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Table I. Continued. 

Commodity 

A \'ocado (Pasco 
umeTicurla Mill.) 
(cont'dl 

Blucbcrry 

(Vacciniul1l 

corymhosum L.) 

Di:-,cLl-"C' 

/\nthracnosc 

DCC 
SE 

Anthracnose 

DCC 

SE 

Alternari:..t fot 

Cherry (Prunus Alternaria rot 

orium L. X P. cerasus Brown rot 

L.i 

Citrus spp. Blue mould 

Green mould 

Pathogen 

( . g/Ol'o!,sporioid(:',\ 

C. <.;/()cnsporioidn: D. urrmwf/c'(J 

C. g/ocmporioidc\: D. oroTnalh'u: 

1". /H(udofrichio: P. peneue: 
L. fh('ohrollioc: F. w/oni 

C. li/(}COp-Ipor;oirie,\ 

C. r.;/oc(}Iporioitic\: D, oromotic(J 

C. r.;/m.'osIJOrioidn: f), arol1wtic(): 

T. pseudo/richi;): P.[wrsew): 

L rheohrollwe: F. s%n; 

Alrernariu afIerl1d/o (Fr.) Keissler: 

Alternaria tenu/I,linw (Kunze ex Per".) 
\Vlll ...... 

A. a/terl/ala 

,/1,1. jrucric% 

PenicilliulIl ito/icufli \Vehmer 

P. iwlicum 

P. ito/iculII 
P. itu/i('ulII 
PeJIicillium dit;it(/fUm (Pen .. c\ St.-/\rn.) 

Sace. 
P. digit(jfum 

P. Jigitatum 

P. Jigitatum 
P. digitatum 
P. digilatum 
P. digitalum 

Antagoni<" 

B. SUhfilis 

B. subtilis: B. cereus 
B.licheJI(jC)rmi,\ 

P. cepucfa 

B. suhfilis 

B. suhfilis 

P. ('epac/a 
P. ('epatia: Aureohusidium 
pulluluns (De Baryl Amaud: 
Pseudomonas syril1J{ut' Van HalL 

Deharyomyces hansenii (ZopO 
Van kiJb 
P. l{uilliermoJIdiib 

D.IU1JIseniib 

H.I"/Jbtili.\ 

JhrOfhecium roridum Tode 

ex Steudel: /~{rrofhecium 
rerrucuria (Alb. and Schw.) 

Ditm. ex Steudel 
P . .\yringue; D. hunsenii: 
A. pullu/ofi.\: P. (('/l£lcia 

Trichodernw I'iride Per~. ex Gray 

T. riride 
D.lwl1.\cniib 

P. ('epacia; P.leudomoJIw 
corruga/a Roberts and Scarlett 
Ps('udomoJIasjluorcscens Migula 

St~ltU\ of researcha 

Po"hane,t dip: NI: IC: FC: 
ECC; PT 

PeNhane,t dip: NI; IC: EC: 

ECC: PT 

In vivo: AI: EC 

In vivo: AI: BEF 

In vim: AI: BEl' 

In vivo: AI; EC 
In vi .. 0; AI; EC 

In vi\o; AI: EC 
In vi\e); AI: EC 

In vivo; AI: EC 

In vivo; AI: EC 

In vivo; AI; EC 

In vivo; AI: EC 

In vivo; AI; EC 

In vivo; AI: NI: EC 

In vivo; AI: EC: CF 

Reference 

Kcmten et al. 1991 a 

Korqen and Kotze 1992 

Stretch 1989 

Utkhedc and Scholberg 1986 

Utkhcdc anel Scholberg 19R6 

Wibon and Chall/tz 1989 
\\'ibon dnd Chalull 1989 

Droby et al. 199! h 

ChalutL and Wibon 1992 

Singh and Devcrall 1984 

Appel et al. 1988 

Wihon and ehalutz 1989 

De Matos 19S~ 
Borra<..; and /\guilar Jt)()O 

Chalutz and Wib,n 1990 

Smilanick and Denni<..;-Arrue 1992 

Continued on next page. 



Table l. Continued. 

Commodity 

Citrus spp. (cont'd) 

Cranberry (Voccinium 
macrocarpon Afn 

Grape (VitiI' 

I'inifera L.) 

-.l 
0-. 

Lychee (Litchi 

chinensis Sonn.) 

Mango (Mangifna 

indica L.I 

Disease 

Green mould 

(cont'd) 

Sour rot 

Alternaria rot 

Fllack rot 

Grey mould 

Rhizopus rot 

Black storage rot 

Postharvest rot 

Anthracnose 

Soft brown rot 

Black spot 

Pathogen 

P. diRitatum 

P. digitatum 
p, digitatum 

Geotrichum candidum Link ex Leman 
G. candidum 

G. candidum 

G. candidum 
Allernaria cilri Ellis and Pierce 

Apostrasseria lunata (Shear) Nag Raj 
Strasseria oxycocci Shear 

B. dnerea 

B. cinerea 
B. cinerea 
B. cinerea 

B. dnerea 
Rhi"JPuS stolonijer (Ehrenb, ex Link) Lind 

Rhi;opus stolonijer 

Aspergillus nixer Van Tieghem 

Phomopsi,. sp,; Penicillium sp.; 

Pestalotia sp.; C. gloeOSf)Orhn'des 

C. g/oeosporioides 

C. gloeosporioides 

C. gloeosporioides 
C. gloe(}.lporioides 

Nattrassia m{WRiferae (Sydow and 

Sydow. Sutton and Dyks) 

Xanthomonas campestris pv 
mangiferaeifldicae Rbbs. Ribeira Kumura 
X. campestris pv. manRlj'eraeimJicae 

Antagonist 

Bacillus pumifus 

Meyer and Gottheil 

P. guilliermondiib 

P. guilliermondiib 

T. "iride 
B. sublilis 

D. hanseniib 

P. guilliermondiib 

B. sublilis 

Bacteria; A. pullulans 

T. harzianum 

P. guilliermondiie 

Bacteria; Bacillus sp. 

P. guillierrnoruJiib; Hanseniasporo 
umrum (Niehaus) Shehata et al. 

P. guilliermondiib; II. urarum 
P. guilliermondiib 

Candida guilliermondiib (Castalani) 

Langeron et Guerra; K. apiculata 
C. guilliermondiib; K, apiculaw 

Bacillus stearothermophilus 
Donk; Bacillus megaterium 
de Bary; B. licheniformis 

Status of researcha 

In vivo; EC 

In vivo; AI; EC 

Packhouse; VI; NI; llEF 

In vivo; AI; EC 

In v'ivo, A[; EC 

In vivo; AI; EC 

In vivo; AI; EC 

[n ,iva; NI; EC 

In vivo; AI. EC 

Field sprays; EC 

In vivo; AI; EC 

In vivo; AI; Ee 

In vivo; AI; Nl; EC 

Field sprays; NI; EC 

In vivo; AI; EC 

In vivo; Nl; EC 

In vivo; NI; NC 

Postharvest dip; NI; IC; ECC 

Reference 

Huang et al. 1992 

Droby et al. 1991 b 

Hofstein et al. 1991; 

Droby et al. 1991b 

De Matos 1983 

Singh and Deverall 1984 

Chalutz and Wilson 1990 

Droby et al. 1991 b 
Singh and Deverall 1984 

Stretch 1989 

Dubos 1984 

Chalutz et al. 1988 

Ferreira 1990 

Ben- Arie et al. 1991 

Ben-Arie et al. 1991 

Chalutz et al. 1988 

McLaughlin et al. 1992 

McLaughlin et al. 1992 

Korsten et al. 1993b 

Bacteria; yeasts; PseudomolWs sp. Postharvest dip; AI; EC Koomen et al. 1990; 

Jeffries and Jeger 1990 

B.lichenijormis Postharvest dip; NI; [C; EeC Korstenetal. 1991 b 

B. licheniformis 

B. ccreus; P.jluorescens 

B. licheniformi.l· 

B. lichenij(JI'nIi.1 

B. SUhfiii.l: Bacillul 

amy[o/iquefaciens Prie~t, 
Goodfellow. Shute and Berkeley 

Preharvcst sprays; NI: IC; EC Korsten et a!. 1992 

Postharvest dip; NI; EC Koomen and Jeffries 1993 

Field sprays; N[; IC; BEl' Korsten et al. 1992 

Field sprays; NI; EC Visser et al. 1990 

In vivo; AI; EC Pruvost and Luisetti 1991 

Continued on next page. 
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Table 1. Continued. 

