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SUMMARY. Efficacy of using radio 
frequency (RF) at 27.12 MHz was 
evaluated as a postharvest quarantine 
treatment against fi fth instars of the 
codling moth [Cydia pomonella (Lepi-
doptera: Tortricidae)], in apples (Ma-
lus sylvestris). Tests under the given 
conditions demonstrated that the 
energy fi elds between the RF unit’s 
electrodes were neither predictable 
nor uniform. Moving fruit submerged 
in water during RF exposure may im-
prove uniformity, but pulp tempera-
tures varied considerably among fruit, 
among sites on the same fruit, and at 
different depths within the same site. 
As a result of these inconsistencies, 
quarantine effi cacy was not obtained 
either using a range of fi nal average 
temperatures from 40 to 68 °C (104.0 
to 154.4 °F) or at holding times up 
to 20 minutes. We concluded it would 
be diffi cult to obtain the appropriate 
parameters for treatment effi cacy and 
fruit quality maintenance using this 
technology under these conditions.

Apples exported to Japan must 
meet quarantine security. The 
codling moth is a pest of concern 

[Ministry of Agriculture, Forestry and 
Fisheries-Japan (MAFF-Japan), 1950]. 
The currently approved procedure is a 
combination of cold storage followed 
by methyl bromide fumigation (Han-
sen et al., 2000; Moffi tt et al., 1988). 
However, because methyl bromide has 
been identifi ed as an agent that depletes 
ozone by the U.S. Environmental Pro-
tection Agency (U.S. Congress, 1990) 
and the Montreal Protocol (United 
Nations Environmental Program, 
1995), its continued use in quaran-
tine treatments is in question. Methyl 
bromide currently has an exemption 
for postharvest quarantine use, but its 
cost is increasing.

Among the alternatives to methyl 
bromide fumigation (irradiation, 
controlled atmosphere, cold, other 
chemicals), heat treatments have gener-
ated the most interest. Yokoyama et al. 
(1991) measured codling moth mortal-
ity in the egg and larval stages exposed 
to 45 to 51 °C (113.0 to 123.8 °F) 
for different durations. Neven (1994) 
examined mortality of fi fth instar cod-
ling moth after heat treatments of 43 
to 45 °C (109.4 to 113.0 °F) followed 
by cold storage for 0 to 5° C (32.0 to 
41.0 °F). Jones and Waddell (1997) 
directly submerged codling moth eggs 
and larvae in 43 to 49 °C (109.4 to 
120.2 °F) water baths for various du-
rations and determined their survival 
rates. Thermal death kinetics of codling 
moth larvae were further evaluated 
by the use of a unique heating block 
system (Tang et al., 2000; Wang et al., 
2002a, 2002b).

An innovative method of heating 
is to use radio frequency (RF) energy, 
which has longer wavelengths than 
microwaves. This is done by dielectric 
heating generated from internal resis-
tance to very rapid alterations of polar-
ity (Headlee and Jobbins, 1936). Three 
radio frequencies have been allocated 
by the U.S. Federal Communications 
Commission for industrial use: 13.56 
± 0.067, 27.12 ± 0.160, and 40.68 
± 0.020 MHz (Wang et al., 2001). 
This technology seems attractive for 
postharvest application in that heating 
is fast and linear with time, energy can 
penetrate deep into the commodity, 
there are no chemical residues, and 
the process has minimal impact on the 
environment (Tang et al., 2000). RF 
treatments show promise in control-

ling stored product pests of walnuts 
(Juglans regia) (Wang et al., 2001, 
2002b). A saline water immersion with 
RF exposure may be more feasible for 
fruit (Ikediala et al., 2002).

Because RF has not been used 
as a postharvest treatment to control 
codling moth in apples, our objectives 
were to determine the temperature 
uniformity in water loads and to exam-
ine the utility of such technology for 
postharvest quarantine control. 

Materials and methods
EXPERIMENTAL UNIT. Experiments 

were conducted using a 12-kW Fastran 
RF heater/dryer with an E-200 control 
panel (Strayfi eld International Ltd., 
Wokingham, U.K.), with the frequency 
set at 27.12 MHz. The interior of the 
unit’s cavity consisted of two 104.775 
cm (41.25 inches) × 79.375 cm (31.25 
inches) electrodes; the bottom one was 
stationary whereas the top one could 
be elevated from 20 cm (7.9 inches) to 
40 cm (15.7 inches) above the bottom 
electrode. The top electrode could 
be tuned by adjusting the inductance 
through the lengths of three intercon-
nected parallel metal plates above it, 
thereby changing slightly the strength 
of the energy fi eld. 

