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DECAY FUNGI
Introduction

Florida's warm and high rainfall ¢limate favors the development of wvaricus
fungl that may cause excessive amounts of postharvest decay under certain
handling znd environmentzl conditions. Fungi are plants that lack the ability
to produce their own foeod. They live by growing on dead and living plant
tissue, Fungi are disseminated by spores and hyphae which are best seen through
a microzcope because of their small size. Development of the decay fungl on the
fruit leads to the formation of characteristic symptoms. These can nomzlly bz
used to identify the specific causal fungus and to develop the proper ecentrol
MEASUrES,

Certzin postharvest diseases of Florida citrus fruit are initisted by
infections that originate in the grove during the growing season, but de not
manifest themselves until after harvest., Other diseases orilginate fromw
infecticns after harvest that oeccur in Injuries formed during picking and
subsequent handling of the fruit,

The decays that originate from preharvest infections are Diplodia and
Phomepsis stem—end rot, black ret, brown ret and anthracnese, Green and blue
mold and sour rot rcsult from infections that oeccur postharvest through injuries
inflicted by handling, Of the varlous decay fungi, only fmnoculum of green and
blue mold and sour rot can be signiflecantly produced and dispersed in the
packinghouse envirorment, Spores of the two molds are produced on infected
fruit, are airborne znd may accumulate In packing and sterzge rooms, Speores of
sour rot are produced on rotten fruit and may be dispersed on brushes, beits and

packinghousze machinery.
Decays of Flordda Citrus

Stem-End RolL (Diplodia matalensis) - This decay 1s & major problem in

Florida citrus, particularly at the start of the season in degreened fruit.
Speres of this funpus are produced during the summer growing season on deadwood
in the tree canopy, The incidence of stem-end rot is greatly influenced by the
ampunt eof deadwood. As trees become older and contain meore deadweed, or

following a freeze, incidence will ircrease. Spores are carried in water during



irrigation cr rainfall to the butten of the fruit where they germinate and the
fungus establishee itself in dead tissue on the button surface. After harvest,
the fungus grows from the button only when naturzl openings are formed during
locsening of the button at abscission. Anything that encourascs abselssion,
such az injurles, over-maturity, and ethylene degreening, will stimulate
development of Diplodia stem-end rot.

The furgus penetrates the rind and core of the fruit at the stem-end. The
infection progresseés rapldly down the spongy core, usually reaching the
stylar-end puch sooner than through the surface rind causing the fruit to
exhikit decay at both emds, There is frequently more rapid decay in the rind
along the lines that mark the divisions beLween the segments of the pulp, glving
an appearance of "fingers"., The affected rind rturas tan tc brown, and scnetimes
black at advanced stapes.

Degreening enhances Diplcodia stem-end rot because erhvlene loasens th
butten and the tewperaturz of 85°F used in degreening is eptimum for growth of
this rapidly growing fungus. For some reason, excessive amounts of ethylene
will enhance the decay. Stem-end rot has been cbserved to triple in lots of
fruit degreened with 50 ppm ethylene compared te similar fruit degreened with 10

prm. Diplodiz stem-end rot is mere difficult to control in fruit degreened

lenger than 36-48 hours because the funpgus may penetrate so deeply inte the
fruit that It escapes the fungicide treatment applied after washing, The
incidence of stem-end rot is reduced in early fruit if harvest is delayed te
allow morz natural color to develop so that degreening recuires less than 48
heurs, Decay is zlso less if early fruit are harvested from trees with minimal
deadwend, such as trees in voung plantings or blocks recedving the best
nutrition, pesticide, and irrigation preograms.

Since spores of this fungus are not produced on decgyed frult, spread of

thiis fungus in the packinghouse isx not a problem as with Penicillium digitatum

lgrzen mold)., The decay will not spread from dnfeeted fruit to healthy fruit in
packed carteons. The decay develops rapldly during and after lengthy degreening,

and can be ehaarved in fruit at the packinghouse. TL i= often ohsarved =t

market arrival or shortly thereafter.

Stem-End Rot (Phomopsis eitri) — This disease is usually oot as serious =

decay problen as that caused by Diylndia. The fungus causing Phomeosis stem—end

rot is the same crganisa that causes melanose (small sandpaper-like curky



pustules on fruit surfaces), The life cycle is similar te Diplodia in that
spores are produced on deadwood during the summer and the incidence is affectad
v the amount of deadwood in the tree canopy. The button of the immature fruit
becomes iufected and the funpus progresses through openings during abscission
after harvest.

Fhomopeis stem~end rotb can oeccur throughout the season, but mest frequently
after the degreening season during the cooler winter months. This decay 1s alse
cbserved in fruit held io cold storage where it will develop slowly. The
cptimum témperature for the growth of Phomopsis is near 73E. Phowopsis decay
is slower than Diplodia, and there Is usually some shriveling of the decayed
tissue at the stem—end which causes a shoulder or live of demarcation between
decaved and sound tissue, Decay progresses equally through the core and rind
until the entire fruit is encompassed. Decayed tissue is sofrf with tan or brown
disccloration and usually appears in ten days to two weeks after harvest.