Commodity 

Nectarine (Prunus 

persica var. Ilucipersicll 

Schneid.) 

Disease 

Brown fot 

Peach (Prunus persica Brown fot 

Sieb. and Zucc.) 

Rhizopus rot 

Pear (Pyrus Blue mould 

communis L.) 
Grey mould 

Mucor rot 

Fireblight - fruit 

Pineapple (Ananas Leathery pocket: 
comosus (L.) Kerr) Fruitlet core rot; 

Fruitlet corking 

Plum (Prunus salicina Brown rut 
LindL) 

Strawberry (Fragaria Grey mould 

spp.) 

Strawberry rot 

Pathogen 

M·fructicola 

M. fructicola 

M. fructicola 

M.}i"ucticola 

R. stolonijer 

R. stolonijer 

R. stolonifer 

R. stolonijer 

P. expansum 

P. expansum 

B. cinerea 

B. cinerea 

B. cinerea 

In. piriformis 

E. amylo\'ora 

E. amylo\'oru 

Penicilliumjuniculosum Thom 

M.}i"ucticola 

B. cinerea 

B, cinerea 

B, cillt'reu 

,Mucor mucedo Mich. ex St.-Am, 

Antagonist 

B. suhtilis; Pseudomonas spp. 

B. suhtilis 

B. subtilis 

B. suhtilis 

B. subtilis 

Entero/Jacter cloacae (Jordon) 

Hormaeche and Edwards 

E. cloacae 

K. apiculata 

P. <-'epa cia 
P. syringae 

P. cepacio 

Pseudomonas gladioli Severini 

P. syringae 

C. laurentii; Cryptococcusjlurus 

(Saito) Phaff et Fell; Cr)ptococcus 

albidus (Saito) Skinner 

Erl<"inia herhicola (Lohnis) Dye 

E. amylo\'ora: P. lilbaci 

P.julliculosum (avirulent) 

B. suhtiUs: Bacillus rhuriengensis 

Berliner 

Cladosporium herharum lPer~.) 

Link ex Gray; Pul/u/aria pullulans; 

(de Bary) Berkh.; Penicillium sp .. 

Trichoderma sp. 

Trichoderma sp. 

Trichoderma sp. 

Status of researcha Reference 

In vivo; AI; LC Pusey and Wilson 1984 

In vivo; AI; EC Pusey and Wilson 1984 

In vivo; AI; EC Pusey et aL 1986 

Packhouse wax: AI; BEF; PT Pusey et aL 1988 

In vivo; AI: EC 

In vivo; AI: BEF 

In vivo: AI: EC 

In vivo; AI: LC 

In vivo: EC 

Postharvest dip; AI; EC 

In vivo; EC 

In vivo; AI. EC 

Postharvest dip: AI; EC 

In vivo: AI; FC 

In vivo; AI: EC 

In vivo; AI; EC 

Field application: AI: EC 

In vivo; AI; EC 

Greenhouse: AI: EC: Field 

Sprays EC 

Field sprays; NI; BEF 

Field sprays; IC: NCiLC 

Field sprays; NI; BEF 

Pusey and Wilson 1984 

Wilson et al. 1987 

Wisniewski et al. 1989 

McLaughlin et aL 1992 

Janisiewicz and Roitman 1988 

Janisiewicz and Marchi 1992 

Janisiewicz and Roitman 1988 

Mao and Cappellini 1989 

Janisiewicl and Marchi 1992 

Roberts 1990b 

EI-Goorani and Beer 1991 

Wrather et a!. 197.' 

Lim and Rohrbach 1980 

Pusey and Wilson 1984 

Bhall and Vaughan 1962 

Tronsmo and Dennis 1977 

Gullinoet 31. 1989 

Trommo and Dennis 1977 

a AI- Artificial inoculalions: l\l "" Natural infection,,: Ie - Intcgraku control illi.:ludcd: EC - Effective biologIcal control compJfcd to untreated control: ECC - BIological control <;lgnificantly marc effective than comparativc 
fungicide: PT = Pilot test,,: NC = No control: LC = Limited control: BEf - Biological control cqually effective a~ fungiCIde: in \ ivo = antagoni-a tC':-;teJ on fruit or leaves in the labordtory. 
Pichia xuilfiermondii (Wickerham) [anamorph. Candida guilliermondii (Castalani) Langcron and Guerra] (McLaughlin et al. 1990bJ. erroneou~ly identificd a" Deharyom,vl't'j han.lenii (ZOrn Lodder and Kreger Van·Rij 
(Mclaughlin et al. 1992). 
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Figure 1. Flowchart of biological control research strategies showing the role of research (0) and commerce (0) 
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Although both approaches proved effective, larger 
volumes of antagonists arc required for preharvest 
sprays than for postharvest appl ications. For instance, to 
control postharvest decay in one tonne avocado fruit, 
approximately 900 L of a 109 cells/mL B. subtilis sus­
pension is required for preharvest sprays, compared with 
I L for treating one tonne of fruit by postharvest fine 
spray wax application. This inevitably renders prehar­
vest treatment considerably more expensive. However, 
pre harvest treatment has the added advantage of poten­
tially controlling preharvest as well as postharvest dis­
eases. For example, the preharvest avocado fruit disease 
Cercospora spot caused by Pseudocercospora purpurea 
(Cke) Deighton was effectively controlled with prehar­
vest Bacillus sprays aimed at controlling postharvest 
diseases (Korsten and KotLe 1992). Furthermore, Kor­
sten et al. (1989) and Korsten (1993) reported that 
antagonists effectively established a residual population 
on the phylloplane, which resulted in sustained protec­
tion for a prolonged period. Most reports dealing with 
biological control of postharvest diseases nevertheless 
involve postharvest antagonist applications (Table I). 
These can be targeted more effectively to the site were 
protection is required (Wilson and Wisniewski 1989). 
Temperature and humidity can also be controlled more 
readily in packhouses. In addition, the postharvest envi­
ronment is an artificial 'ecological island' separated 
from the buffering effect of natural microbial ecosys­
tems (Wilson et al. 1991). The postharvest environment 
thus appears to present a more suitable milieu for bio­
logical control than do field conditions (Wilson et al. 
1991). Only results obtained in the postharvest environ­
ment will be discussed in this review. 

Latent vs Wound Infections 

Knowledge of the epidemiology or the pathogen is one 
of the prerequisites for practical application of biocon­
trol agents (Droby et al. 1991 a). Most postharvest 
infections of citrus and temperate fruit occur through 
wounds, whereas quiescent infections playa major role 
in subtropical fruit. To control wound-invading patho­
gens, antagonists must be able to colonise wounds and 
inhibit the pathogen. Yeasts mostly exert antagonism 
through competitive colonisation and/or nutrient com­
petition (Droby et at. 1989), and are ideally suited to 
displace the pathogen in wound lesions. Debaryomyces 
hansenii (Zopt) Van Rij, for instance, exhibits its bio­
control activity most strongly against infections of 
injured fruit, and not against infections already estab­
lished in the fruit peel (Chalutz and Wilson 1990). 
Antagonists which are mostly competent at wound sites 
cannot be expected to be elTective against latent infec­
tions or against pathogens that infect tissue directly 
(Wilson et at. 1991). With tropical and subtropical fruit, 
quiescent infections and pathogens that infect through 
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lenticels, constitute different 'battlefields' for patho­
gen/antagonist interactions, and may be more difficult to 
control biologically (Wilson and Wisniewski 1989). 
Antagonists used against quiescent infections would 
therefore require a different mode of action than antag­
onists used for protection of wounds. In our investiga­
tions, Bacillus spp. were effective in controlling 
quiescent infections in both pre- and postharvest appli­
cation strategies (Korsten et al. 1989, 1991 a, 1993a,b; 
Korsten and Kotze 1992). 