Energy was induced between the 
electrodes by a high-energy RF oscil-
lator (Tang et al., 2000; Wang et al., 
2001). The amount of power coupled 
by the target material (tap water) was 
linearly related to the induced electrical 
current following the equation accord-
ing to the user manual:

w = –1.8 + 7.1 i 

where w is power in kW and i is amper-
age. Because the unit was rated at 12 
kW, maximum electrical current was at 
2 amps. The power applied to the tar-
get material was adjusted by lowering 
or raising the top electrode, changing 
the dimensions of the target, and by 
varying the amount of mass (load) to 
meet the other conditions. Treated 
material was restricted to vegetable 
matter, water, glass, and most plastics. 
Metal would cause arcing between the 
electrodes, and nylon would melt.

UNIFORMITY TESTS. Energy gener-
ated between electrodes might be not 
uniformly distributed. Because unequal 
energy distribution would cause differ-
ential heating on the targeted material, 
thereby preventing the development of 
effective heat treatments, three types of 
tests were conducted to map the energy 
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fi elds in relation to the electrodes. 
In the fi rst test, two plastic racks, 

48 cm long × 48 cm wide  × 10.5 cm 
high (18.9 × 18.9 × 4.13 inches), 
were placed side-by-side. A plastic 
grid 0.84 cm (0.3 inch) thick with 
1.27-cm (0.5 inch) squared spaces 
and 0.1-cm (0.04 inch) ribbing was 
put on top of the racks. Then a high-
density polyethylene foam mat, 91.4 
cm wide × 121.9 cm long × 10.2 cm 
thick (36 × 48 × 4 inches), was placed 
on top of the grid. The mat was divided 
into 24 equal sections, four rows × six 
columns. Before each treatment, the 
foam was saturated with tap water at 
~20 °C (68.0 °F). The duration of each 
treatment was 10 min and generated 
0.4 amps, and these treatments were 
replicated 15 times. After treatment, 
the temperature of each section 5.1 cm 
(2 inches) deep was measured using a 
portable VWR Traceable Digital Ther-
mometer (Control Co., Friendswood, 
Texas) with +/–0.05 °C (0.090 °F) 
accuracy using a 15.2-cm (6 inches) 
probe designed for liquids and listed 
reading rate as four times per second. 
Temperature of the water-saturated 
foam returned to ~20 °C before ad-
ditional treatments.

In the second test, 946-mL (1 qt) 
glass jars, 16.51 cm (6.5 inches) high 
and 8.89 cm (3.5 inches) in diameter, 
were arranged in a 5 × 4 grid evenly 
distributed on the lower electrode. 
Initial water temperature was ~20 °C. 
Treatments were conducted fi ve times 
for 5 min, reaching 2 amp for each run. 
Water temperatures were measured as 
in the previous test.

The third test used 3.8-L (1 gal) 
glass jars, 16 cm (6.3 inches) high and 
14.5 cm (5.71 inches) in diameter, were 
arranged in a 5 × 4 grid similar to the 
second test. Initial water temperature 
was ~20 °C. Each of the three runs 
was for 10 min and obtained 2 amp. 
Water temperatures were measured 
as before.

TREATMENT OF MOVING FRUIT. 
One way to compensate for energy 
nonuniformity is to move the fruit. 
Birla et al. (2004) used a specially 
constructed polypropylene square 
container with water to move fruit 
during RF treatments. We built our 
apple mover using commercial parts. 
The holding tank was a round 94.6-L 
(25 gal) low-density polyethylene tub 
(Konnex Plastics, La Mirada, Calif.), 
33.0 cm (13 inches) high with an up-
per 67.31 cm (26.5 inches) i.d. and a 

61.0 cm (24 inches) lower i.d. Polyvinyl 
chloride piping connected the tub to 
a two-speed, 1.5-horsepower Century 
Lasar Pool/Spa Motor Pump (Aqua-
fl o Inc., Chino, Calif.) located outside 
the unit. The piping consisted of in-
fl ow and out-fl ow lines attached to the 
side of the tub, and a nozzle below 
the surface to direct the water fl ow. 
Apples were submerged using a plastic 
grid made of the same material as the 
grid used with the foam mat, with two 
33.0-cm ceramic square tiles, 0.635 cm 
(0.25 inch) thick, to provide weight. 
The fruit would circulate around the 
tub about six times in a minute. 