Thomepsls will not spread from dnfected to healthy fruit in packed cartons.

Green Mold (Penicillium digitatum) - Green mold 1s ¢asily identified by the

mass of olive—green speres produced con infected fruit, Infection takes place
only through wounds where nutrients are available to stimulate germination of
spores. Wounds are caused primarily by dojurdies during picking, hauling., and
packing, Injuries do not have tc be wisible, even a broken cil gland is a
sufficient injury for penetration by a germinating spore of the fungus. Green
mold develops most rapidly at temperatures near ?EHF, aud to be mest effective,
fungicides should be applied within 24 hours of infectieon at this temperature.
Tnitial infections appear as a water—soaked, scft area easily punctured by
finger pressure. The area enlarges and white mycellum appears on the surface
follewed by the development of the plive-green spore mass. Dne spore infecting
2 suaceptible fruilt can produce as manvy as 100,000,000 spores in ten days under
optimum eovircrmentzl cenditions. These spores can survive for months and sre
transported by air currents to healthy fruit. The surface of wirtually every
citrus fruit is contamingted with these spores at harvest, particularly during
the fall and winter months when tepperatures faver optimum development of the
fungus. Spores are guilte concentrated on healthy £ruit surfaces in those vears
wihen excegsive numbers of split fruit develop on Lrees in the grove, Virtually
all of these splits become infected by P, digitatum, fall to the ground, and

support the formation of billions of spores. The Incidence of green mold,



particularly in round oranges and prapefrult, is decrezsed by the degreening
process, High temperatures and humidities of the depreening room faver the
healing of superficial injuries to the flavedo. The fungus, prowing slowly at
the high degreening room temperature, is unzble te pemetrate many of the
injuries before they heal and become resistent to infection.

Soilage of fruit in packed cartons occurs when healthy fruit are covered
with spores from decayed fruit. This debracts from the zppearance of the entire
carton amd reduces consumer appeal. Creen mold does not usually spread from
infected te healthy fruilt in packed cartons. If It does, it usually only
spreads to the one adjacent healthy fruit that is touching the area where

infection originated in the decaved fruit.

Blue Mold (Penieillium italicum) - Blue mold is casily identified by the

mass of blue spores produced on infected fruit. The life cycle and wode of
infection is slmilar to that of greem mold. 32lue wmold develops less rapidly
than green mold under embient ecunditions. For that reason, groen mold is mest
commonly phserved in mixed infeetions.

Blue mold is mot as prevalent as green mold under Florida eonditions. It
is most commonly encountered in fruit held uader cold storage for summer sale,
There, blue mold develops slowly at low temperatures that more completely
inkibit the green mold, Blue wold will spread in packed cartons more readily

than green meld, causing a "nest" of decayed fruit,

Sour—Rat (Gectrichum candidum) - Sour-rot develops on mature to over-mature

fruit and most frequently on specialty fruits, such as tangerines, tangelos and
temples. The fungus grows most rapidly at temperatures oear B80°F and is often a
sericus problem on speelalty varieties during warm and wet fall and winter davs.
GCeotrichum is widespread in the soil and is spread to fruit by soil contact and
te low-hanging fruit by wind-blown dust and by water splash, The fungus is
often present in dirt and debris that accumulates beneath the serals of rhe
button at the stew-end of the fruit. The fungus only infeets injored fruic, and
particularly, injuries inte the albedo formed by plugging ané deep punctures.

Symptems of the initlal stage of sour rot are very similar to those of
green and blue wmolds, and the rots zre often confused. Initial infecbian

appears 25 4 water-scaked spet and cen be distinguised from meld by the



increased ease with which the cutiele can be slipped from the decayed area.
Some white to créam-colored mycclium may develop on the infected surface. When
the entire fruit is decayed, scur rot is the messiest, smelliest and most
unpleasant of any of the fungal deteriorations of citrus fruic,

Sour ret 1s zbttractive to fruic [lies which will spread ineceulum from
infected to healthy fruit in the packinghouse. Hyphae of the fungus in retted
fruit fregment ioto chaius of spores, These will not beceme airborne but will
contaminate pallets and all equizment, conveyor rells, and belts in the
packing—ling as wgll as water scurces such a= drenchers or scak tanks. Bour rot
will develop fairly rapidly at degreening temperatures, but develops very slowly
at temperatures below 409, Unfertunately, the fungus is resistant te wost
fungicides and can only be reduced by careful handling, harvest of fruit before
it becomes over-mature, and by cold storage. Sour tot will spread from infeeted
to healthy fruit in packed cartons and will spread throughout cartons in a stack
held for severzl weeks, such as during storage or expart, Sour rot is often

associated with preen wmeld and 1s stimulated by the presence of the mold.