Antagonists 

Antagonists successful in controlling postharvest dis­
eases of subtropical crops include bacteria such as B. 
subtilis, B. licheniformis, Bacillus stearothermophilus 
Donk, Bacillus megaterium de 8ary, Bacillus amyloli­
quefaciens Priest, Goodfellow, Shute and Berkeley, 
Pseudomonas cepacia Palleroni and Holmes, Pseudo­
monas syringae Van Hall, Pseudomonas corrugata 
Roberts and Scarlett, and Pseudomonas jluorescens 
Migula, yeasts such as Pichia guilliermondii (Wicker­
ham), and the filamentous fungi Aureobasidium pullu­
lans (De Bary) Arnaud, Myrothecium roridum Tode ex 
Steudel, Myrothecium verruca ria (Alb. and Schw) 
Ditm. ex Steudel, Trichoderma viride Pers. ex Gray, and 
Penicillium funiculosum Thorn (Table I). Suggested 
characteristics of an 'ideal antagonist' have recently 
been outlined (Wilson et at. 1991), and the genus Bacil­
lus has most of these (Lynch 1988). 

In our studies, Bacillus spp. were effective in con­
trolling postharvest diseases of avocado, mango, and 
Iychee (Table 1). These Bacillus spp. were all dominant 
naturally-occurring epiphytes of avocado, mango and 
Iychee (Korsten et al. 1991 b, 1993a.b; Korsten 1993). B. 
subtilis effectively controlled anthracnose, DCC, and 
SE in postharvest dip, ultralow volume (ULV) and wax 
spray applications (Korsten et al. 1989, 1991 a; Korsten 
and Kotzc 1992). Pusey (1989) listed several plant dis­
eases that could be controlled with B. subtilis. He was 
also the first to evaluate B. subtilis in semicommercial 
experiments on the packing line (Pusey et al. 1988), and 
the first to patent the use of B. subtilis as a postharvest 
biocontrol agent (U.S. Patent no. 4 764 371). Other 
Bacillus spp. evaluated in our studies have not previ­
ously been described as antagonists of postharvest fruit 
pathogens. Of these, B. licheniformis controlled 
anthracnose ancl SE of mango (Korsten et al. 1991 b), 
Iychee postharvest decay (Korsten et al. 1993a) and 
anthracnose, DCC, and SE on avocado (Korsten and 
Kotze 1992). B. megaterium and B. stearothermophilus 
were effective against lychee postharvest decay in post­
harvest clip applications (Korsten et al. I 993b), whereas 
B. cereus reduced the aforementioned avocado posthar­
vest diseases (Korsten et al. 1989; Korsten and Kotzc 
1992). Koomen and Jeffries (1993) also reported etTec-



tive control of mango anthracnose by using B. cereus in 
postharvest applications. 

One or the earliest reported uses or Bacillus was the 
fermentation of soybeans into naito, a traditional Japa­
nese food. The current consumption of nalto fermented 
by B. sublilis var. nallo, together with the low level of 
reported incidences of pathogenicity amongst strains of 
B. subtilis. and the widespread use of their products and 
those of their close relatives in the food and beverage 
industries, have resulted in the granting of GRAS (Gen­
erally regarded as safe) status to B. subtilis by the U.S. 
Food and Drug Administration (Harwood 1992). 

Mode of Action 

In order to optimise disease control. it is important to 
understand the mode of action of the antagonists so that 
these attributes can be utiliscd to improve performance 
(Lynch 1988). In practice. few organisms antagonise by 
a single mechanism (Atlas and Bartha 1987). Negative 
interactions most likely to occur in the plant microbial 
environment include site exclusion (Janisiewicz 1988), 
competitive colonisation (Bhatt and Vaughan 1962). 
nutrient competition (Lim and Rohrbach 1980; Heye 
and Andrews 1983; Chalutz et al. 1988; Wisniewski et 
al. 1989; Roberts I 990a; Chalutz and Wilson 1990; 
1992; McLaughlin et al. 1990; 1992), antibiosis (Pusey 
and Wilson 1984; Singh and Deverall 1984; Utkhede 
and Sholberg 1986; Boudreau and Andrews 1987; Jani­
siewicz and Roitman 1987; Stretch.1989; Wilson and 
Chalutz 1989; El-Goorani and Beer 1991; Smilanick 
and Dennis-Arrue 1(92), induction of host derence 
mechanisms (Lim and Rohrbach 1980; Janisiewicz 
1987; Chalutz et al. 1988; Stretch 1989; Chalutz and 
Wilson 1990; 19(2), and direct interaction with the 
pathogen (Dubos 1(84). l11e mode of action of Bacillus 
is probably through production of antibiotics and/or 
nutrient and space competition (Utkhede and Rahe 
1980; Pusey 1989). Gueldner et al. (1988) reported the 
isolation of antifungal iturin peptides from B. sublilis 
which are active against mycelial growth or Monilinia 
fructicola (Win!.) Honey. However, antibiotics arc sec­
ondary metabolites produced by microorganisms under 
optimal growth conditions when excess substrate is 
available (Atlas and Bartha 1987; Sequira 1987). Such 
optimal nutrient conditions, according to Blakeman 
(1985) and Atlas and Bartha (1987), arc not normally 
found in natural habitats like plant surfaces. Antibiotics 
also do not accumulate in natural habitats, but can be 
broken down by resident epiphytes. be inactivated by 
adsorption to leaf tissue, or be lost to the atmosphere 
(Atlas and Bartha 1987; Singh and Faull 1988). In cer­
tain microsites such as wounds on rruit surfaces, 
released nutrients can promote antibiotic production by 
antagonists (Sneh 1(90), thus protecting infection sites. 
However, the role of antibiotics with quiescent infec-
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tions must still be ascertained. In our investigation, dif­
ferent modes of action were evident at different stages in 
the life cycle of the pathogen. These included site 
exclusion, nutrient and space competition. and antibiotic 
production (L. Korsten, unpublished data). 

Integrated Control 

Biological products which can be used in combination 
with conventional crop protection procedures should 
readily gain acceptance (Schwarz 1992). Although inte· 
grated control has been implemented successfully 
against root diseases (Cook and Baker 1(83), surpris­
ingly little information is available on integrated control 
of above-ground plant diseases (Wilson and Wisniewski 
1989; Jeffries and Jcger 1990; Andrews 1992; Wisniew­
ski and Wilson 1(92). Nonetheless, various reports on 
successful integrated control of fruit diseases have been 
published (Table I). In our investigations, the Bacillus 
spp. used as antagonists were compatible with benomyl 
(Korsten et al. 1991 b), prochloraz and chlorine (Korsten 
1(93), and were subsequently evaluated in an integrated 
program with these compounds. B. subrilis in particular 
showed promise when integrated with quarter strength 
prochloraz, and effectively controlled SE and DC,(, on 
Fuerte, SE and anthracnose on Hass, and SE on Ryan 
avocado fruit (Korsten et al. 1993a). Such an integrated 
control approach, using a considerably reduced concen­
tration of the fungicide in combination with an antago­
nist, could be more acceptable rrom a safety standpoint 
than treatment with the fungicide at its recommended 
concentration (Droby et al. 1991 al. However, combining 
quarter-strength fungicide concentrations with a biocon­
trol agent was not always more effective than when using 
the antagonist on its own. For instance, Korsten et al. 
(1991 b) found that a quarter- strength benomyl com­
bined with B. iichenijimllis and applied in a hot water dip 
(52°C) was less effective in controlling anthracnose on 
mango than a hot water B. licheniforntis dip on its own. 
Similarly, dipping avocado fruit in chlorine before a B. 
cereus dip, did not improve the level of anthracnose and 
SE control already achieved with a B. cereus dip on its 
own (Korsten et al. 1989). 