Extensive testing was done us-
ing size 100 Washington Extra Fancy 
‘Delicious’ apples, obtained from com-
mercial sources in Washington state, to 
determine the treatment parameters 
needed to heat the fruit to within the 
temperature range considered lethal 
(Wang et al., 2002a) while operat-
ing the unit at a maximum power (2 
amp). The best combination of treat-
ment specifi cations was to use 40 fruit 
removed from 4 °C (39.2 °F) cold 
storage, then placed in ~24 °C (75.2 
°F) tap water with a 10-min exposure. 
Treatments were rejected that were 
interrupted by arcing or had an obvious 
burning smell. After treatment, a fruit 
was selected at random and 24 tem-
perature measurements taken at two 
depths, 1 cm (0.4 inch) and 2 cm (0.8 
inch), along four perpendicular axes 
from the stem to the calyx midpoint 
at the top and bottom and along the 
equator. Thus, there were the same 
numbers of measurements on either 
half of the fruit taken at the same 
depths. Temperatures were measured 
using a portable digital thermometer 
(model HH501DK; Omega Engineer-
ing Inc., Stamford, Conn.) equipped 
with a k-type thermocouple and the 
response time listed as 0.8 s. Tests were 
replicated fi ve times.

EFFICACY TESTS. Codling moth 
larvae were obtained from the colony 
reared at the USDA-ARS-YARL 
facility (Wapato, Wash.), where they 
were maintained on a soy–wheat 
germ–starch artifi cial diet at ~27 °C 
(80.6 °F), 40% to 58% relative hu-
midity (RH), with a 16 h light/8 h 
dark photoperiod (Toba and Howell, 
1991). Previous tests established that 
the fi fth instar codling moth is the larval 
stage most tolerant to heat (Wang et 
al., 2002a). Therefore, late fourth to 
early fi fth instars were removed from 

artifi cial diet and four larvae were di-
rectly placed at the stem end of each 
apple, as was done for previous tests ap-
proved by MAFF-Japan (Hansen et al., 
2000). Late fi fth instars were excluded 
because they would form cocoons for 
pupation instead of feeding. Infested 
apples were held overnight (12–18 
h) at ~24 °C, 60% to 70% RH, with 
a 16 h light/8 h dark photoperiod, 
then treated as previously described, 
varying only the exposure time. Forty 
apples were divided into four groups 
consisting of nine infested fruit plus an 
uninfested fruit used for temperature 
monitoring. To reduce the effects of 
unequal heating, the groups of fruit 
were held in the tub after RF exposure; 
the fi rst group was removed 5 min after 
treatment with the remaining removed 
sequentially, also after 5-min periods, 
with 20 min as the longest holding 
time. With each group removal, pulp 
temperatures of the monitor apple were 
taken at the same 24 sites as before. 
After hydrocooling in a cold water [10 
°C (50.0 °F)] bath to reach ambient 
temperature, the infested fruit were 
held overnight at ~24 °C. Treated fruit 
were evaluated the next day by dissect-
ing the fruit and recording the number 
of live and dead larvae. Unresponsive 
larvae were considered dead.

DATA ANALYSIS. Means and stan-
dard deviations were calculated using 
Quattro Pro version 7 spreadsheet 
software (Corel Corp. Ltd., Orem, 
Utah). Data were analyzed using SAS 
(SAS Institute, Cary, N.C.); PROC 
MEANS was used for univariate statis-
tics, and nonparametric tests were used 
to determine signifi cant differences by 
fi rst arranging data by PROC RANK, 
then performing PROC GLM. This 
approach is equivalent to a Wilcoxon 
rank sum test for two samples and 
the Kruskal-Wallis k-sample test for 
more than two samples (Zolman, 
1993). TableCurve 2D version 5.01 
(SYSTAT Software Inc., Richmond, 
Calif.) was used to screen more than 
8100 mathematical models to describe 
the relationship of fruit temperature at 
the two pulp depths and the decline of 
fruit temperature over time. 