Anthracnese (Celletotrichum glososporicides) - The fungus causing this

cacay alse produces its spores on deadwood within the tree canopy. The spores
arc relessed in rain during the summer where they are carried to surfzces of
immature fruit. The spores perminate and form a microscopic thick-wallad
structure called an aporessorium which remains inactive on the fruit surface
until after harvest. For some reasan, ethylene applied during degreening cauvses
infection hyphac formed by the appressorium to penctrate the uninjured rind and
cause decay. Degreened Robinson tanperines and related hybrids are
exceptionzlly susceptible te this decay., If the length of degresning excceds 36
hours, the disease can become gquite severe. The lesions may occur anywhera on
the surface of Robinson tangeries and initially appear firm and silvery-grav in
celor. Later, the area becomes softer and leathery brown and eventually
develeps into a soft decay brown to black in appearance. The inciderca of
arthracrose on Roblosen fruit can be decreased by spot-picking for cclor se bthar
no degreening or less than 24 hours is required. This form of the decay has
alse been observed on Dancy tanserines and nawvel cranges early in the season
when excessive green color has required three to four davs of degraening. 1In
scme cases, the decay develops immediately around the button 2t the stem—end.

inthracnese may alsc develop on all types of citrus in damaped areas on the



rind. GCenerally, this form of the decay occurs in fruit from weak, unhealthy
trees, in overripe or injured cr bruised fruit, and in fruit stered for long
periods of time. Lesions appear brown te black and may contain pink areas

formed when masses of spoures are produced.

Brown Rot (Phytophthora citrophthora and P. parasitica) - Brown rot caused

by twe speciss of Phytophthora occurs ¢n mature fruit, predominatly frow the

cast coast of the state, Periods of cloudy, rainy weather which faver infectien

are usually more frequent in that ar=a. Fhvtophthora citrophthora is wmore

aggressive than P, parasitica because of 1ts ability te form more spores under
similar envirccmental conditions. These two fungi are present im the seil and
produce spores which are splashed onte fruit on the lower part of the tree
canopy during wet periods. Wind and water splast from lower infected fruit can
cause additional dinfectiens higher In the tree. Infected but symptomless fruit
can be picked and packed without being detected.

Lesicns are light brown in color and wery firm and leathery with a
distinctive earthy cdor. The affected areas remain flush with the level of the
surrounding unaffected rind. Under very humid conditionms, delicate, white
fungal myceliunm will develop on the leslon surfaces. Tha decay will spread
gmonyg frult in paecked cartons during storage and has on occaslIon been severs in
Indian Fiver grapefruit exported to Japanm,

Control of browan rot is achieved in the prove by spraying the lower part of
the tree canopy with neutral copper, acplying the spray about the middle of
August In groves whers the diseasc has been troublesome in the past. Where
browe rob is only ao occasienal problem, spraying may be delaved until
imrediately after appearance of the disecase when the entire tree should be
sprayed. In the absence of fungicides, harvesting cen be delaved for twe weeks
after detecting the disease to allow infected [ruit to decay and fall on the
ground, providing weather conditicns are vofavorsble during that period for
acditional infection, Chopping of cover crops, hedging of trees, and pruning
eif lew hanging Pranches will imprewe ventilatien and reduce the likelilwwuwd of

infeetion.

Black Rot (Altcrmarla citri) - This decay can develop either at the stylar

or stem—ends of the fruit, causing black discoloraticn of the peel and core.

Mrbome speores in the grove infeet dead tissue of the butiton and tissves



at the stylar-end through incomplete closures. Infection of navel oranges and
Orlanda tangeles, in particular, will cause premature coler break and fruit
drop. Infectiens developing at the button cause a stem-end rot which develops
after harvest and only after extznsive storage. The decay Is not normally found
in fruit that is consumed within three to four weeks and may be present in
Valencia cranges or grapefrult held for summer sale., In scme fruit, the fungus
may ooly develop internslly snd remain undetectable until peeled for cating. At

that time, the core will be composed of rotted, black btissue,

Hop-Fungicidal Contrel of Decay

Though use cof fungicides is the major method for comtrelling citrus decay,
other culturz] and handling practices are wery important. 3By lewering inoculum
levels, the incidence of decay can be significantly reduced. Fruit harvested
Irom trees with minimel deadwood in the canopy develop less stem—end rot. CGood
production practices that produce a healthy tree and effective pruning will
reduce the amount of deadweod. Good sanitatien practices in the packinghouse
will help reduce inoculum cf green and blue meld and seur ret. Contamination of
healthy fruit by airborne inoculum can be reduced by proper design of the
packinghouse. Disinfestation of handling equipment prevents spread of ivoculum
to healthy fruic,

Careful handling of fruit teo minimize injuries will significantly reduce
decay caused by the wound pathogens, greez and blue mold and scur rot,

attention to proper degreening to minimize time of exposure and ethylene
concentration will reduce the incidence of Dipledia stem-end rot and
anthracnese, Minimal delay between harvesting and degreening cr packing, and
degreening and storage at high relative humidities will retard dessication and
development of peel injuries that are sites for fungal infection.