Chemical vs Biological 

If biological control cannot produce results comparable 
with that or commercial fungicides, it will not be a 
viable commercial option (Swinburne 1978). Where 
biological agents have to compete in a market domi­
nated by an effective and relatively inexpensive fungi­
cide, the challenge and demands facing biocontrol 
agents are great (Andrews 19(2). Superimposed on 
these demands is the reality that growers' concern is 
primarily with the economic aspects of control, gener­
ally risk-averse, and inclined to rely on measures which 



act promptly (Andrews 1992). In our investigations, B. 
s/ear/ermophilus, B. megaterium, and B. licheniformis 
dip applications on their own or in combination. were 
more effective than a bcnomyl dip in controlling post­
harvest decay and preventing secondary infection or 
lychee (Korsten et al. 1993b). Also, in a second fine 
spray application experiment, B. sub!ilis was as effec­
tive as benomyl in preventing secondary infections on 
lyehee (Korsten et al. I 993b), while B. licheniJormis dip 
treatment was as cffcctive as the commercial benomyl 
treatment in controlling SE. and morc effective in 
reducing internal anthracnose severity on mango (Kor­
stcn et al. 1991 b). Furthermore, a B. cereus dip treatment 
controlled avocado postharvest discases anthracnose, 
DCC, and SE more effectively than did a prochloraz dip 
application, and was as effective as the prochloraz UL V 
application (Korstcn and Kotze 1992). 

Antagonist Application Methods 

If biocontrol can be made compatible with existing 
famling practices, it will add to its commercial accep­
tance. Pusey et al. (19R8) incorporated B. subtilis into 
fruit wax used commercially on the packing line, and 
thereby effcctively controlled postharvest diseases on 
stone fruit. Similarly, Korsten et al. (1991 a) were able to 
control anthracnose, DCC, and SE on avocado with B. 
sub/ili.1 applied in Tag-wax (polycthylene) on the com­
mercial packing line. They also found the antagonist 
capable of surviving for at least 32 hours in the Tag-wax 
without a reduction in viable cells. This would enable 
packhouscs to mix the antagonist into the wax on a daily 
basis. without replenishing the antagonist-wax formula­
tion during the day in operation. liLV antagonist appli­
cations arc effective in controlling avocado postharvest 
diseases. However, Korstcn et al. (1993b) found a B. 
mega/aium fine spray application more effective in 
controlling postharvcst decay and secondary infection 
of Iychee than when applying the antagonist in a dip. 

Antagonist Concentration 

Of importance in any successful biocontrol program is 
the requirement that the antagonist be effective at low 
concentrations (Wisniewski ct al. 19R9). Sincc effec­
tivencss of control is closcly related to initial levels of 
the pathogen present on the fruit surface, more effective 
control can be achieved by increasing antagonist con­
central iOlls (Janisiewicz 1987). Lyehee postharvest 
decay was controlled at lOs cellsimL, but not at lower 
concentrations. However. secondary infection on Iychee 
fruit was effectively prevented by antagonist concentra­
tiolls of ]()5_]()H eells/mL (Korsten et al. I 993b). A 
similar range of antagonist concentrations was found 
effective in controlling avocado postharvest diseases 
(Korstel1et al. 199Ia). 

Itll 

Antagonists Applied Singly or in 
Combination 

lanisiewicz (198R) found antagonist combinations more 
effective in controlling several diseases than when 
antagonists were applied singly. Applying mixtures of 
antagonists did not necessarily improve effectiveness. 
For instance, Korsten et al. (1989) found that B. sub/i/is 
combined with B. cereus more effectively controlled 
DCC than when B. sub/ilis was applied on its own. 
However, the antagonist mixture was less effective in 
controlling anthracnose than the B. suh/ilis treatment on 
its own. On the other hand, Korsten and Kotzc (J 9(2) 
found B. cereus on its own or combined with B. sub/ilis 
equally effective in controlling all three postharvest dis­
eases of avocado. 

CuItivar Effect on Biocontrol 

Biocontrol of postharvest fruit diseases is complex, ami 
numerous interactions affect the efficacy of the treat· 
ments. lanisiewicz and Marchi (J 992) highlighted the 
importance of cultivar effect on the outcome of hiocon­
tml treatments. Lychee postharvest diseases could 
effectively be controlled on both Mauritius and Madras 
lychee cultivars (Korsten et al. 1993b), whereas mango 
postharvest diseases were effectively controlled on 
Sensation and Keitt (Korstcn et al. 19(2). Biocontrol or 
anthracnose, DCC, and SE of avocado was effective on 
Fuertc (Korsten et al. 1988, 1989, 1993a; Korstcn and 
Kotzc 1992), and Hass cultivars (Korsten et al. 1991 a, 
1993a). However, only anthracnose and DCC could be 
reduced on Edranol (Korstcn et al. 19R9), and SE on 
Ryan (Korsten et al. 1993a). Variation in effectivcness 
when different pear cultivars were dipped in a suspen­
sion of Pseudomonas syringae Van Hali was attributed 
to differences in physiological processes governing 
antagonism (lanisiewicz anu Marchi 1992). Variation in 
susceptibility between cultivars is a well-known phe­
nomenon, e.g. the exccptional proneness of Fuertc avo­
cado fruit to postharvest decay (Jacobs 1974). It is also 
known that variations in the incidence of avocado post­
harvest diseases occur throughout the season (Darvas 
1982), and that they arc related to rainfall (Peterson 
1977). 

Consistency 

Consistem:] in disease control is an important trait to! 
any disease control agent. Thus. for commercial accep­
tancc, biocontrol will havc to t!ive consistently high 
levcls of control (Korsten et al. 1991 b). In addition, t>io­
control must be effective throughout the season and at 
several localities, as was demonstrated by Korsten et al. 
( 1993a) with avocado. 



Conclusions 

A variety of factors will deternline the present and future 
situation in biological and integrated disease control, 
e.g. public opinion, and the role of regulatory authorities 
in the commercialisation of biological products 
(Schwarz 1992). The range of products will be deter­
mined by the possibility of obtaining patent protection 
for organisms intended to be used for biocontrol. Patents 
have been issued or are pending on a number of these 
antagonistic microorganisms (Wilson et al. 1991). The 
acceptance of biological crop protection methods by 
producers and consumers will also depend greatly on 
how long they retain their efficacy and whether the 
methods of application are compatible with existing 
systems and moreover. whether they operate at a rea­
sonable cost (Schwarz 1992). 

In this study, biocontrol has been shown to be a viable 
option for disease control which can effectively be 
implemented in any farming practice or packhouse 
operation. Control equal to or more effective than that 
achieved with fungicides is possible with optimised 
antagonist applications. However, certain key aspects 
will have to be addressed urgently. These include: I) 
registration of antagonists with concurrent acquisition 
of toxicological data; 2) commercialisation and optimi­
sation of fermentation and formulation technology; 3) 
storage and application of antagonists; 4) product con­
sistency in achieving disease control; and 5) public 
acceptance of biocontrol as an alternative to fungicides. 