Results
UNIFORMITY TESTS. In the foam 

test, the rear left areas tended to be 
warmer than the front right portion 
(Table 1). Highest temperature was 
63.5 °C (146.30 °F) at the left rear 
corner whereas the coldest was 21.5 
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°C (70.70 °F) in the middle 
toward the rear. Largest 
range of temperatures 
(the difference between 
the hottest and coldest) 
was 40.3 °C (72.54 °F) at 
the left rear corner, which 
had the highest average 
temperature of 42.2 °C 
(107.96 °F). Smallest range 
of temperatures was 16.6 
°C (29.88°F) at the right 
front corner, which had the 
lowest average temperature 
of 33.1 °C (91.58 °F).

Temperature pattern differed with 
the water jars. In the smaller glass jar 
tests, the warmest temperatures tended 
to be on the right side whereas the cold-
est temperatures were in the middle 
(Table 2). The highest temperature was 
61.9 °C (143.42 °F) at the right rear 
corner whereas the coldest was 43.2 °C 
(109.76 °F) in the middle toward the 
front. Largest range of temperatures 
was 10.4 °C (18.72 °C) in the fi rst two 
rows towards the middle whereas the 
smallest range was 2.1 °C (3.78 °F) 
in the middle toward the rear. High-
est average temperature was 57.9 °C 
(136.22 °F) at the right rear corner 
and lowest average temperature was 
49.6 °C (121.28 °F) in the middle 
toward the front.

Similar observations were made 
with the 1-gal glass jars (Table 3). 
Highest temperature was 47.8 °C 
(118.04 °F) next to the right rear 
corner whereas the coldest was 31.5 
°C (88.70 °F) in the front toward the 
right, which also had the largest range 
of temperatures at 11.5 °C (20.70 
°F). Smallest range was 1.8 °C (3.24 
°F) in the middle toward the left rear. 
Highest average temperature was 45.6 
°C (114.08 °F) at the right rear corner 
and the lowest average temperature 
was 35.8 °C (96.44 °F) in the middle 
toward the front. 

MOVING FRUIT. Temperatures of 
the moving fruit (Fig. 1) were signifi -
cantly different among the replicates 
(F = 38.77; df = 4, 115; P < 0.01). 
The third replicate was the coldest, 
with the average temperature among 
the measured sites at 45.2 °C (113.36 
°F) and the hottest at 63.8 °C (146.84 
°F). The range between the coldest 
and the hottest temperatures was 27.2 
°C (48.96 °F). In all replicates, the 
1-cm temperatures were lower than 
the deeper measurements. Standard 
deviations per test ranged from 1.9 

Table 1. The mean ± SD of temperatures (°C)z measured horizontally from 24 sites on a water-
saturated foam pad exposed for 10 min in a 27.12 MHz radio frequency unit at 0.4 amps; 
n = 15. Row 1 at the front and row 4 at the back of the unit; column A on the far left and 
column F on the far right.

 Back

Column A B C D E F

Row 4 42.2 ± 12.3 40.4 ± 10.1 35.1 ± 9.7 39.2 ± 9.7 38.8 ± 8.4 36.6 ± 7.2
 3 42.1 ± 7.8 40.4 ± 9.8 36.6 ± 8.7 40.7 ± 9.9 39.2 ± 8.1 38.4 ± 7.4
 2 41.6 ± 9.1 38.8 ± 9.9 35.5 ± 7.6 35.3 ± 6.8 38.6 ± 8.7 36.5 ± 7.9
 1 38.3 ± 8.0 33.9 ± 6.8 36.3 ± 9.1 34.4 ± 8.9 35.4 ± 8.1 33.1 ± 5.2

 Front
z°F = 1.8 (°C) + 32°.

Table 2. The mean ± SD of water temperatures (°C)z measured horizontally from 
twenty 946-mL (1 qt) glass jars exposed for 5 min in a 27.12 MHz radio fre-
quency unit at 2.0 amps; n = 5. Row 1 at the front and row 4 at the back of the 
unit; column A on the far left and column E on the far right.

 Back
Column A B C D E

Row 4 50.7 ± 1.2 50.7 ± 2.4 53.2 ± 3.7 55.0 ± 2.1 57.9 ± 3.1
 3 52.0 ± 1.7 53.0 ± 1.2 47.9 ± 2.4 53.9 ± 0.7 56.1 ± 3.4
 2 50.0 ± 2.1 50.7 ± 3.1 49.6 ± 3.9 54.1 ± 3.0 56.2 ± 3.9
 1 50.5 ± 1.9 51.8 ± 3.6 52.2 ± 2.4 53.7 ± 2.3 56.8 ± 3.8

 Front
z°F = 1.8 (°C) + 32°

Table 3. The mean (± SD) of water temperatures (°C)z measured horizontally 
from twenty 3.8-L (1 gal) glass jars exposed for 10 min in a 27.12 MHz radio 
frequency unit at 2.0 amps; n = 3. Row 1 at the front and row 4 at the back of 
the unit; column A on the far left and column E on the far right.