Storage at low tewmperature and high humidity is beneficisl to maintain
vitality of the rind and butten and to retard senescence, The mest obvious
#ffect of low temperature is te retard the growth of the decay fungl in Infoeled
fruit, Disease symptoms, however, will appear in a few days after the infecred
fruit are held at ambient temperatures, Low temperatures maintain the gquzality
of fresh fruit and retard the develepment and spread of infections that are not

eradicated by the fungicide treatments,
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FURGICIDES FOR DECAY COWIROL, EFFICACY, AWD METHCDS OF APPLICATION

Introduction

Presently, we have several fungicides available to the Industry that bave
goud activity apainst most of the major decays. Fungicides can reduce decay
lossas by inhibiting the development of culescent infections of the stem—end rot
fungi, by inactivating speres in fresh wounds, by protecting the peel from
infection at injuries¢ that occur after applicatlon of the fungicide, and by
inkibiting sveruleticn of Penicillium en the surface of decaying fruit and the
cuntact spread of several diseases. A discussion of these varicus fungicides
follews with reference to methods of application, description of characteristics
that influence effectiveness, and identification of the decays contrelled by the
Individual chemiczls. ALl of thase materisls, except guazatine, are registered

in the U,5, for use orn citrus with specific residue tolarances,

Fungicides for Citrus Decay Control

Scdium e—phenylphenate (SOPP) (DUW-LEX) — SUPP has been applied in Florida

houses as a drench or recovery flood teo unwashed or washed fruit., The mixture
contains 2% sodium o-phenylphenate tetrahydrate, 12 hexanine, and 0.2% sodium
hydroxide, The mixture is normally applied at ambicnt temperainre and the il
pmust be maiptaiped in the range of 11,5-12,0., The nexamine precipitates free
o-phenylphenol before the concentration reaches the phytotoxic level, and it
alsc exerts a buffering effect upen the sclution at zhout ph 11,8,
Concentrations of S0PP solutioms, applied with hexamine., should be maictained
near 2,57 with a Drix hvdrometer standardized at 68°F, A treatment of at least
two minutes belore washing or rinsing is required for optinmum decayv control,
This method of applying SOPP requires critical pH control, attention to
cleanliness of the S0PP solution, and washing of brushes dzily to prevent
gumping by removing the S0FF,

Applicaticon of S50FF in the foam washer is the most popular means of
applying SOFF to cltrus. A solution conmtaining 2% SOPP, 0.1% sodium
dedeeylbenzene-sulfenate, and 0.25 sodium carbonate is agitated intc a foam and
dropped as 2 curtain on fruit revelving on washer brushes. The fruit ar

usually washed sbout 15-30 seconds befeore being rinsed with fresh water, The
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foam treatment is less effactive for decay control than the bath treatment, but
hes the advantage that pH control is not a problem because the foam is not
recycled. PResicues of c¢—phenylphenol are lower on fruit treated with the foam
formulsticon compared to fruit which have beern submerged eor flocded with a
solution of SUOFP. Recently, S0PF has been uséd for 45 seconds in wash
treatments to comply with canker regulations for disinfesting svoptomless fruic.

S0PF has also been applied st a concentraticn of 1% [no water-hased wax
formulaticns cr &y 1% o-phenylphencl in solvent wax formulations.

The g-phenylphenate from the S0PP treatment diffuses selectively into
injuries where it is hydrolyzed to o-phenylphenal. ERinsing the treated [ruit
with water remeves most of the 30PF residus from the [rult, but a substantial
amount remsing asszociated with injuries and helps prevent develeopment of CTEET
mold and sour rot at these sices. The SOPP creatment is our most effectiye
fungicide for the conlrol of scur ret, however it is far frem perfzec. The
fungicide provides centrel of green mold aznd stem-end rot but less than wizh
thiabendazele or bepowyl, The use of SOFP in the washing procsss helps to
maintain the brushes in a sanitzry condition ané free from decay imoculum,
separate treatments of SOPP and thiahendazole or benomyl are frequently used.

& risk of burn and discolerztien of the rind exists if SOTPF is not handled
properly, Fruit should net be left in 2% SOPP formulations for extended periods
of cime during eguipment shut-dewm, notr should washer bruzhes he extrerely
abrasive, GSince early, degreened fruit is the most sensitive to S0PP burn, use
of 80FF con De delaved until later, if replzced with chlorine for canker
disinfesting, when the rind i1s more mature, SO0PT is frequently uszed to reduce
sour rot which is wore prevalent on mature frult that are less susceptihle tao
SCE? burn, If fermulations of SOPP arc diluted with water, the proper pE must
be maintained or burn may cccur even if the SOPF is applied at concentraticns

Less than 2XE.
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PPM Q-PEENYLPHENOL IN SOLUTION