Future commercial development of microbial antag­
onists as biocontrol agents will most likely depend on 
relatively small niche markets where different antago­
nists can be used to control specific fruit diseases (Jani­
siewicz and Marchi 1992). It is perhaps important to 
keep in mind that biocontrol is fundamental applied 
ecology (Andrews 1992). ll1erefore, a thorough knowl­
edge of the mode of parasitism, infection and epidemi­
ology of the pathogen, antagonist mode of action, and 
microbial interactions can aid considerably in predicting 
prospects for success. Long-term biocontrol strategies 
would more and more entail management of microbial 
communities to favour biocontrol agents and disfavour 
the pathogen (Andrews 1992). We feel that biocontrol 
has a lot to offer as a future alternative control strategy. 
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Sulfur Dioxide Fumigation in Postharvest Handling 
of Fresh Longan and Lychee for Export 

Sing Ching Tongdee* 

Ahstract 

Sulfur dioxide (SOl) applied as a fumigant dlectivdy controlled saprophytic surface fungi and prevented skin 
hrowning, two of the major postharvest problems of harvested fresh Jongan and lychec. A standardised procedure 
lIsing gase',)llS S02' wherehy a ratio of 5: I hetween the free space volume (mL or L) of the fumigation chamher 
and fruit weight (g or kg) was employed. 

The effect of S()2 on surface growth of fungi. S02 injury to the rind, and SOl residue levels in the treated fruit 
depended on the concentration of S02 applied, and varied with cuitivar, particular crop, and the duration of 
fumigation. From 30 65% of applied sulfur dioxide was absorbed by the fumigated fruit. Maximum efficacy was 
obtained whm whole fruit residues immediately after fumigation were 200 .150 ppm, Residue levels decreased 
rapidly dunng the first two days after fumigation. Residues were concentrated in the skin. Levels in the fruit aril 
were very low. A maximum residue level (MRL) of30 ppm for the fruit aril is proIX)sed. 

There is scope for a choice of application system f()r commercial fumigation facilities. The system used at 
present for longan employs an initial fumigation using a high concentration of S02 for a short duration, allowing 
an operator to treat more than one ehamher load per night. Whatever the application system. fumigation facilities 
must include a scrubbing system to reduce the operator and environmental hazards associated with the usc of 

S02' 
During the 1991 and 199.1 scasons. a range of S02 slow-release pads was developed at the Thailand Institute 

for Scientific and Technological Research (TISTR). These are suitahle for the control of skin hrowning and dis­
ease in lychce and longan during a range of storage and transportation limes, There is now the potential for a 
European market accessible hy sea for Thai Iychees and longans. 

SULFUR dioxide (SO.,) is one of the most widely used 
food preservatives, -(be fumes of burning sulfur were 
used by the ancient Egyptians and Romans to sanitise 
wine vessels, an applieation which continues to this day 
in a more controlled manner. Sulfiting agents such as 
sulfur dioxide, sodium and potassium metabisulfite, and 
sodium and potassium sulfite have been used in food, 
The sulfites display a wide range or userul effects in 
food, including inhibition of non-enzymatic browning 
(the fornlation of mellanoidin pigments), as an antioxi­
dant. and as a reducing agent by inhibition of various 
enzymatic catalyscd reactions (notably enzymatic 
browning involving oxidation or phenolic compounds 
present in food), and inhibition and control or microor­
ganisms, Their control of browning and antimicrobial 
effects maintain the quality and nutritional valuc of 
food, A partial list of sulfited food is provided in Tables 
I and 2 (Taylor and Bush I,)X6), 

* Postharvest Technology Lahoratory, Thailand Institute of 
Scientitlc and Technological R,'scarch, 196 I'hahonyothin 
Road, Chatuchak, Bangkok I (lYOn, Thailand. 
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Sometimes sulfites are condemned as cosmetic addi­
tives added merely to improve the physical appearance 
of the finished products, particularly in their restaurant 
application in salad bars, It is this application that has 
been the most problematic, since the sulfite added to 
lettuce remains in free inorganic form not in a bound 
form as occurs with other fruit and vegetables (Martin et 
al. 19R6), While scientific panels continue to judge sul­
fites as safe for the majority of consumers, considerable 
concern has arisen regarding the potential hazards faced 
by sulfite-sensitive individuals, who arc almost exclu­
sively severe asthmatics. The threshold for sulfite sensi­
tivity varies among individuals and the type of food, 
ranging rrom about :1 mg to 120 mg SO., equivalent. A 
.ioi~t FAO/WHO Expert Committee on Food Additives 
applied a IOO-fold safety factor, and estimated the 
acceptable daily intake (AD!) ror humans at 0,7 mg/kg 
of body weight/day (cited by Taylor and Bush 1 ')86), A 
selection or particular meals can result in considerably 
higher sulfite intakes, However, e.xceeding the ADI in 
this manner would result in no hann to normal individ­
uals unless done on a regular basis. 



Table 1. Estimated total SO, levels as consumed in some 
sulfided foods 

Food 

>100 ppm 
Dried fruit (excluding dark raisins, prunes) 
Lemonjuice (non-frozen) 
Salad bar lettuce 
Lime juice (non-frozen) 
Wine 
Molasses 
Sauerkraut juice 

50-99,9 ppm 
Dried potatoes 
Grape juice (white, white sparkling, 
sparkling, red sparkling 
Wine vinegar 
Gravies, sauces 
Fruit topping 
Maraschino cherries 

10,1-49,9 ppm 
Pectin 
Shrimp (fresh) 
Corn syrup 
Sauerkraut 
Pickled peppers 
Pickled cocktail onions 
Pickles/relishes 
Corn starch 
Maple syrup 
Imported jams and jellies 
Fresh mushrooms 

<10 ppm 
Malt vinegar 
Dried cod 
Canned potatoes 
Beer 
Dry SOLIP mix 
Soft drink 
Instant tea 
Pizza dough (frozen) 
Pie dough 
Sugar (esp. beet sugar) 
Gelatin 
Coconut 
Fresh frllit salad 
Domestic jams and jellies 
Crackers 
Cookies 
Grapes 
High fructose corn syrur 

Total S02 (ppm) 

120() 
800 

4O~950 

160 
150 
125 
100 

35-90 
85 

75 
60 
60 
50 

>10-50 
>10-40 

30 
30 
30 
30 
30 
20 
20 
14 
I3 

10 
10 
10 
10 
10 

<10 
<10 
<10 
<10 

7 
6.6 

5 
5 
5 
5 
5 

1-5 
-' 

Source: The ft'-cxaminatil'il for thl..' eRAS '.t'-'tu'. of \ulfiting agents. 
January 1985. Life Science Research Office. Federation of 
American S(X'iellt's for Lxperillll'lltal Biology. Total S02 
level based on Monier- \\.'illial11,) as\ay. 
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Table 2. Suggested sulfur dioxide levels in dried vegetables 
and fruit 

Food S02 (ppm) 

Beans 500 
Cabbages I CX)0-25(X) 
Carrols 500-1000 
Peas 30~500 

Potato granules 250 
Potato slices 20~400 

Com 2000 
Apples 1~2000 

Apricots 2CXXl-4000 
Peaches 2000-4000 
Pears 1 (XXl-·2000 
Raisins 1000-1500 

In 1986, the LJ .5. Food and Drug Administration pro­
posed two regulations relating specifically to sulfites 
(FDA 1986a,b). Onc rcquircs thc dcclaration of sulfites 
on the label when the residual sulfite excccds 10 ppm as 
total 502' The second regulation rescinded the generally 
recognised as safe (GRAS) status for sulfites for use on 
fruit and vegetables in the raw state, including the direct 
usc of sulfite in salad bars. Allowable 502 levels of 
selected food items in selected countries are given in 
Table 3 (Anon. 1992). Foods for which no regulatory 
standards exist are also allowed to contain sulfites. 
However, this provision excludes meat. fish, poultry, 
and foods rccogniscd as a source of thiamine (Hadziycv 
1988). 