 Back
Column A B C D E

Row 4 41.5 ± 2.0 39.0 ± 0.8 40.7 ± 1.9 44.4 ± 0.8 45.6 ± 2.2
 3 40.4 ± 1.3 40.4 ± 0.8 35.8 ± 1.1 38.4 ± 1.6 44.7 ± 3.6
 2 39.3 ± 1.2 37.5 ± 2.9 35.8 ± 1.3 37.7 ± 1.8 42.4 ± 1.6
 1 39.4 ± 1.3 38.5 ± 2.5 37.7 ± 2.1 37.6 ± 4.7 43.5 ± 2.2

 Front
z°F = 1.8 (°C) + 32°.

Fig. 1. The mean (fi lled circle), 
standard deviation (inside bar), 
and range (outside bar) of pulp 
temperatures taken at depths of 1 
and 2 cm (0.4 and 0.8 inch) from 
24 evenly distributed sites on each 
monitored apple of fi ve replicates 
treated while circulating in a water 
bath for 10 min while exposed to 
2 amp in the 27.12 MHz radio 
frequency unit. °F = 1.8 (°C) + 32°.
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to 3.4 °C (3.42 to 6.12 °F) for 1 cm 
and from 1.6 to 2.2 °C (2.88 to 3.96 
°F) for 2 cm. Average ± SD tempera-
tures at the 1-cm depth for all tests 
were lower, 54.0 ± 5.7 °C (129.20 
± 10.26 °F), than at the 2 cm depth, 
60.2 ± 7.7 °C (140.36 ± 13.86 °F). 
Average  ± SD difference between both 
depths for all measurements was 6.2 
± 3.4 °C (11.16 ± 6.12 °F). Greatest 
temperature difference between the 
two depths measured at the same site 
was 12.7 °C (22.86 °F) from the fi rst 
replicate for the deeper depth having 
the greater value and 0.7 °C (1.26 
°F) from the fourth replicate for the 
upper depth having the greater value. 
Linear relationship between the two 
depths for all measurements was T1cm 
= 0.682 T2cm + 13.0 °C (r2 = 0.828). 
The results suggested that there was a 
temperature reduction from the fruit 
center to the surface because of less 
energy absorption in tap water than 
in the fruit. Neither the longitudinal 
axes nor the latitudinal ring consistently 
showed uniquely hot areas for either 
depth among any of the replicates 
under the given conditions. 

EFFICACY TESTS. Temperature 
conditions of the fruit changed with 
time. Average ± SD fruit temperature at 
2 cm decreased with holding time for 
5 min: 58.0 ± 9.0 °C (136.40 ± 16.20 
°F), 10 min: 51.8 ± 7.0 °C (125.24 
± 12.60 °F), 15 min: 48.5 ± 4.9 °C 
(119.30 ± 8.82 °F), and 20 min: 48.3 
± 4.6 °C(118.94 ± 8.28 °F). The equa-
tion that best (r2 = 0.281) described 
this decline in temperature was:

y = a + be(–x/c)

where a = 47.4 °C (117.37 °F), b = 
27.6 °C (49.60 °F), c = 5.25, x is time 
in minutes, and y is average temperature 
at 2-cm depth for time x.

Effi cacy of the treatment increased 
with fi nal fruit temperature at 2 cm 
and with holding time (Fig. 2). Total 
mortality of the treated larval popula-
tion was obtained at 50 °C (122.0 °F) 
for 20 min, 57 °C (134.6 °F) for 10 
min, and 67 °C (152.6 °F) for 5 min. 
However, survivors were observed 
after 20 min at 54 °C (129.2 °F). No 
distinct dose-response pattern was 
observed for either temperature or 
holding time.

Discussion
UNIFORMITY TESTS. Both the 

tests with the foam and the glass jars 
indicated the energy fi elds were neither 

uniform, constant in strength, nor 
consistent in location under the given 
conditions. A particular tendency was 
observed after many replicates, where 
the back row tended to be warmer, 
but could not be reproduced with 
reliability. Thus, it was diffi cult to 
correct for the lack of uniformity by 
adjusting or compensating the system. 
The range of variability in tempera-
tures, even within short distances, was 
problematic.

