affect
fruit quality. Green and blue mould infections caused by Penicillium spp. (Droby et al.,
1989), anthracnose caused by Colletotrichum gloeosporioides Penz (Whiteside et al., 1988;
Davies and Albrigo, 1994), and sour rot caused by Geotrichum candidum Link ex Pers
(Howard, 1936; Whiteside et al., 1988; Chalutz and Wilson, 1990) are some of the major
postharvest problems that cause market losses. In developing countries, where protection and
proper handling of fresh fruit is inadequate, losses during transit and storage are even greater
mounting up to about 50% of the harvested crop (Wisniewski and Wilson, 1992). In Ethiopia,
although there are not much comprehensive data available, estimates by Eyob (1997) showed

that more than 50% of the fresh fruit produced is lost postharvestly.

Currently, to minimize losses caused by citrus fruit pathogens, synthetic chemicals are applied

either pre- or postharvestly. However, the application of synthetic chemicals to control
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postharvest diseases often result in chemical residues on food that may affect human health
(Norman, 1988). In addition, the development of chemical resistant strains may result in

reduced efficacy of synthetic chemicals (Janisiewicz, 1987; Wilson and Wisniewski, 1989).

Development and use of alternative postharvest control options involving biological agents
are critically important (Conway et al., 1999; EI-Ghaouth et al., 2000; Korsten et al., 2000;
Janisiewicz and Korsten, 2002). Moreover, natural plant extracts may provide an
environmentally safer, cheaper and more acceptable disease control approach (Kubo and
Nakanishi, 1979; Dixit et al., 1995; Wilson et al., 1997).

This chapter briefly reviews postharvest diseases generally, with particular emphasis on those
important in Ethiopia. Non-chemical control options that have been studied so far and/or are
currently in use are also reviewed. The possible mode of action of biopesticides is also

reported. The future use of biocontrol agents from an Ethiopian perspective is also discussed.

2.2 World citrus production, consumption and marketing

Of the total world citrus production, sweet orange (C. sinensis) constitute the most important
proportion accounting for more than two thirds of global area coverage (FAO, 2004).
Currently, ten species of edible citrus are known of which eight are commercially cultivated
and five are of great economic importance (Salunkhe and Desai, 1984). Annually, more than
104 million tons of citrus are produced and about 15 million tons are traded (FAO, 2004). In
Africa, the total surface area under citrus production is 1.3 million hectares, of which, 44 000
ha is in South Africa and 4 500 ha in Ethiopia (Table 2.1). Despite its recent introduction to
Ethiopia (Seifu, 2003), citrus farming is scattered throughout the country (Lipsky, 1962;
FAO, 1965).

2.3 Citrus fruit diseases

Postharvest losses and decay of citrus fruits can be traced to infections that occur either
between flowering and fruit maturity or during harvesting and subsequent handling and
storage activities. Preharvest infections are mainly caused by fungal pathogens such as
Phytophthora spp. Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. in Penz, Botrytis
cinerea Pers ex Fr, Diplodia natalensis Pole-Evans, Phomopsis citri Faw, and Alternaria citri
Ellis and Pierce (Browning et al., 1995; EI-Ghaouth et al., 2002).
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Table 2.1 A comparison of Ethiopian and South African citrus production area and volumes compared to the
rest of the continent and the world for the period 1985-2004

(%) (%)
Growth of Growth of Reference
Country Total area harvest (ha)  total area  Total production Mt/year production

harvest
World 4908 106 — 7 090 356 30.8 64 053 474 -103 685 840 37.6 FAO, 2004
Africa 1009 277 -1325 135 23.84 6 821 085 — 11 088 509 38.5 " "
South Africa 35400 - 69 200 48.8 706 228 -1 712 149 58.75 " "
Ethiopia 3115-4800 35.1 23 600 — 29 800 20.8 CACCE, 2003; FAO, 2004

Legend: CACCE = Central Agricultural Census Commission of Ethiopia.
FAO = Food and Agriculture Organization.
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Stem-end fruit infections caused by Diplodia, Phomopsis, and Alternaria spp. remain
quiescent until the fruit becomes senescent during prolonged storage (Salunkhe and Desali,
1984; El-Ghaouth et al., 2002). Infections initiated by Phytophthora spp. occur during wet
periods before harvest, while B. cinerea infections can occur in the orchard and during storage
(Batta, 2004). On the other hand, postharvest infections that occur through surface wounds
inflicted during harvest and subsequent handling are mainly caused by pathogens such as
Penicillium digitatum Sacc, Penicillium italicum Wehmer, Geotrichum citri-aurantii (syn. G.

candidum Link ex Pers), and Trichoderma viride.