In summary, there is reason for concern about sulfite 
use in food. Howevcr. thc usc of good manufacturing 
practice and labclling may bc sufficient to control exist­
ing hazards ror sulfitc-sensitivc asthmatics. 

Use of Sulfur Dioxide on Fresh Grapes 

507 was used in California in the 1920s to prevent decay 
and- fermentation of wine grapes. Howcver, it took scv­
eral years, until 1931-1932, to develop a satisfactory 
fumigation program for table grapes (Pentzer ct al. 
1932). An initial gas treatment was developed which 
effectively controlled decay during thc 8-10 days 
required to transport the refrigerated fruit to eastern 
markets (Harvey 1955). Later (1956--1959), the treat­
ment scheduk was expandcd to include periodic refu­
migations for grapes held in storage up to 6 months 
(Harvey 1956; Ballinger 1(85). It beeamc a standard 
practise in California to apply the initial fumigation thc 
same day that the grapes are harvested. 

502 fumigation of grapes is aimed primarily at con­
trolling decay caused by fungi. The treatment sterilises 
the berry surface. S02 is also beneficial to the stems, 
causing them to bleach slightly and retain a light green 
colour (Harvey 1(77). With the exception of grapcs, 



Table 3. Allowable S02 levels (ppm) in food in selected countries 

Country 

Canada 

Hong Kong 

Malaysia 

Singaporl' 

Japan 

The Netherlands 

France 

USA 

Food 

Dried fruit and vegetables 
Beverages 
Wines 
Beer 
Sweeteners 

com syrups and molasses 
dextrose 

Tomato paste and products 
Fresh fruit 

Dried fruit 
Fruit juice (conc.) 
Wines 
Ginger (direct conSulllptl<'I1) 
Ginger (dry root) 
(i1ucose syrup 
Glucose 
Fresh fruit 

Dried fruit and vegetables 
Fruit (other than fresh fruit) 
Fruit juice (conc.) 
Fruit juice (direct) 
Wine 
Ginger (dry root) 
Sugar or sugar syrups 
Tomato pulp and products 
Yoghurt. fruits 
Fresh fruit (pulp) 

Standards of usage for (,)ods in general 

Fresh Iychee 

Fresh grape 

most other fresh fruits arc easily injured by S07' When 
applied incorrectly, S02 may also cause various~degrees 
of injury to grapes. Thus. they should be exposed to only 
the minimum quantity "r gas needed. 

A number of systems I'm treating fresh grapes has 
been developed over the years (Nelson and Gentry 1966, 
1968; Nelson 1970; Harvey and Vota 1978). The sys­
tems most commonly employed arc: an initial high con­
centration~short duration S02 fumigation followed by 
subsequent periodic fumigation at a slightly lower con­
centratinn; the use of S02 slow-release pads enclosed in 
the fruits boxes (Anon. 1981); and a continuous trickle 

18R 

Aiiowable'S021eveis 

2500 
70 (free) 
350 (total) 
15 

500 
20 
500 
o 

-'50 

2000 
-'50 
450 
140 
ISO 
300 
40 
o 

2000~30()0 

350 
350 
120 
300 
150 
70 
350 
60 
U 

30 

100 (not exccl"ding 300 at the 
cxpnrring countries) 

30 (temporary level considering to 
lower to 10) 

10 

svstem at a low level of SO, for long-term storage 
(IJahlcnburg et al. 1979). L 

Postharvest Handling of Longan and 
Lychee and the US{' of Sulfur Dioxide in 

Maintaining Fruit Qualities 

Longan and lychel' are pIllbably two of the most perish­
able of tropical fruits. 'l11Crc are twn areas in the post­
harvest handling chain <)f longan and lychee which 
deserve special attention. Firstly, precooling should be 
applied to remove field heat and provide crfective tem-



perature management during transportation. This ena­
bles maintenance of fresh quality and flavour, reduces 
desiccation, and pre\"(~nts browning of the rind. Sec­
ondly, effective postharvest fungicidal treatment is 
needed to prevent fruit decay. 

Both longan and Iychee are non-climacteric fruit 
which exhibit. at 25°C, a moderate rate of respiration 
(30--45 mL CO2 Ikg/hour), and a low rate of ethylene 
production (less than 0.1 ).I.Ukg/hour) (Tongdee et al. 
1982). Ilowever, both fruits deteriorate rapidly aner 
harvest. Shelf life at room temperature (30°C) is less 
than 72 hours (Campbell 1959). One of the major prob­
lems at high temperatures and humidities is the growth 
of saprophytic fungi. mainly Bolryodip/ot/ia spp., on the 
fruit surface (Prasad and Bilgrami 1974). At a low rela­
tive humidity, deterioration by decay is reduced, but the 
fruit loses its freshness. The rind turns brown, dry, and 
brittle, and the aril wilts and shrivels. The rot problem is 
reduced but not entirely climinated by cold storage. 
Fruit stored at 5-7°C also suffer from chilling injury, 
indicated by browning of the rind, and upon removal to 
ambient temperatures, the injured fruit are more suscep­
tible to fungal infection (Tongdee et al. 1982). 

Earlier attempts to develop postharvest treatments for 
longan and Iychee (Morevil ! 973; Akamine and Goo 
1977; Swarts and Anderson 1980; Scott et al. 1982; 
Johnson 1989; ) including an adaptation of S02 fumiga­
tion procedures used for fresh table grapes (Roth 1963, 
cited in Nip 1988; Hu and Liu 1979) were either inef­
fective or resulted in the development of oIT-flavour. 

However, by 1984, reports from South Africa were 
saying that sulfur fumigation was etTective in control­
ling decay and preventing browning of fresh lychee 
(Swarts 1(85), and exporters in South Africa were able 
to successfully ship large volumes of Iychee by sea to 
Europe. 

Application of Sulfur Dioxide for Longan 
and Lychee by the Initial Fumigation 

System and its Commercial Application 
in Thailand 

In the fumigation system, S02 gas is added to an enclo­
sure in order to control or eliminate undesirable micro­
organisms. The most appropriate system for longan 
under the present handling system in Thailand, wherc 
the transportation period is less than 2 weeks to major 
longan importing countries, is the high concentration­
short duration fumigation system. The development of 
such a fumigation system also takes into consideration 
the scale of operations. compatibility with the existing 
handling, packaging. and marketing systems, and 
socioeconomic circumstances in Thailand. 

Gaseous S02 from vaporising liquid S02 held in 
pressurised cylinders was used as a source of S02 in all 
experimental work carried out at the Thailand Institute 
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for Scientific and Technological Rcsearch (TISTR). For 
small- scale futlligation. plastic surgical syringes were 
used to withdraw SO,. Nonabsorptive glass or plastic 
containers were used as fumigation chambers. For 
large-scale work, fumigation chambers made of either 
stainless steel (capacity 0.5 m3) or formica-lined ply­
wood (capacity 1.7 m3) were used and a precision tlow­
meter used for introducing S02 into the chamber. 

For consistency and reproducibility, a standardised 
fumigation procedure was used where the ratio of fruit 
weight and the free-space volume of the fumigation 
chamber was maintained at I :5. Separate indices were 
established to indicate the degree of fungal growth on 
the fruit surface and SO, in jurY of the rind. SO, was 
assayed by a modified M~H1i~'r-Williams method. ~For a 
small fumigation container. residual headspace S02 at 
the end of fumigation was determined by subjecting the 
container to a continuous airriow I'll[ about 30 minutes 
and trapping the outnow air in a Y:' hydrogen peroxidc 
solution containing an indicator. The S02 in the trap was 
titrated with alkali and quantified. For a large chamber. 
final heads pace S02 concentration was determined by 
portable S02 detector tube (Drager tube). For cotlllller­
cial operations, S02 was generated by burning sulfur 
heated by an external electric source. Most fumigation 
rooms were made of forn1ica-lined plywood. 

