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Summary 
Trials were carried out to detennine the 
potential for postharvest disinfestation of 
citrus from Fuller's rose weevil 
(Asyuoflyclms cerviuus (Boheman)) 
(FRW) e88s by cold temperature s torage 
or by hot water or hot fungicide dipping. 
Cold disinfestation at l"C for 16 or 32 
days did not significantly reduce the vi
ability of FRW e88s. Although hot water 
dipping at SS' C for 2 minutes was suffi
cient to kill 100% of eggs in bare egg 
masses, dipping at 5S"C for an extended 
period (3.6--4.4 minutes> was necessary to 
kiU 99% ofFRW eBSS under the calyces of 
navel oranges. Hot dipping for 4 minutes 
ormore at this temperature caused severe 
damage to the fruit predisposing it to 
Pen icillium breakdown during storage. 
Hot dipping shows potential as a 
disinfestation technique to control FRW 
eggs on citrus fruit but further tests are 
required to more accurately detennine 
the time required to kill FRW eBSS whilst 
minimizing damage to different citrus 
fruits. 

introduction 
Fuller's rose weevil, Asynonydllls cervimlS 
(Boheman) (FRW), is a widely distri buted 
minor pest of citrus in many a reas of the 
world. Since 1985, it has become prominent 
as a quaran tine pest of ci trus exported to 
japan (Haney el a1. 1987), beca use egg 
masses laid under the calyces of fruit are 
not removed during processing. Japanese 
qua rantine authorities require fru it with 
viable FRW eggs to be fumigated with me
thyl bromide, which is toxic to some citrus 
cultiva rs, especiaUy lemons. 

Trial shipments of Australian navel or
anges to Japan were found to be infested 
wi th viable FRW eggs in july 1987, despite 
fumiga tion wi th e thylene dibro mide for 
fruit fl y control prior to ship ment. This 
finding was the im petus fo r a research p ro
gram to develo p ways o f controll ing FRW 
in citrus and /or disinfesting fruit . 

This paper reports studies o f the effect of 
the postha rvest treatments of cold 
disinfesta tion and hot water d ipping on the 
viability of FRW eggs. Cold disinfestation 
is an accepted trea tment for citrus to con
trol Queensland fruit fly (Badrocera tryoni 
(Froggat)) and Mediterranean frui t fl y 
(Ceratilis capilala (Weideman)), w hile hot 

water dips, with or without fungicide, have 
the potential to improve control of 
postharvest rots (Wild 1989). 

During this study the proportion of fruit 
infested with egg masses (16.8%) was 
slightly lower than that on Valencia or
anges (21 .9%) in field surveys. The average 
number of egg masses per twenty fruit was 
also slightly less than that observed for Va
lencia oranges (3.7% compared with 6.1S% 
for Valencias) (Madge el al. 1991). These 
differences, however, are unlikely to be 
important. As Japan w ill only accept fruit 
which is free from viable FRW egg masses, 
these resul ts support the need for sa tisfac
tory pre- and postharvest measures for 
FRW in navel and Valencia oranges in
tended for export to japan . 

Materials and methods 
Three postharvest trials were cond ucted to 
determine the effects of trea tment on the 
viability of FRW eggs. The treatments in
vestiga ted in these tria ls were: 1. Cold 
disinfesta tion, 2. Hotwater or hot fungicide 
d isinfestation, and 3. Optimal time and 
temperature of hot water dipping to give 
maximum disinfesta tion. A fourth tria l was 
conducted to determine the effects of hot 
water trea tments on fruit quaUty. 

Triall. Effect of cold storage 011 FR W egg 
villbility. 
An experiment estab lished to test the effec t 
of cold d isinfestation on the quality o f or
anges was used to determine the effect o f 
cold trea tment on the viability of FRW 
eggs. Eight ca rtons of Washington navel 
oranges, w ith approximately 80 fruit per 
carton, intended for export to Ja pan, were 
sampled from each of 15 different citrus 
groves in the Sunraysia d istric t nea r 
Mildura. The cartons of fruit were stored 
according to two times x temperature and 
two control treatments as follows: Treat
ment A: 16 days storageat 1"C followed by 
28 daysa t W'C; Control A: 44 daysa t IO' C; 
Trea tment S: 32 days storage at I ' C fo l
lowed by 28daysat lO"C; and Control S: 60 
d ays at lO' C The trial was designed to test 
the effect of 16 or 32 days at I ' C on the vi
ability of FRW eggs and the qua lity of fru it. 
The two controls were used to d istinguish 
between damage caused by I ' C and d am
age caused by long term cool storage. Two 

or more egg masses per fruit was deter
mined by removal of the calyx from each 
fruit. Egg masses were removed. and stored 
in petri dishes for 7 d ays at 20"C, after 
which egg viability (proportion of egg 
masses in which some eggs had hatched) 
was determined by observation of neonate 
la rvae. 