Among the wound pathogens, green mould (P. digitatum) and blue mould (P. italicum)
account for most of the decay of citrus fruit worldwide (Plaza et al., 2003). Sour rot caused by
G. citri-aurantii is the most rapidly spreading postharvest disease and can be severe on fruit
stored at temperatures above 10 °C (El-Ghaouth et al., 2002). Some diseases such as algal
disease (algal climb), canker and insect damage caused by thrips, which cause superficial
(rind blemish) problems, do not affect yield or juice quality but may affect market appeal
(Whiteside et al., 1993). In addition to these, fruit infections triggered by insect, mite and
fungal attacks could be more intense and difficult to control in humid lowland areas of the
tropics (Samson, 1980). Worldwide, postharvest losses of fruits and vegetables have been
estimated to be 25% (Wisniewski and Wilson, 1992). In developing countries, where
protection and proper handling of fruit is lacking or minimal, the losses can be as high as 50%
(Coursey and Booth, 1972). In Ethiopia, such an estimate is considered conservative (Eyob,
1997). However, a higher percentage of what could be expected because of poor handling
practices, lack of cool storage facilities and insufficient postharvest treatments (Eyob, 1997).
A summary of the major citrus postharvest diseases, causal agent, infection type and site and

spread of citrus disease infection is depicted in appendix I table 1).

2.3.1 Major citrus postharvest diseases epidemiology and control

2.3.1.1 Green mould

Over 99 species of Penicillium have been described (Carlos, 1982). Conidia of P. digitatum,
the causal agent of green mould, are produced in chains and may vary in size (4 -7 x 6 — 8
um) and shape (Fig. 2.1a and b) (Carlos, 1982). Colonies on artificial media are similar in

appearance to the mould that develops on infected fruit.
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Fig. 2.1.Reproductive structures of Penicillium digitatum, a) Spores, (b) Conidiophore
bearing spores producing phialides (Courtesy: Morgan, 2006).

2.3.1.1.1 Symptoms

Moisture plays an important role in enhancing spore growth and development. The initial
symptom of green mould appears as a soft, watery, slightly discoloured spot with 6 — 12 mm
diameter initially similar to sour rot and blue mould infections (Brown, 1973). Spores from
the surface of infected fruit, air, field, packing area, storage room, transport containers and
market places are the source of infection. The lesion diameter enlarges to 2-4 cm within 24-36
h at room temperature and the decay soon involves the juice vesicles. In five to six days, olive
green spores are produced following the appearance of white mycelium around the rind
encompassing the entire fruit (Fig.2.2).

(http://www.sardi.sa.gov.au/pages/horticulture/citrus/hort citp postpacksanitation.htm)

Fig. 2.2. Citrus green mould on fruit
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2.3.1.1.2 Disease cycle and epidemiology

Green mould survives in the orchard from season to season primarily as conidia. Infection is
initiated by airborne spores, which enter the rind through mechanical injuries (Kuramoto,
1979). Nutritionally, the pathogen is a necrotroph, which require nutrients only for
germination around the wound site (Janisiewicz et al., 2000). A minor injury to the oil glands
during harvesting and transportation promotes infection (Brown, 1973). In packed containers,
the fungus doesn’t usually spread from decayed fruit to adjacent intact healthy fruit. Instead,
the infection and sporulation cycle can be repeated many times through the season in a
packinghouses and inoculum pressure increases as the picking season advances, if precautions
are not taken (Janisiewicz and Korsten, 2002). Contamination spread when spores detach
from diseased fruit during the opening of packing cartons. Green mould develops most
rapidly at temperatures near 24 °C and more slowly above 30 °C and below 10 °C. Rotting is

almost completely inhibited at freezing temperature (0-1 °C) (Plaza et al., 2004).