The effect of 20 minutes fumigation with SO, on 
fungal growth and symptoms of S02 injury on the ~rind 
depended on the application rates, as illustrated for 
lychee cv. Iionghuai and longan Cy. Do in Figures I and 
2. Fungal growth or rotting was crfectively controlled at 
high application rates. Symptoms of S02 injury 
occurred at intermediate concentrations and resulted in 
a far more extcnsive fungal growth on the surface of the 
fruit than found on the non-fumigated control. BOlryo­
dip/odia spp. remained the predominant fungi on the 
surface offruit fumigated at below a minimum rate. The 
main symptoms of SO) injury on lychee immediately 
after fumigation was an uneven bleaching of the rind 
which developed into irregular reddish-brown spots. 
circles, or lines by 24 hours. As the application rate 
increased. there was a uniform bleaching elf the rind, its 
colour changing from red to creamy yellow. 

On longan the symptoms of S02 injury, indicated by 
irregular brown circles or lines, became apparent on the 
underside of the rind 2 days after fumigation. Lniform 
bleaching of the rind of longan fruit. at higher applica­
tion rates, resulted in an attractive pale-brown colour. 
However, at excessively high application rates, the aril 
turned from shiny ancl transluccnt to dull white in both 
longan and Iychee and an off-flavour became apparent. 
The aril of fumigated fruit turned pinkish. This was 
especially noted on the stern end of longans after 10 days 
or longer in storage. Rccontamination occurred during 
long-term storage with Penicillium sp. becoming the 
predominant !lora on the fruit surface. 
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Figure I. Effect of S02 fumigation concentrations on surface 
fungal growth on Iychees. Columns within each 
treatment represent fungal growth assessed in 
sequence on days 7, 9. 10, and II. Values above 
each column indicate 502 injury (%). 
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J<'igurc 2, Effect of 502 fumigation concentrations on 502 
injury and surface fungal growth on longans. 
Columns in tn:atments ck to 10 mL represent fungal 
growth assessed on days 4 (_) and 7 (lJ), and in 
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S02 residues increased with length of fumigation 
(Fig. 3). Applied SO, was found mainly on the rind. 
Residue levels at 100- pPIll showed evidence of partial 
inhibition of fungal growth. Due to S02 injury occurring 
at sh0I1er fumigation duration, a minimum of 20 min­
utes was required. Imillediately after fumigation, resi­
due levels ranged from ISO 400 and 1200 3200 ppm 
for the whole fruit and the rind, respectively (Figs 4 and 
5), depending on the appl ication rates, Residue leve Is 
declined with storage by approximately SOL!,; during the 
first 2 days, Seven days after fumigation, fruit main­
tained residue levels of 3S-1 00 and ISO-~()() ppll1 for 
the whole fruit and the rind, respectively, depending on 
the application rates, The aril had few or only trace resi­
dues, There was a slight increase in residue levels in the 
aril with storage, This increase was also noted in Iychee 
(data not shown). The effects of several pre- and post­
fumigation treatments on longan, including aeration or 
washing, had little effect on SO) residues assayed 
immediately after fumigation Crable 4), 

In a series of carefully executed and analysed experi­
ments on Iychee, S02 levels were assayed periodically 
to detennine the effect of various post-fumigation treat­
ments, including the use of an acid dip for colour 
improvement of fumigated Iychees, Residue levels on 
the rind showed significant dilTerences, supporting the 
theory of a carryover effect: the migration of SOo from 
the rind to the ari!. It is probable that the aril, affected by 
the carryover S02 on the rind, remains as though sub­
jected to continuing fumigation by SOo, Thorough aera­
'tion to reduce the S02 levels in the rind of the fruit after 
fumigation is thus strongly recommended, 

Table 4. Effect of pre- and post-fumigation treatment 011 

S02 residues (ppm) in longan 

Treatment Whole Rind Aril 

Standard fumigation treatment 160 1280 0 
Pre-fumigation treatment 

wet fruit 185 1120 3 
air drying of wet fruit 190 1360 0 

Post-fumigation trcatmcllt 
aeration 150 1340 2 
washing with water having 
pH adjusted at: 
pH2 160 1300 0 
pH4 170 1360 <I 
pH7 145 1200 0 
pHI2 170 1360 0 

A linear relationship exists between application rates 
and residue levels (whole fruit basis) of fumigated fruit 
(Fig, 4) and the respective final residual SOz concentra­
tions in the headspace (final concentration) of the fumi­
gation chamber (Fig, 6). For longan fumigated at a 
recommended rate of 200300 mL SOikg of fruit. SOz 
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J<'igure 3. Effect of fumigation exposure periods on S02 residues (whole fruit), surface fungal growth, and S02 injury of longans. 
Residues were analysed immediately aft~r fumigation. Columns in each treatment represent fungal growth assessed on 
days 4 (_) and 7 (0). 

residues ranged from 200-300 ppm and 1500-2500 ppm 
(data shown in Fig. 5) for the whole fruit and the rind, 
respectively. At such a rate, S02 concentration remain­
ing in the chamber at the end of the fumigation period 
was about 1.5%. The recommended rate for Iychee cv. 
Honghuai and cv. Emperor is 75-125 mL SOikg and 
for cv. Khom, 125 mL SOikg, and the residential head­
space S02 concentrations 0.3-0.45 and 0.65%, respec­
tively. A linear relationship between application rates 
and sorption of S02 by the fruit, calculated from the 
difference between the S02 applied and the remaining 
headspace S02 in the chamber, is illustrated in Figure 7. 
Figure 8 plots S02 residues obtained by theoretical cal­
culation and by direct S02 assaying. Some 30-65% of 
applied S02 can be accounted for. Our results indicate 
that there are important equilibria between the amount 
of S02 applied, and sorption of the fruit, and the S02 
residues detected on the fruit. 

Correct fumigation requires the establishment of an 
S02 concentration sufficiently high to result in an 
effective S02 level on the rind, thus providing a desira­
ble degree of control of fungal growth on the fruit sur­
face throughout the marketing period. The concentration 
should be such as to avoid S02 injury symptoms on the 
rind, tainting of the aril, and unneccssarily high residue 
levels. A high level of S02 on the rind appears to steril­
ise the fruit surface, as indicated by the occurrence of 
recontamination on longan and lychee fruit with storage, 
where Penicillium sp. rather than Botryodiplodia spp. 
became the predominant fungus on the fruit surface. 
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Figure 4. Relationship between S02 application rates and 
S02 residues (whole fruit) of fumigated Iychees (cv. 
Honghuai and Khom) and longans (cv. Do). 
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Figure 5. SOl residues on fumigated longan fruit stored at 22°C. SOl application rates (mLlkg) indicated on curves. 

Variations from standard fumigation procedures arc 
often unavoidable during commercial operations. For 
example. when burning sulfur is used as a source of S02' 
the S02 concentration increases gradually in the cham­
ber. Splitting the S02 gas injection was used to simulate 
such a condition in our test chamber. Table 5 indicates 
that longan fruit receiving split SO., injections had resi­
due levels similar to those having one injection. pro­
vided sufficient fumigation time after the last injection 
was allowed. Timing of fumigation duration (a mini­
mum of 20 minutes) should begin only when sulfur has 
been completely burnt. 

Table 5. Comparison of single and split application of SOl 
on residue levels (ppm) in longan 

Application method Whole fruit Rind Ani 

30 mL for 20 min 320 1950 
30 mL for 40 min 370 2250 8 
15 mL for 10 min plus 210 \350 <I 
15 mL for 10 min 
15 mL for 20 min plus 340 2050 2 
15 mL for 20 min 
3 mL for 2 min. applied 200 1300 
10 times 

Table 6 illustrates residue levels of longan samples 
from subsequent scale-up experiments where fruit were 
fumigated at a recommended rate using a large fumiga­
tion chamber. Residues determined immediately after 
fumigation showed a consistent agreement with the 
experimental data obtained in glass jars. The dosage of 
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SO., to be administered into a fumigation chamber 
dqJ'Cnds upon: (I) the sorption of the fruit and the 
amount to be fumigated; (2) the size of the room or. 
more precisely. the free-space in the room; and (3) the 
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Figure 6. Relationship between SOl application rates and 
SOl sorption by Iychccs (cv. Honghuai and Khom) 
and longiills (cv. Do). 