Submerging the fruit and cir-
culating them in the water may have 
reduced the effects of nonuniformity. 
Ikediala et al. (2002) recommended 
full immersion of fruit to improve 
temperature distribution. Birla et al. 
(2004) constructed a fruit mover for 
seven apples that reduced the standard 
deviation of stationary fruit of 9.6 °C 
(17.28 °F) to 3.1 °C (5.58 °F) when 
fruit were rotated. However, unequal 
heating was prevalent throughout 
our tests, and fruit temperatures 
could not be duplicated following the 
same procedures. Deeper depths had 
consistently higher and less variable 
temperatures than shallower depths 
because of the low conductivity of the 
water and because of the center focus-
ing effect of the near-spherical shape of 
the apples (Ikediala et al., 1999). This 
is advantageous because codling moth 
larvae feed in the interior of the fruit 
and because the heat-sensitive fruit 
surface has less thermal exposure than 

the conventional conduction methods 
of hot water, vapor heat, and forced 
hot air. Furthermore, the rate of heat-
ing was more consistent at the deeper 
depths. Yet, differences in temperature 
measurements at 1 cm in depth at the 
same site on the fruit were consider-
able, as much as 12.7 °C (22.86 °F), 
which has undesirable implications for 
both fruit quality and insect control. 
Temperature variations along the lon-
gitudinal axes and the latitudinal rings 
were random except for certain bruised 
areas that seemed more susceptible to 
heating and were often much warmer 
than adjoining healthy tissue.

For RF to work as a postharvest 
treatment, uniformity in the energy 
fi elds is essential (Ikediala et al., 1999). 
When fruit are heated unequally, their 
heating rates are also affected (Wang 
et al., 2003); warmer items may heat 
up faster, thus increasing the difference 
among temperatures. Obviously, this 
nonuniformity would preclude the 
commercial application for quarantine 
effi cacy. Because apples are sensitive to 
heat (Neven and Drake, 2000; Neven 
et al., 2000), a reliable RF quarantine 
treatment would require a narrow 
range of temperatures with uniform 
heating at all sites, perhaps no more 
than 1 °C (1.8 °F) in variation. Com-
modities with a wider range of thermal 
tolerances would be better candidates 
than apples for future RF postharvest 
treatments.

Fig. 2. Percent survival of codling moth larvae infesting nine apples (initial infes-
tation rate of four larvae/fruit) after reaching a mean pulp temperature at 2 cm 
(0.8 inch) depth and held for the specifi ed times. °F = 1.8 (°C) + 32°.
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EFFICACY. To determine the ef-
fi cacy of a treatment, it was necessary 
to use the average temperature at 2 
cm to represent the temperature con-
ditions in the fruit. This assumption 
ignored that temperatures were cooler 
near the fruit surface and that larvae 
could move within the fruit to more 
suitable locations. Regardless, appro-
priate effi cacy was not obtained except 
at temperatures known to cause fruit 
damage (Neven et al., 1996, 2000). 
Holding the fruit in the RF-heated 
water seemed to increase effi cacy, but 
the time was insuffi cient for quarantine 
security. Moving the fruit into a warm 
bath at 50 °C for a short period of 
time may increase the insect mortality. 
Longer holding periods would negate 
the advantage of the rapid heating by 
RF. Neven et al. (1996) reported that 
more than 100 min at 48 °C (118.4 
°F) vapor heat was needed to kill 99% 
of a population of fi fth instar codling 
moth. However, retaining the fruit in 
the water bath would subject them to 
the same anaerobic conditions as the 
controlled-atmosphere thermal treat-
ments (Neven and Mitcham, 1996) and 
would exploit the same advantages.

RF shows promise as a postharvest 
treatment because of its quickness, pen-
etrating ability, and lack of undesirable 
residues. Its application to apples is 
problematic under the given conditions 
because: 1) heating is nonuniform; and 
2) the length of thermal exposure re-
quired for quarantine security reduces 
fruit quality. If improvements can be 
developed to resolve these problems, 
it may become an effective replace-
ment for methyl bromide. Because of 
its rapid rate of heating, RF may be 
better used in combination with other 
treatments.
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