2.3.1.2 Sour rot
Endomyces geotrichum Butler and Petersen (anamorph, Geothricum candidum Link ex Pers.)

the causal agent for sour rot presents some conidia of 2 - 8 x 3 - 50 um diameter (Fig. 2.3a).

The fungus grows rapidly on potato dextrose agar, producing a dull gray-white colony with
chains of arthrospores (Fig. 2.3b) (Butler and Eckert, 1962).

Fig. 2. 3. Reproductive structure of Geotrichum candidum, a) Conidia and b) Chains of

arthrospores appearing dull gray white colony (bar = 1um).

2.3.1.2.1 Symptoms

Citrus sour rot infection has the most unpleasant smell of all decays known. The initial
symptoms of sour rot infections are similar to those of green and blue moulds. The cuticle is
more susceptible to handle as compared to the lesions formed by Penicillium-induced moulds
(Sommer and Ewards, 1992). The fungus degrades the rind, segment walls, and juice vesicles

into a slimy, watery mass. At high relative humidity, the lesions may be covered with a
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yeasty, sometimes wrinkled layer of white or cream-coloured mycelium (Baudoin and Eckert,
1982) (Fig.2.4).

Fig. 2. 4. Sour rot infection caused by Geotrichum candidum.

2.3.1.2.2 Disease cycle and epidemiology

The pathogen occurs commonly in soils and is windborne or splash borne to surfaces of fruit
within the tree canopy. As fruits mature, they become more susceptible to sour rot infection
(Baudoin and Eckert, 1982). Disease development depends on high humidity and temperature
above 10 °C, with the optimum range being 25-30 °C. Spores-laden watery debris from
infected fruits and orchard soils may contaminate dip thanks, drenchers, washer brushes, belts
and spread to other fruits on the packing line. Upon infection, the sour odour associated with
the advanced stages of sour rot attracts flies (Drosophila spp.), which can disseminate the

fungus and cause other injured fruit to become infected.

2.3.1.3 Brown Rot
Phytophthora spp. [Phythophthora nicotianae Van Breda de Hann (syn. =P. parasitica
Dast.)] is the causative agent of citrus brown rot, which develops mainly on fruits growing

near the ground (Timmer and Menge, 1988).
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Fig. 2.5. Sporangia and zoospores of Phytophthora spp. a) Sporangia and zoospores b) a

sporangium releasing zoospores, and ¢) Oospores of Phytophthora spp. in a culture plate
(Courtesy: Babadoost, 2006).
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2.3.13.1 Symptoms

Phytophthora infection may cause various disease symptoms on the mature fruit, trunk and
root of citrus trees. Infection on fruit starts when Phythophthora spores from the soil splash
onto the tree during rainstorms and infections develop under continual wet conditions.
Initially, the firm, leathery lesions have a water-soaked appearance, but they soon turn soft
and have a tan to olive brown colour and pungent odour (Fig.2.6). On the tree trunk and roots,
shelling and scaling of the bark and development of lesions and gumming are common

symptoms.

Fig. 2.6. Phytophthora spp. infection (Brown rot) on fruit (Courtesy: Futch and
Timmer, 2001).

2.3.1.3.2 Disease cycle and epidemiology

Phytophthora spp. are present in almost all citrus orchards (Ann et al., 2004). Under moist
conditions, the fungi produce large numbers of zoospores, which are splashed by rain or
irrigation water onto the tree trunks, and low hanging fruits. The pathogen then develops
rapidly under moist, cool conditions. On fruit, the infection progresses over the surface, but
not beyond the albedo (Fig.2.6). Infected fruits in the early stage of disease development may

go unnoticed at harvest and infect other fruit during storage.