807P (%) _
_pH_ 0.5 1.0 2.0
12,0 45 70 140
11.8 55 110 205
11.6 &3 170 320
11.4 140 260 _] 515 _‘l,
11.2 200 190 800
11.0 3006 B2 - ?DTENTiﬂL
1G.38 %55 i _ IN.TURY v
10,6 630 - "

adapted from Eckert, Kolbezin & Kramer, Proc. lst Int, Citrus

Sympesium 2: 1097-1103, 1969,

Thiabendazole (IBZ) — Thizbendazaole is ap effeclive fungicice which iz most

comuonly applied as 2 non-recovery Spray to washed fruit rotzting on brushes,

It can also bte applied te unwashed fruit as a drench treatment, particularly
befere degreening. The fungicice is relatively insoluble in warter and
preparations should be continually agitated during applicaticen in a system
designed to prevent sctiling of TBZ at any point, TIxcessive water should be
removed from washed fruit te prevent dilution of the fungicide. Some of tha
resicduc pay b removed if applications of the fungicide in water are followed by
brushing in polisher-driers, If such driesrs ars used, the appliecation of TiZ in
4 water-based wex may be more desirable,

The fungicice should be applied at 1000 Fpt in water and 2000 ppm in
water-based wax. Applications in water are more effective for decay control
than similar concentrations in wax, but efficacy in wax 1s enhanced by using
twice the water rate, Thiabendazole is cuite scable in water-based wazes, The
marerial is nen-syetemic with most of the residums remaining on the fruic
surfaces, Applications of IBZ at 4000-6000 prm have been used in water-hased
waxes to inhibit sporulacicn of Penicillium on decaying fruic.

Thiabendazcle 1s more effective than SOPF for control of green and hlue
mold, anthracnose, and stex—end rob caunsed by Diplodia and Phomopsis, The

fungicide does not control scur, black and Lrown rots.,



Fenomyl (Benlate) — Beromyl is a fungicide similar in chemiczl Structure

and fungieidal activity to TRZ. Eenomyl can be used in applications like T32
with certain precautions. The material is not as stable 2s Thz, and relatively
fresh preparations should be used at all times,

Benomyl is highly Inscluble in water znd it deconposes slowly te methyl
benzimidazolecarbamate (MBC) which ie only slightly less fungituxic *han
benonvl, However, MBC is nen-systemie like TBZ, while benomyl is systemic and
will penetrzte iInte the rind. In alkaline formulations above pH &, bencmyl is
converted to 1,2,3,4—t:trahydro~3—butyl—2,i—dioxofgftriazino 3= benzimidazole
{ETE) which heos very weak, if any, fungitoxic acbivity,

When benomyl is mixed with water or water-based waxas, it starts to convert
to MEC. At ambienl temperatures at or below pE 8, approximately 30% of the
benowyl will be converted to MBC within two weeks, After = menth at pH & ox
less, most of the benomyl will have been converted to MBC. It is net an ecual
convarsion, and the MBC concentration is 33% lase than the original strength of
benomyl. For optimum decay control with benomyl, suspensicos ac pH & or lecs
shoulé be utilized within the week of preparation where most of the fungicide
exists as benomyl, If it is not utilized within one week, the concentration of
benomyl in miztures at pE 8 or less sheuld be increaased tg compensate for the
loss in fungicide material due to conversion to MEC. Such mixtures should be
utilized within a monthk.

More serious problems cceur with benomyl stability im suspensions prepared
at a2 pHE range of 8.5 - 10 which commonly occurs in cemmercial water-based wanes .
In such suspensions, bencmwl is converted to ST at a rate which incressesz as
the pH increases. At pH §, nearly 20% of the benemyl will ba changed to £TR
within a two-wesk pericd. At a ph of 10, zpproximately 25% of the benomyl will
be converted te ST3 after two days and 50% within two weeks. Approximately all
of the benomyl will convert to STE wittin one day a2t a pH of 10,5. WaLer-hased
wax preparations of benomvyl near pH 10 should be Preparad daily and ar least
twice a week when the wares range from pH 5-9,

Benowyl (fresh preparation) is much better than SOFT and slightly batcer
than TBZ fer ceoatrol of green and blue molds, anthracnose, and stem—spd rot
caused by HfPladiq and Phﬂucpqii. Like TBZ, it does not contrel the othar
decaye, Benomyl should be applied at 600 ppr in watar and 1200 Epm in
water-based wax., Similarly to TBZ, efficacy in waxes isg slightly less than

water applicatioms, Higher rates of 2000-3000 pprn in water-based wex have been
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used ta control sporulaticn of Penicillium, Benomyl at a rate of one to twe lhs
of product (Benlate)/acre can be applied within three weeks to the day of
harvest to contrel pestharvest decay. This Lreatment provides protection
2gainst decay initiated in the degreening room that iz not effectivelsy
controlled by subsequent pustharvest fungicide treatments. This practice does
intreduce a risk of selecting resistant strains of Penicillium that may develcp

after harves:,

Imazalil — Imazalil can be applied like TRZ and benomyl. It may be used as
a drerch before degreening or applied to washed fruitb as a DOM=TECOVELY Spray,
Inezalil forms water soluble salts Lhat are mors convenient to apoly than
suspensions of TBZ or benomyl., Imazalil 1s systemie, some moving into the fruoic
rind so that all residues are not removed by washing.