Trial 2. Effect of hot UXlter or fungicide on 
FRW egg villbility. 
Trial2a. Effect of hot water and fungicide 
on bare egg masses. Adult FRW were 
collected from the fie ld and placed indi
vidua lly in plastic disposable cups with 
fresh ci trus leaves and a 10 mm square of 
plastic. The weevils were kept under natu
ra llight conditions at a constant tempera
ture of 21' C. App roximately 80% of the 
weevils laid egg masses under the plastic 
square. Eggs adhered to the plastic squares 
and were removed with no mechanical 
damage. 

Three replica tes of four bare egg masses 
of between 1 and 8 days old on plastic 
squares were surface s terilized by immer
sion in 0.8% NaDCI for 3 minutes, fol
lowed by washing in sterile d istilled wa ter 
and subjected to one of the following treat
ments for I minute: 1. Thiabendazole (TSZ) 
(SOO ppm) a t 20' C; 2. TSZ (SOO ppm) at 
SS ' C; 3. Water at 20' C; 4. Water a t SS"C; 
and 5. Chlorine (200 ppm CaOCI) a t 20' C 
The egg masses were then incubated at 
2TC and 85% rela tive h umid ity in a com
pletely random ized design and inspected 
for larva l hatch after 20 and 44 days. The 
presence o r absence of neonate larvae was 
recorded . 
Trial 2b. Effecl of water at different tem
peratures and exposure times on bare egg 
masses. Bare egg masses were subjected 
to one of the following water / temperature 
trea hl1ents: I . 20' C for 1 minute; 2. SS' C for 
1 m inute; 3. SS ' C for 2 minutes; 4. SS' C for 
S minutes; S. S7'C for I minu te; 6. S7' C for 
2 minutes; and 7. 57°C fo r 5 m inutes. Three 
rep licates of four egg masses were trea ted, 
stored and assessed as in Trial 2a . 
Trial 2e. Effect of water at different tern· 
peratures and exposure times on egB 
masses under calyces of fruit. Adu lt 
FRW were collected from tl,. fie ld and en
closed w ith matu re navel oranges with in
tact ca lyces in insect cages at a ratio of ap
proxima tely three weevils per fru it. After 8 
days, the o ranges were inspected fo r FRW 
egg masses under the ca lyces and six repli
ca tes o f 10 oranges w ith egg masses were 
subjected to postharvest treatments as in 
Tria l 2a . 
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Post treatment handling Table 1. The incidence of FRW egg masses on export navel oranges and the 
After dipping, the fruit were processed in a proportion of egg hatch after cold temperature treatment at l ' C for 16 or 32 
standard citrus processing line with TBZ days or storage at 10' C for 44 or 60 days. 
(1000 ppm) as the in-line fungicide fol-
lowed by "Citruseal"it wax. The fruit were Grower % egg masses hatching in treatment 
cold disinfested in the cool-room at l ' C for number 

Egg masses 
per 20 
fruit 

% fruit 
with 

egg masses 
Cold treatment at 1°C Control 

16 days and then stored in a completely 
randomized design for 32 days at 1O' e. 
After storage, egg masses were removed. 
from the fruit, and incubated at 27' C and 
85% relative humidi ty. The eggs were in
spected for the presence of hatched neonate 
larvae at weekly intervals. 

Trial 3. Effect of temperature and time of 
disinfestation with hot UXlter or fllngicide 
on FRW egg viability. 
Trial 3a. The effect of temperature and 
exposure times on egg masses on 

. fruit. Navel o ranges with FRW egg 
masses laid in vitro, as described in Trial 
2c, were subjected to the following treat
ments: A. Water a t 20' C for 1 minute; B. 
Water at 53' C for 2 minutes; e. Water at 
53' C for 5 minutes; D. Water at 55' C for 1 
minute; E. Water at 55' C fo r 2 minutes; F. 
Water at 55' C for 5 minutes; G. Water at 
57' C for 2 minutes; and H. TBZ (500 ppm) 
at 5S"C for 2 minutes. Ten o ranges were 
subjected to each treatment and the experi
ment was replicated by repeating the ex
periment three times. The fruit were treated 
and stored as previously described. Egg 
masses were removed from the fruit after 
storage, eggs counted and then stored at 
27' C and 85% relative humidity. After 28 
days the proportion of hatched larvae was 
determined (percentage egg hatch). 
Trial3b. Determination of LT9S and LT99 
of water dipping at 55-C Four replicates 
of 10 fruit were dipped in hotwaterat55' C 
for I, 2, 3, 4 or 5 minutes. The egg masses 
were removed from the fruit, the number 
of eggs counted and the per cent hatch de
termined after 28 days incubation. Stand
ard methods of probit analysis were not 
adequate due to significant lack of fi t and 
overdispersion of binomial observation. 
Consequently a logit analysis was under
taken to determine the time of dipping at 
55' C that would kill 95% and 99% of the 
FRW eggs under the calyces of citrus fruit. 
The method of analysis employed a Gener
alized Linear Model with overdispersed bi
nomial error and logit function, fitting time 
as a categorical factor. Estimates of the time 
required to kill 95% or 99% of eggs were 
obtained by linear interpolation of ob
served kill rates on the logi t scale. Standard 
errors and confidence intervals were de
rived from the inverse observed informa
tion matrix using the delta method . 