2.3.2  Postharvest citrus disease control

Fungicides are commonly applied as field sprays to control fruit diseases and cold chain
management practices applied to prevent and/or control quiescent fungal infections of fruits.
Despite the use of fungicides, the losses of up to 20% of the harvested product are still
recorded in countries even with advanced cold storage facilities (Cappellini and Ceponis,
1984). In developing countries, where the disease management practices and proper handling
of postharvest commodities are poor, postharvest losses of fruits and vegetables are rated to
about 50% (Eckert and Ogawa, 1985). To minimize losses and improve the shelf life of fruits
and vegetables, the application of good pre- and postharvest practices including sanitation,
careful harvesting and effective cold chain management practices are crucial.
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2.3.2.1 Chemical control

Currently, 23 million kg of fungicides are applied annually to protect crops against diseases
and pests throughout the world. Of this, about 26% of crop protectants are used in Europe,
North and South America, Oceania and Asia (Tripathi and Dubey, 2004), while Africa
constitutes the rest of chemical marketing and use. The application and marketing of
fungicides in the USA have been reduced by 1.3% and 6% respectively (Tripathi and Dubey,
2004).

The perception that pesticides are harmful to human health and the environment has lead to
the implementation of more restrictive legislation dealing with allowable chemicals and
residue levels. Other problems associated with excessive use of pesticides are the
development of resistant strains to tiabendazole (Timmer and Duncan, 1999), imazalil (Bus et
al., 1991; Eckert et al., 1994; Timmer and Duncan, 1999) and benomy! (Bus et al., 1991). In
addition to these, an ecological shift or imbalance in microbial populations is often the result
of continuous pesticide use (Reimann and Deising, 2000). The major groups of commercial
pesticides, their use and reported pathogen resistance development are summarized in
appendix 1 table 2.

2.3.2.2 Non-chemical disease control strategies

The development of alternative postharvest disease control options using either microbial
agents (Conway et al., 1999; El-Ghaouth et al., 2000; Korsten et al., 2000; Janisiewicz and
Korsten, 2002; Pang et al., 2002; Ismail and Zhang, 2004) or natural plant products (Kubo
and Nakanishi, 1979; Dixit et al., 1995; Wilson et al., 1997; Obagwu and Korsten, 2003) have
become more important as successful commercial applications have gained ground.
Biopesticides (microbial agents and natural plant materials) have the potential to be more
environmentally safe and more acceptable by the general public for human use.

2.3.2.2.1 Cultural and physical requirements

Cultural and physical activities represent non-chemical strategies that require manipulation of
the environment to decrease disease pressure. In citrus field management systems, soil
drainage improvement, use of ridges (to allow air movement and draining in the juvenile
phase of crop growth), use of block-raising techniques for better spacing and removal of the
inoculum sources are amongst the most prominent practices involved in cultivation of citrus
(Dixon, 1984).
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At fruit harvesting, maximum care is required to prevent punctures, bruises, and abrasions on
fruit rind. Harvesting by clipping reduces the possibility of inflicting wounds as compared to
pulling (Claypool, 1983). Citrus fruit subjected to dehydration at low relative humidity after
harvest is prone to stem-end rind breakdown, a physiological injury which can predispose
fruit to decay (Wardowski and Brown, 2001). Therefore, temperature and humidity
management in the postharvest arena is crucial to avoid deterioration of produce and the
initiation of infection. The relative humidity (RH) of fruits kept in pallet boxes should be
between 90% to 98%, whereas in fibreboard cartons between 85-90% to prevent carton
deterioration (Wardowski and Brown, 2001). Effective sanitation practices during pre- and
postharvest handling can greatly reduce the incidence of decay. Separation of sound fruits
from the decayed ones in storage or distribution or repack centres reduces possible sources of

inoculum and prevents contamination (Wardowski and Brown, 2001).

2.3.2.2.2 Bio-pesticides
Bio-pesticides are the new generation crop protectants based on naturally occurring microbial

communities on plant surfaces and use of extracts from plant materials.

Microbial pesticides are antagonistic microorganisms, which are screened and developed for
their antipathogenic activity. Antagonistic microorganisms can be collected from several
sources such as dead arthropods, disease suppressive soils, and healthy plants in epidemic
areas. However, epiphytic microflora derived from the commodity to be protected is the most
adequate candidates (Wilson and Wisniewski, 1989). In various ways, viruses, bacteria, fungi
and micro-fauna have all been observed to give some level of disease control. However, the
greatest interest is directed at the use of bacteria and fungi to control soil borne, leaf and fruit
diseases (Whipps and McQuilken, 1993). These probably may be attributed to the easy

manipulation of the microbial strains as required.