The fungicicde is as effective 25 TBZ or benemyl against green and blue mold
and will eormtrol strains of tlese molds that have developed resistance te the
benzimidzzole fungicides. Tmazalil is less effective than TRZ or benomyl for
stem-end rot control, particularly in degreened fruit. The fungicide is active
against black rot and inactive zgainst scur and brown rot.

Imazalil sheuld be applied at a coneentration of 1000 ppm in water and 2000
ppm in water-based waxes. Activity of imazzlil is reduced more greatly by
applications in water-based waxcs than benvmyl or TBZ, partifcularly for control
cf Diplodiz stem-end rot in degreenad fruit znd control of green mold developing
in post-treatmwent injuries, Imazalil at 2000 ppm is more effective in water
then wax for sporulation control cof Penicillium, Imazalil is most heneficial
whera resistent green or hlue molds are known to be present or for sporulaticon
control of green mold, The fungieide will eradicates resistant strains which

sceumulate yunder certain handling cenditions.

Biphenyl (Diphenyl) - Biphenvl is a vapor-phase fungistat that must be

present irn the free wvapor Zfetm to be effective. It is a slishtly volatile
compound that vaperizes trom the solid form during storage and spreads
throughout the atmesphere in the packed carbton, sbtorage voom, or transport
container. Biphenyl is a fungistat; thzat iz, funzal growth is inhibired only as
leng as an effective concentration is in the atmosphere, Once the biphenyl
supply is exhausted or the fruit are removed from the biplhenyl atmosphere,
fungal growth will resume. Biphenyl resicues abscrbed by the fruit are

incffective in controlling fungal growth,
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Biphenyl is impregoated ince pads or paper sheets which contain
approximately 2,2 grams of biphenvl. Thesc pads must be sterad in ajr-tisht
containers as they svon loge their effectivensess in an open package. Pads are
gized to fit in the standsrd 4/5 bushel carton and bwo pads are usually wzed in
ezch carten except in instances where moximum tolerances may be exceeded. One
pad is usually placed over the buttom layer of fruit and the seecond under the
Lop layer, Eiphenyl is sometimes objecticnable because it imparts =
characteristic odor to treasted fruit, This odor, however, is datectakle for
cnly two or three days after fruit are removed from biphenyl. Decayvs will
devalop within a week after the fruit are removed from the hiphenvl ztmespherc.

The legal biphenyl residue tolerance for citrus frult marketed within the
United States, Canada, and Sweden is 110 ppm, whersas, 70 ppm is the legal
tolerance for Japan and countries in the Lurcpean Economic Community. Seme
prebleme have been encountered in exceeding these Lolerances, particularly in
early grapefruit exported to Jajan or in pandarin-type fruits which absorh
grezter amounts of biphenyl., Early harvested fruit tend to absorh more biphenyl
as do fruit stored at higher temperatures, More biphenyl is absorbed in the
presence of two pads than with one pad. Oranges and mendarins akzorb at least
twice as muchk biphenyl per unit of fruit surface as do lemens or grapefruit,
Washed and waxed fruit absorb mere biphenyl than unwashed fruit,

Biphenyl controls Dipledia and Phomopsis stem—end rots less cffectively

then TBZ or benomyl, 1t does nct control anthracnose or scur, black and brown
rots. The greatest value of the bLiphenyl treatment is that it is effective
against Penicillium decay and inkibits sporulation, thercby preventing soilasze
in packed cartens. The biphenyl treatment is more effective in inhibiting
sporulaticn of Penielllium cn lemons than on oranges because the high tate of
absorption by cranges terds to reduce the cenecentratiom of biphenvl in the

atmosphere surrounding the fruit,

Potassium sorbate - Thisg materisl is a salt of sorhic acid, an organic

acld, which has beon used for many vears as & preservative Zor cprocessed foods,
PoLassium sorhate iz warer soluble and hias been used 25 a 27 treatment te citrus
to control decay. The material can be applied as a drench treatment before
degreening and as 2 non-recovery spray after washing,

Potassium scrbate can be used teo supplement trearments of TE2 or benomv]
BT ¥

where benzimldazele-resistant strains of Penicillium have developed. The
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material is less effective than the bermzimidazoles for contyol of stem—-end rot

and it does ncot control sour, black or brown rots.

Cuszatine (Renopel) (experimentzl) - Guazatine has heen uszed on cltrus

frult in Australiz fer several vears and residue telerances Liave heen
esteblished in saveral countries, liowever, the fungicidas has not yet been
registered in the U.S5. GCuazatine is a water-soluble Lungicide that is effective
2gainst sour rof and green mold, ineluding beneimidszole—resistant strains, at
concentrations of 1000 ppm. The fungicide éoes not control gporulation of gresn
reld. It provides somc control of Dipledia stem—-end rot, Particularly if
appliec as 2 drench bafore degreening, hut activity is not as good as with

benomyl or TEZ.