Trial 4. Effect of hot UXlter dips a ll quality 
of oranges. 
Trial 4a. Effect of dipping for different 
periods at SS' C on quality of orange 
fruit. Five replicates of 10 Washington 
navel oranges were subjected to hot water 

- Storage at 1O' C 

16 days 32 days 44 days 60 days 

1 
2 
3 
4 
5 
6 
7 
8 
9 
JO 
11 
12 
13 
14 
15 

5.2 
5.0 
1.0 
0.0 
5.3 
4.2 
3.4 
2.9 
1.9 
2.3 
5.9 

13.6 
0.1 
1.1 
3.2 

Mean 3.7 
LSD (P=0.05) 13.7 

19.5 
20.8 
7.6 
0.6 

30.0 
24.1 
14.4 
22.8 
7.4 

14.9 
22.7 
41.9 
1.0 

11 .5 
13.0 

16.8 

at 55' C for 1, 2, 3, 4, 5, 8, 10, 12, 15 or 20 
minutes. After treatment fruit were proc
essed using TBZ (100 ppm) as the in-line 
fungicide and cold disinfested for 16 days 
at1 ' C prior to storage for 32 days at1O' e. 
The fruit were processed and stored in a 
completely randomized manner. The inci
denceof Penicillium rot (percentage surface 
area affected) and the proportion of sound 
fruit were recorded. 

Trial 4b. Effect of dipping at SS'C or 
6O' C on quality of orange fruit. A sec
ond trial, consisting of six replicates of 10 
fruit, was subjec ted to the following treat
ments: A. Water at 20°C for 1 minute; B. 
Water at ssoC for 2 minutes; C. 5 minutes; 
or D. 7 minutes; or E. Water at 6O' C for 2 
minutes; F. 5 minutes; or C. 7 minutes. The 
fruit was processed and stored as above. 
After storage the proportion of sound fruit 
and the incidence of mould were recorded . 
lhis trial was repeated (Trial 4c.) 

Allalysis of data. 
The data in the cold treatment trial (Trial 1), 
the hot dipping trial (Trial 3) and the fruit 
quaUty trials (Trial 4a, b and c) were ana
lysed using Analysis of Variance. The data 
from Trial 2a, band ccould not be analysed 
due to the nature of the results. 

Results and discussion. 

The effect of cold treatment all FRW eggs. 
In Trial I, there was no Significant differ
ence (P<0.05) in egg survival in citrus 
stored at1 ' C or 10' C or for 16 or 32 days at 
l ' e. Cold disinfestation for 160r 32 days at 
l ' C had no significant effect on egg sur
vival of FRW (Table 1). Haney et al. (1988) 
found tha t cold disinfestation at1 ' C for 42 
days Significantly reduced FRW egg hatch 

16.0 
16.5 
0.0 
0.0 

16.5 
16.5 
21.0 
22.0 
7.5 

14.0 
12.5 
13.5 
0.0 

10.0 
0.0 

11.1 

17.9 
23.1 
0.0 

43.8 
18.0 
23.8 
18.9 
18.4 
16.9 
21.0 
24.6 
12.0 
0.0 

100.0 
33.0 

24.7 

4.5 
26.0 
0.0 
0.0 

20.0 
15.0 
11.0 
27.5 
0.0 

28.5 
30.0 

6.0 
0.0 
0.0 

38.0 

13.8 

16.0 
32.0 
0.0 

SO.O 
19.0 
24.5 
7.5 

17.5 
33.5 
16.5 
37.0 
20.0 
50.0 
0.0 
0.0 

21.6 

on grapefruit but the reduction was not 
sufficient to provide an acceptable level of 
quarantine control. 

The effect of temperature Qlld e:rposure 
times of dippillg all FR W eggs. 
In Trial2a, all egg masses in a ll treatments 
had neonate larvae present after storage for 
44 days. TBZ or chlorine had no additional 
effect on the mortality of the eggs. It ap
pears that the benefits gained in the control 
o f postharvest rots by heating fungicides 
(Wild 1986) does not extend to the control 
ofFRWeggs . 