Several species of bacteria and yeasts have been reported to reduce fungal decay of pome
fruits (Janisiewicz, 1985; Mercier and Wilson, 1994; Janisiewicz et al., 2000), apple
(Janisiewicz, 1988; Roberts, 1990; Vero et al., 2002; Spadaro et al., 2002; Batta, 2004), grape
fruit (Droby et al., 2002), avocado (Korsten and De-Jager, 1995; Demoz and Korsten, 2006),
pear (Zhang et al., 2005) and mango (Korsten et al., 1991; Koomen and Jeffries, 1993;
Govender and Korsten, 2006). Currently, several antagonists have been registered in South
Africa for control of postharvest diseases of avocado such as Bacillus subtilis (Avogreen) and
pome fruit Cryptococcus albidus (YieldPlus) (Janisiewicz and Korsten, 2002). Other
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commercial products such as Pseudomonas syringae (BioSave 110 and 111) to control
Geothricum candidum and Candida oleophila (Aspire ™) to control penicillium on citrus and
pome fruit have been registered by Ecogen Inc. in the USA (Shachnal et al., 1996).
Biopesticides currently registered for commercial use are summarized in appendix 1 table 3.

In citrus, several bacteria such as Bacillus spp. have been reported to reduce postharvest
decay (Huang et al., 1992; Obagwu and Korsten, 2003). The citrus phylloplane contains a
complex and diverse population of microorganisms adapted to survive by competition. The
use of such organisms could provide alternatives to the use of fungicides (Janisiewicz and
Korsten, 2002).

The disease control mechanisms of biopesticides include multiple modes of actions
[production of antibiotics (Fravel, 1988), induction host resistance (Droby et al., 2002; Poppe
et al., 2003), synthesis of phytoalexins and/or the accumulation of an extra cellular matrix
(Janisiewicz, 1988; Lima et al., 1998; Chan and Tian, 2005), competition for nutrients and
space (Janisiewicz et al., 2000), siderophores production and direct interaction with the
pathogen (Neilands, 1981; Schwyn and Neilands, 1987; Buyer et al., 1989), and/or volatile
production (Fravel, 1988)] are involved. Mode of actions of some microbial antagonists are
depicted in appendix 1, table 4. Although several modes of action have been described for
biopesticides, all mechanisms have not been fully elucidated (EI-Ghaouth et al., 2002). It is
therefore essential to elucidate the mode of action of each and single new biopesticide.
Competition for nutrients, space and induction of host resistance are mechanisms
demonstrated by many researchers (Janisiewicz and Korsten, 2000, 2002; Porat et al., 2002;
Plaza et al., 2004) and are currently used as a major criterion for selection of new biocontrol

agents for postharvest applications.

An important consideration in pre- and postharvest application of biocontrol agents is the
ability of the microorganism to survive at sufficient population levels on fruit surfaces after
application and rapid colonization of wound sites by organisms competing with the pathogen
for nutrients and/or space (Janisiewicz et al., 2000). In order to be a successful competitor at
the wound site and colonize the area, the antagonist must have the ability to adapt more
effectively than the pathogen to various environmental conditions such as low concentrations
of nutrients, varying range of temperatures and pH (Janisiewicz et al., 2000; Nunes et al.,
2001). During the last decade research on citrus biocontrol focused on microorganisms

colonizing the wound site and competing with pathogens for nutrients. Among these are
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Cryptococcus infirmo-miniatus, Rhodotorula glutinis (Chand-Goyl and Spotts, 1996),
Cryptococcus laurentii (Roberts, 1990) and Candida oleophila (Hofstein et al., 1994) all
effective against Penicillium expansum and Botrytis cinerea (causal agents of blue mould and
gray moulds, respectively). Debaryomces hansenii (Chalutz and Wilson, 1990) has also been
developed against green and blue moulds as well as sour rot.