Enlorine - A discussien of chlerine is included 2= a decay control chemical
though it does mot aet in the same fashion z2s the previcusly diseussed
fungicides, That is, e¢hlorine scluticns are reletively inaffective in
preventing decay of citrus which has been inoculated with the decay pathogen
before treatment, Chalorine reduces decay by killing inocculum in treated water
anc on Lreated fruit surfaces, thercby reducing the chances of infaetion,
Chlorine also reduces baccerial populations of citrus canker that may ke on
surfaeces of swmptenless frudit,

Chlorine can be helsful if used properly to roduce some of the decay fungi
within the packinghouse enviromment, Chlorine (200 prm) added to the water
spray following the dry dump will kill gpores of green mold on fruit surfaces
within 10-15 =econds, but not all gpores on sporulating lesicms, Many spores
arce Lhen killed before they are forced into injuries by the washing process
where the Zungus is mere difficult to eradicate with fungicide treatrments. This
chlerine spray treatment to unwashed fruit will met kill sour rot, and thus, is
not as effective as & similar treatment witk SOPE. If dump tapks or drenchass
ara necasgary, chlorine should be added to kill green mold and sewr ard brown
rot that aceusmilates izm the watsr. Chlorinsted water cean alse be used to wash
down equipment and clean pallet bowes 2nd SLorage Toops., Sdlnce chlorine is
corrosive to metal, there will be avidence of this oo vour equipment,

The most effective use of chlorine is in a system where it is eeontinually
petered into the water at z constant rute near a rH of 7. At this pHE,

fungicidal activity increases with time and concentratien of free chleorine which



Type of Fungicida
Application

Paliet bin drench

Wash application

Fungieide(s)

beromyl ,
thizbendazole,
imazalil

chlorine,
SOPP
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Advantages and Disadvantages

&

Provides effective contreol of Diplodia
SEF. and green mold in degreepned fruic.

Lees expensive treatment than the
prehatvest sprevy.

lungicide suspsneicns ragquire
chlorination (50-100 ppm free, zctive
chilerine, pH ©,5-7.53) to eradicate sour
or brown rot or resistant spores of
green mold that may scecummlate in the
drench suspension, Sour rot can ke a
majcr decay of specialty fruits and
mature ecranges and grapefrzit,

Requires envirommentally—safe procedurcs
for discerding used drench suspensions,

Cost of the matarial would probably
prevent the use of imazalil unless
benzimidezole-resistant strains of
oreen mold are a significant problen.

Either material can be used tu comply
with cauker regulations for
disinfesting symptomless fruire,

Chlorine 15 a sanitizer, killing some
surface spores but not Lhose in
injuries, The material provides no
residual pretection frow decay bacause
it does not persist in the rind,

Chlorine is corrosive, and will causze
metal to rus:t,

SOPP provides contrel of green mold,
including strains resistant to benomyl
or TEZ,

SOTY reduces fungal contawinsticu of
the wesher brushes, particularly sour
rot and green meld, and iz the eonly
funpicide with some activity against
sour rot.



Type of Fungleide
Applicsation

Hon-recovery spray
- agquecus

Foni-recovery sprav
- Water wax

Fungicide(s)

benony L,
thisbendazcle,
imezalil

benomyl,
thiabendazole,
imazalil
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Advantages and Disadvantages

6.

SOFPP may be phytetoxic, particularly to
early degreenad fruit. Excessively
long exposurc times or stiff washer
brushes will enhance burn, Dilution of
the treating solution beleow the
recommernded strength of 2% may enhance
burn becsuse proper pll is net
maintained,

Recevery drench applications of SOPP
for two minutes provide better decay
control than foan applicaticns for
30-45 smeconds,

Agunecus applicatiorns generally previde
optimum decay control,

Hon-recovery formulatlons arc less
easily contominated or diluted than
preparations applied in recovery
sysLems,

Besidues f[ruom non-recovery applications
may be reduced if followed by polisher
driers, Removal of some surface
reziducs by brushing may reduce
sporulatien control of green mold,

Fxcessive water should he removed fronm
fruit before fungicide treatment to
prevent dilution of the fungicide,

Wax and fungicide czn be appiied in a
single procedure with cne pilece of
eyquipnant,

The concentration of fungicide in wax
is deubled teo achieve decay centrol
similar to that of the material in
water,

Becay conktrol efficacy of imazalil in
wax is reduced more significantly than
thet cf benomyl or TRE,



Type of Funpicide
Application Fungieide(s) Advantages and Disadvantages

4, High concentrations (3000+ ppm) of
tenonyl or TEZ can be applied in wax
for asporulation contrel of goreen mold.
Sperulatier control with dmazalil (2000
ppm} Is ususlly better in water than
wax even 1f zguecus applications are
fellowed by zolisher driers,

3. Benonyl is unstable in Lighly alkaline
water wiaxes, and suspensions should be
used shortly after otreparation,

6. Equipment break-downs that interrupt
the fungicide application are guickly
discerned because of the lack of wax
COVETIgE.