Table 6. Maximum SO: residue levels (ppm) estimated from logan fruit samrks in a scale-ur trial 

Sample no. Day 0" Day I Day 2 
---------- ----,,-----

whole rind aril whole rind aril whole rind aril 

I 280 1850 6 180 1300 14 140 920 4 
2 230 1730 7 160 1320 5 \30 1010 5 

-' 380 2650 20 240 1590 31 150 IOXO 7 
4 290 1950 II 210 1440 8 130 S80 4 
5 2RO 1960 S \60 1210 9 150 1040 I' 
6 270 2050 10 200 I.DO 14 140 960 (, 

7 260 1820 8 180 1150 13 110 90n 5 
8 230 1690 7 190 1350 8 \30 880 10 
9 260 1940 4 150 1190 4 120 1100 8 

10 260 1840 7 ISO 1290 20 

Calculated 565 -"no 20 400 2740 30 3()O 2100 15 
MRL 

a Residues analysed immediately ;[ftcr fumigation al a recommended rate for Jongan 

sorption by containers and packaging materials and the 
room surface. and losses through leakage. Allowances 
will also have to be made for the fruit stalks which were 
found to be more absorbent than the fruit (data not 
shown). The quantity of S02 needed is a combination of 
the space dosage (S) and the commodity dosage (M). 
The weight of S02 required can be calculated from the 
following equation: 

weight of S02 (g) S + /',1 

where A 
B 
C 

D 
E 

(A x II x C) + (I) x F:) 

the concentration of S02 to maintain ')b 
the free space in the roOlll, in litres 
weight (in g) of I L of SO 2' at 3(j°e, 
2.574g/L 
weight of fruit. in kg 
sorption of fruit, in g/kg 

and weight of sulfur to be burnt = weight of SOi2. 

Thai longan cxporters bcgan to use the sulfur treat­
ment commercially in 1989. It is now in widespread usc. 
SO) residues were monitored on samples taken from 
ma~y trials and commercial shipments during 198991. 
There was great variation in residue levels in samples 
taken from different fumigation facilities (Table 7) and 
at various postharvest handling stages Cfable 8). In 
1991. fumigated longans also began to appear on, and 
were well received by the domestic market. In antiCipa­
tion of wider usc of this technology, a code of 'good 
agricultural practices' was drawn up in 1992 by TISTR. 
It is essentially a quality assurance scheme covering: 
I. inspection and certification of fumigation facilities; 
2. fumigation process and post-fumigation operational 

control; and 
3. residue monitoring. reporting. and labelling. 

Through this QA scheme it is hoped to promote safe 
and effective S02 application techniques to ensure that 
operators take into consideration consumer and envi­
ronmental concerns. 

Table 7. Variations in S02 residue levels (ppm) of longan fruit samples from three packing houses 

Sample No. Packing House A Packing House H Packing House C 
------. 

whole rind aril whole rind aril whole rind arB 

I 490 2180 206 120 800 7 ,00 1750 40 
2 460 1770 258 140 840 1.\ 2W 1420 13 
3 360 17XO IOC, 160 950 7 ISO 1780 19 
4 560 2460 217 100 670 12 150 910 26 
5 420 IX70 182 40 240 6 190 1270 13 
6 540 240() 230 90 640 11 
7 830 3820 176 150 980 12 
8 410 2180 72 170 1110 18 
9 380 1490 227 60 3S0 9 

10 360 1520 141 90 410 18 
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Table 8. Variatiom in S02 residue levels (ppm) of long an fmit samples at various pCbtilarvest stages 

Sample no. KI()n~ Tocy Sl'aport Packer llong Kung Scaport<i 
--~~---

"hok rind aril whok rind aril 

Container I -'00 1~60 39 a 85 700 0 
A2 -'80 1970 y. h 65 430 0 

-' 200 1200 21 b UO 690 50 (hy air) 
4 150 920 0 c 160 1140 -' 
5 3(Xl 1420 80 d 80 520 () 

6 220 U50 9 c 50 290 2 
7 220 1540 5 30 230 () 

H 210 1250 IX 80 630 I (by air) 
') 270 12HO 50 g 110 850 0 

10 210 1270 II 
Container I no 1790 22 

132 .110 1820 20 
-' .NO 17~O 113 
4 260 20()() 66 
5 J7() 2100 47 
6 :~~O 2210 60 
7 470 2170 XO 
S 360 20()() 38 
9 310 2150 14 

10 340 2000 40 
Container I 260 1680 17 

C2 270 1480 28 
3 215 1350 7 
4 140 970 S 

:- 180 1230 I 

a Residues W(TC analysed on samrles brought back to TISTR after 2 days. 
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1IIIIIIII Theoretical calculation obtained by total S02 
input/weight of fruit. 

_ '111coretical calculation obtained by (total S02 
input remaillillg S02 in the headspace)/weight 
of fruit. 

IE2l S02 re"idues assayed hy modifIed Monier 
Williams method immediately after fumigation. 



Design and Integration of Other Sulfur 
Dioxide Application Systems 

The experience and understanding uf basic principles 
gained with the standardised fumigation procedures, and 
the development of the high dose-short duration fumi­
gation system, have allowed development of other SOo 
application systems at the laboratory scale. These 
include the usc of S02 release pads, trickle application 
of S02 gas, and a sodium metabisulfite liquid dip. The 
choice of system and its integration into existing com­
mercial practice is partly science and partly art. While 
scientists and some private sector operators arc looking 
at technical options, there is no real pressure at present 
fwm the major operators to change from the high con­
centration-short duration fumigati()11 systeill. 
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Postharvest Diseases and Disorders -
Session Summary 

Chainnan: Dr Anna Snowdon, University of Cambridge, U.K. 
Rapporteur: Mr Tony Cooke, Queensland Department of Primary Industries, Australia 

POSTHARVEST pathologists are few in number, in view of the magnitude of the problems 
awaiting investigation, particularly in the tropical environment. Current emphasis 
throughout the world is on integrated methods of disease control, for reasons of economy, 
environmental protection, and public demand for reduccd chemical usage. 

Conference papers, posters, and discussions illustrated the range of options available, 
including aspects of crop husbandry, biological control, and postharvest treatments of 
various kinds. But the refinement of control methods depends on a detailed knowledge of 
pathogen behaviour (survival, dissemination, and infection mechanisms) as well as an 
understanding of host resistance. Concern was expressed that some postharvest programs 
do not devote sufficient attention to the fundamentals of pathology. Molecular biology 
dominates the research scene. 

There is much interest in developing simple 'test-kits' to assist in disease identification, 
but there is a worrying decrease in the funding and personnel devoted to classical 
taxonomic studies. More support is needed for herbaria and culture collections, both 
national and regional, to complement the international initiatives in conserving host 
gern1plasm and thereby sources of resistance genes. 

Communications networks between pathologists should be strengthened, so as to 
minimise duplication of research and, at the same time, maximise the benefits. 
Collaboration is also needed with physiologists working on postharvest disorders. 

Efforts should be made to educate the public towards an understanding that the complete 
abandonment of chemicals is neither feasible nor desirable, since the alternatives would be 
more harn1ful (e.g. mycotoxins). The burgeoning interest in tropical fruit consumption 
needs to be accompanied by increased resources for research into novel methods of 
controlling postharvest diseases and disorders. 
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