On the other hand, the induction of host resistance is one of the mechanisms involved via the
activation of the key regulatory enzyme, phenylalanine ammonia lyase (PAL) and/or
peroxidase (PO) towards the synthesis of soluble and/or insoluble phenolics, respectively
(Harborne, 1964; Porat et al., 2002; Poppe et al., 2003). Citrus peel produced a secondary
metabolite, citral, which is believed to influence fruit resistance to disease attack (Rodov et
al., 1995). Application of antagonists and/or natural plant products on citrus fruits could
involve a series of reaction steps, which could alter the amount and activity of citral.

Therefore, understanding the mode(s) of action of effective biocontrol agents is important
both for improving their performance through the development of formulations enhancing the
expression of useful traits, and to establish screening criteria for searching for new potential
antagonists. The general outline for antagonist development and registration for use is

described in figure 2.5.

2.3.2.2.3 Plant extracts as a biological control

The use of plant extracts has long been identified as a traditional means to control plant
diseases (Ark and Thompson, 1959; Cowan, 1999). However, the actual use of these products
in plant disease control has only recently become an important field of study (Obagwu, 2003).
The family of higher plants and shrubs, particularly of tropical flora has been shown to
provide potential source of naturally produced inhibitory chemicals (Kubo and Nakanishi,
1979). The natural products of plant extracts such as volatile chemicals (Wilson et al., 1987,
Dixit et al., 1995; Poswal, 1996; Dudareva et al., 2004), essential oils (Reuveni et al., 1984;
Tiwari et al., 1988; Poswal, 1996; Meepagala et al., 2002; Singh et al., 2004) and phenolic
compounds (Harborne, 1964; Regnier and Macheix, 1996; Tripathi et al., 2002) has been used
successfully to control postharvest diseases of some agricultural crops, stored fruits,
vegetables and food commodities. Moreover, the anti-fungal properties of garlic (Allium
sativum L) have also been reported (Bisht and Kamal, 1994; Obagwu et al. 1997; Sinha and
Saxena, 1999; Obagwu, 2003) to control fungal infestations.
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Mammed (2002) has reported the strong anti-fungal activity of a non-identified plant species

“muka ajua” of Ethiopia, which has been used in grain storage. Further studies made on the

natural products of Ethiopian medicinal plants (Dagne and Abate, 1995) indicated the

potential use of tropical flora as a useful source for selecting natural plant products.
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Fig. 2.5. A general outline in selection, screening and development of microbial pesticides.
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The anti-helimentic activity of Hagenia abyssinica (Bruce) Gmel. (Rosaceae), anti-tumour
and anti-malarial activity of Brucea antidysenterica Mill. (Simaroubaceae) (Kupchan et al.,
1973; Phillipson and Wright, 1991), anti-leukaemic activity of Maytenus ovatus Loes.
(Celastraceae) (Kupchan et al., 1973), analgesic and antipyretic activity of Teclea nobilis
Delile (Rutaceae) and Taverniera abyssinica A. Rich. (Leguminosae) (Mascolo et al., 1988),
antimicrobial activity of Premna schimperi Engl. (Verbenaceae) against Staphylococcus
aureus (Habtemariam et al., 1993) and mulluscicidal activity of Phytolacca dodecandra

(Lemma, 1965) are some of the many reported activities among Ethiopian flora.

Numerous antimicrobial and antifungal compounds exist naturally in plants. Plant phenolics
are a diverse and abundant group of naturally occurring plant substances produced by wide
range of plants (Cowan, 1999). They are characterized by the possession of aromatic rings
that bear hydroxyl constituent including their functional derivatives. Most phenolic
compounds are derived biosynthetically from 5-dehyderoquinate via the shikimic acid
pathway or from acetate via polyketide metabolism (Fig. 2.7) (Harborne, 1964). Woody
plants can synthesize and accumulate in their cells a great variety of secondary metabolites
including low molecular weight phenolics (hydroxybenzoic and hydroxycinnamic acids,
acetophenones, flavonoids, stilbenes and lignans (and oligo- and polymeric forms
(hydrolysable and condensed cell-bound tannins and lignins) (Fig.2.6) (Harborne, 1964). The
most abundant phenolics with high biomass are derived from phenylpropanoid and flavonoid

biosynthesis pathways (Harborne, 1964; Robinson, 1980).