Vanor-phage hiphenyl l. Biphenvl can be applied withcout
speclalized equipment by placing porous
pads impregnated with the fungicide in
cartons at packing, Dipheavl pads must
be stored in air-tight eontainers
before use,

2. Epeorulation of grasn meold and strains
resistant to bemopmyl or TBE zre
controlled by biphenvl,

2. Biphenyl is effective only as long as a
sufficient concentrzticn is in the
atmosphers surrounding the fruift.

4. Residues may exceed legal tolerances in
early maturing or mandarin-type fruits
or at high shipping temperatures,

5. BEBipheryl impartsz 2 characteristic odor
Eo treated fruit, It is deteetakle
cnly for two-three days acter remaving
the pads, but it pmav Le ohfactionable
TO HOMEe COnSUmSrs,
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Ceneral Rating of the Efficacy of Fungicides Against the Major Florida Citrus

lecays
CREEN AND SJ1TEM-END ROT SUUR ROT BLACK ROT
BLUE X011
TBZ A ++ G ¥
RAENOMYL -+ py 0
S0P +— + '! 0
BIPHENTYL + -+ ]
IMAZALLL 4k 3 +
GUAZATINE ==t ++ ++ v
(Experimental)

Efficacy: 0 = None + = Some ++ = Moderate  ++ = Good
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EESISTANCE OF DECAY WMGL 10 FUNCICIDES

Introduction

It has been cbserved for several years that certain citrus decay fungi can

develop resistance to postharvest fungicides, Fenicillium dipitatum (green

mold) and P, italicum (blue mold) developed resistance to SOPP and biphenyl in
the early 1960"'s and to TBZ and benomyl in the early 1470's, Resistant strains,
which occur nmaturally in fungal populaticns at a very low frequency, develop
rapldly 1o the presence of the fungicide. Penicillium has been particularly
troublesome iu this rvegard because it produces bhillicns of eirborne EQPOTES
within a relatively short pericd of time within the packinghouse and storage
rooms. HNo resistanl strains of the stem-end rot fungi have been detectad as
yet. These fungi do not produce spures on the fruit. RBather, they produce
their spores on deadweod within the tree canopy, Selactlon pressure for
development of reslstant strains of stcw-end rot will be minimal as long as
fungicides or related fungicides used in the packinghouse are not consistently
used in the greve.

Strains of Penicillium resistant to TBZ and henomyl have bLeen detected ip
Florida packinghouses. The most serious outbreaks have vccurred in houscs that
pack lemons, The reason for this is that the storage period recuired for
coloring is sufficiently long for resisLant strains to infect and spotulate in
the coloring rooms. Eventually, within one seascn, Chese rooms and the
packinghouse becowe cuntaminated with resistant spores which will persist anpd

infect other cilrus varieties during the fall and winter seasonm,
Combatting Resistance

Several approaches can be taken Lo reduce the resistance probhlem, Ope of
these 15 good sanitation, wihich should be undertaken whether resistance is 2
problem or net. The packinghouse should he kept thercughly cleaned and bread
spectrum antimicreblal agents (ehlorine, quaternary ammanium compounds, 1R
formaldehyde, 3U% isopropyl alechol) ean be applied to disinfest the
fruit-handling equipment. BRotten fruil should be removed immediately from the
packinghouse, ‘Treated fruic being repacked because of excessive decay should

never be repacked in the packinghouse, Much ¢f the docay may be dus o
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reslstant green mold and the spores would be immediately released to cause
infection of incoming fruic. Design changes can be installed in rhe
packinghouse so Lhat spores are removed from the house environment or
distribution of spores can be controlled so that conlamination of the fruit is
reduced during the packing process.

Populatlons of spores of P. digitatum sheuld be monitared cotttinucusly by
culture sampling to determine if resistance is Indeed present and Lo which
fungicide. The fungicide program should then be altered to contral the
resistant strains,

Application of two or more fungicides of unrelated chemistry way he used to
keep resistance in check, Since SOPFP and kiphenvyl are chemically similar as are
TBZ and benomyl, strains of P. digitatum resistanlL tec one fungicide are usually
resistant to the other fungicide of similar chemistry. Therefore, to be
effective, fungicides of dissimllar chemistry should he used in combinal lons,
such as, SOPP or biphenyl with either TBZ or benomyl, Other fimgicides such as
potassium sorbate or Imazalil can be added if additional conttrol of resistance
is needed. OFf these, imazalil is mwost effective. In situaticons where fruit are
treated with fungicides, both hefore and after storage or a helding peried
(e.g., degreening), funpicides applicd before holding are chosen on the basis

that they will not encourage the development during helding of Penicillium

stralns that are resistani to the fungicides applied after holding, The last
fungiclde treatmeuts are critical, since they must prutect the fruit from decay

during shipwent and marketing.
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