In Trial 2b, only treatments 1 and 3 had 
viable eggs present. One hundred percent 
of egg masses in trea tments 1 and 3 had 
neonate larvae present after incubation 
compared to no egg mass having neonate 
larvae hatch in any other treatment. This 
indicates that hot water dipping for a mini
mum of2 minutesata minimum tempera
ture of 5S' C was required to kill 100% of 
eggs in bare egg masses. lhis supports 
work done by Soderstrom and Brandl 
(1986) who found that egg masses laid on 
wax paper were killed by hot water dip
ping at55' C for a minimum of 2 minutes. 

Egg masses under fruit calyces in Tria l 2c 
were less susceptible to high temperature. 
Egg masses removed from fruit in a ll treat
ments gave rise to neonate larvae during 
incubation. In Trial 3a, 5 minutes at 55°C 
was required to provide 100% mortality 
(Figure 1). 

The effect of hot dipping on fruit quality. 
Hot water dipping resulted in damage to 
the rind which led to fungal breakdown, 
predominantly Penicillium spp., to occur 
during storage (Table 2) . Dipping at higher 
temperatures or for an extended period of 
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apprOximately 4 minu tes (confidence inter
val 3.6-4.4) of dipping at 55"C was required 
to kill 99% of FRW eggs under the ca lyces 
of fruit. 

100 

80 

60 

40 

20 

o 

Dipping treatment 
Figure 1. The viability of FRW eggs on oranges (percentage eggs hatched) 
after h ot water and fungicide dipping at a range of temperatures and for a 
range of exposure times in Trial 3a. NB. 20/1 = dipping at 20' C for 1 
minute. 

Table 2. The effect of hot water treatment on the quality of navel oranges 
after cold disinfestation for 16 days at l"C and storage for 32 days at 10' C 
in Trial 4. 

Treatment Time Incidence o f Ro t (% Surface Proportion of sound fruit (%) 
Tempera- (min) a rea o f orange) 
ture ("C) 

Tria1 4a Trial4b Trial 4c Triai 4a Trial4b Trial 4c 

Water 20 1 -' 0 2.7 90.0 78.1 
55 1 29.4 1.3 42 .0 82.5 
55 2 24.2 3.2 1.3 45.5 82.5 83.9 
55 3 21.6 1 1.8 53.2 48.7 
55 4 5 1.0 14.0 27.6 52.5 
55 5 64.0 18.5 3.8 15.9 41.2 78.3 
55 6 62.2 11.0 23.3 58.7 
55 7 77.8 7.4 
55 10 70.8 35.3 
55 12 99.6 0.0 
55 15 52.4 27.2 
55 20 
60 2 8.8 67.4 
60 5 15.8 57.8 
60 7 61.8 13.6 

LSD 18.6 12.8 10.0 21.7 28.0 17.0 

a. Trea tment no t included in T ria l. Level of s ignificance fo r LSD:;; 0.05 

time also prod uced a brown sca ld on the 
fruit rind simila r to cold scald (Tugwell and 
Gillespie 1989). This was d ifficult to quan
ti fy, however, as the scald pred isposed the 
fruit to fungal infection which masked the 
ex tent of the scald . Hot dipping at 60"C 
caused severe damage to the fruit. 

Fruit susceptibility to damage varies 
wi th variety and physiological s tate of the 
fruit. It may be possible to use a cu ring 
treatment to protect the fruit from damage 

during hot dipping. Further tes ts are re
quired to determine the e ffec t of variety or 
time of yea r on the response of the fruit to 
hot dipping at 5S"C. 

In general the incidence of fungal break
down (per cent surface area affec ted) sig
nificantly increased (P<0.05) after 4 min
utes at55°( but was evident to some extent 
after 1 minute a t SST. The proportion of 
sound, blemish free fruit d ecreased after 
3-4 minutes at 55°C. It was estimated that 

Recent Australian and American experi
ence with Japanese citrus exportsconfinns 
FRW as a major quarantine impediment to 
the Japanese market (Haney e/ al . 1987, 
Madge et al. 1992) . There is an immediate 
need for a field control program on FRW to 
minimize the threat to exports of Austral
ian citrus to Japan. The results shown here 
confirm that cold disinfestation at tempera
tures and exposure times sufficient to con
trol fruit fljes would not be sufficient to 
control FRW eggs. Hot water dipping at 
55"C will kill FRW eggs but the duration of 
dipping required to kill the eggs is greater 
for egg masses on fruit than it is for bare 
egg masses. The exposure time to the dip is 
crucia l as extended periods of time at 55"C 
will causedamage to the fruit. Further tests 
are required to mo re accurately determine 
the time of di pping req uired to achieve 99% 
egg mortality with minimal damage to the 
fruit. 
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