The biological significance of phenolic compounds can largely be attributed to their chemical
property and reactivity (Cutler and Hill, 1994). They are generally present in the cell as
glycosides or esters and are thus fairly polar (Harborne, 1964). They provide pigmentation,
protection, structural support to cell wall and act as regulators of growth and development
(Harborne, 1964; Robinson, 1980; Larson, 1988). Phenolic compounds make land plants
adapt to UV light and ozone toxicity (Larson, 1988). Other inhibitory, stimulating and/or
synergistic effects of phenolic compounds on biochemical or physiological processes and
phototropism reactions mediated by phenolic photoreceptors (Towers and Abeysekera, 1984)
have also been reported. Many phenolic compounds inhibit enzyme activities in a specific or
non-specific manner, notably oxidative phosphorylation, ATPases and membrane transport
processes (McClure, 1979). Plant phenolics play an important role as protective agents against
animals and pathogens (Swain, 1977; Harborne, 1985). Toxic and inhibitory effects of
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phenolic compounds on cellular processes have also been observed against animals and

pathogens.

Postharvest application of plant extracts on fruits has been reported to induce host resistance
by altering the metabolic pathways to synthesize more phenolics in the system (Porat et al.,
2002; Poppe et al., 2003; Porat et al., 2003). The phenolic compounds accumulated in the
peel tissue have high biological activity because of their tendency towards spontaneous or
enzymatic oxidation (McClure, 1979). Many phenolics exhibit toxic or inhibitory properties
after oxidation to the reactive quinine form (Baranov, 1979).

2.4 Integrated control options and strategies

Biological control alone is often less effective compared with commercial fungicides or
provide inconsistent control (Janisiewicz et al., 1992; El-Ghaouth et al., 2002; Leverentz et
al., 2003). Therefore, to achieve a similar level of efficacy provided by conventional
chemicals, the use of microbial antagonists integrated with commercial chemicals (Korsten,
1993; Droby et al., 1998), hot water (Korsten et al., 1991; Pusey, 1994; Auret, 2000; Nunes et
al., 2002; Palou et al., 2002; Obagwu and Korsten, 2003), chloride salts (McLaughlin et al.,
1990; Wisniewski et al., 1995), carbonate salts (Smilanick et al., 1999; El-Ghaouth et al.,
2000; Palou et al., 2001; Palou et al., 2002; Obagwu and Korsten, 2003) and/or with natural
plant extracts (Vaugh et al., 1993; Mattheis and Roberts, 1993; Wilson et al., 1997 and
Obagwu et al., 997; Obagwu, 2003), other physical treatments such as curing and heat
treatments (Leverentz et al., 2000; Ikediala et al., 2002; Plaza et al., 2003) provide a potential

effective alternative treatments.

2.5 Postharvest disease control in Ethiopia

In Ethiopia, except for indigenous practices conducted by local people such as in North Wollo
(Tisabalima, Wurgessa and Woldya), plant disease control practices entirely depend on the
use of chemical pesticides applied during disease outbreaks. Relatively, high volume of
chemical pesticides is utilized by Government owned citrus farms for which the annual
expense for fertilizer and pesticides is estimated to be of 35% of the gross income (Appendix
1 table 5).

The use of biopesticides applied pre-and postharvestly to control fruit disease is a new
technology not currently in commercial use. Therefore, the outcomes of this study will

provide a base line of information for scientists in the country.
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2.6 CONCLUSION

Like many other fresh fruits and vegetables, citrus are susceptible to a number of decay
causing organisms. Chemical pesticides have traditionally been used to control diseases. The
major problem being loss of their efficacy, alternative control options with biopesticides that
showed good control have to be selected for postharvest application. The tropical flora and
fauna is highly diverse and potentially useful for the search of biocontrol agents. Thus, the
future can be upheld with this strategy to control pre- and postharvest diseases of crops in

general, and citrus fruits in particular.
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