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Abstract

The commercial use of phytosanitary irradiation (P1) is growing steadily. Most of the doses in use are generic for groups of organisms, most often a
400 Gy dose for all insect taxa except lepidopteran pupae and adults. When applied on a commercial scale, a minimum required dose of 400 Gy may
result in a maximum dose applied to pallet loads of fresh produce that approaches 1 kGy, which may cause some commodity damage. A lower dose
that still achieves an acceptable level of risk could reduce the cost of treatment and the potential for commodity injury. Examination of the literature
on insect irradiation for information relevant to a lower generic dose for the Insecta except pupae and adults of lepidopteran species revealed that
in all cases, except possibly one, 300 Gy would suffice with a comfortable margin of error. The one possible exception is the depressed flour beetle,
Palorus subdepressus (Wollaston) (Coleoptera: Tenebrionidae), and this is based on 1 study in which 300 Gy reduced the production of adults by 94%
when either male or female parents were irradiated, but the study did not investigate production of F, stages when both parents were irradiated.
Generic doses of 250 and 200 Gy, respectively, might also suffice for species of diaspidid scale insects (Hemiptera: Coccoidea) and agromyzid leaf
miners (Diptera: Opomyzoidea: Agromyzoinea).
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Resumen

El uso comercial de la irradiacidn fitosanitaria esta creciendo constantemente. La mayoria de las dosis son genéricas para grupos de organismos, mas
a menudo una dosis de Gy 400 para todos los insectos menos para las pupas y adultos de Lepidoptera. Cuando se aplica en una escala comercial, una
dosis minima requerida de 400 Gy puede resultar en una dosis maxima aplicada a cargas de productos frescos en plataformas que se aproxima a 1
kGy, lo que puede dar lugar a un cierto dafio de los productos. Una dosis mas baja que todavia alcanza un nivel aceptable de riesgo podria reducir el
costo del tratamiento y la posibilidad de dafio de los productos. Se examind la literatura de irradiacion de insectos para obtener informacién perti-
nente a una dosis genérico menor para la clase Insecta excepto para las pupas y adultos de Lepidoptera, y se encontré que en todos los casos, menos
en uno, 300 Gy seria suficiente con un cémodo margen de error. La Unica excepcion es el escarabajo de la harina, Palorus subdepressus (Wollaston)
(Coleoptera: Tenebrionidae), y esto se basa en un estudio realizado hace > 40 afios que parece proveer una dosis excesiva para lograr la seguridad de
cuarentena. Los dosis genéricas de 250 y 200 Gy, respectivamente, también podrian ser suficientes para los insectos escama diaspididos (Hemiptera:

Coccoidea) y minadores de hojas agromyzidos (Diptera: Opomyzoidea).

Palabras Clave: fitosanidad; tratamiento de cuarentena; tratamiento fitosanitario; cochinillas

The use of phytosanitary irradiation (Pl) is growing modestly but
steadily. Most of the doses used commercially are generic for groups
of organisms, most often being 400 Gy for all insect species except for
the pupae and adults of lepidopteran species—as is accepted by the
United States of America (USA). Because there is confusion and inaccu-
rate understanding of the origin, structure, and use of generic Pl doses
in the literature, it is useful for the reader to refer to Hallman (2012)
where the history, use, and acknowledgment of generic PI treatments
are carefully documented and cited.

The studies done by participants of the Coordinated Research Proj-
ect reported in this special issue together with other studies done dur-
ing the past several years justify revisiting the generic doses and the
examination of data pertaining to new doses that might be considered
by plant protection organizations that accept fresh commodities irra-
diated for phytosanitary purposes. Articles elsewhere in this special

issue support generic doses for mealybugs (Pseudococcidae) and “true
weevils” (Curculionidae). This study examined the Pl literature with the
objective of suggesting a dose that could be used against all insects—
except pupae and adults of lepidopteran species—that is lower than
the currently used 400 Gy.

CURRENT BROADLY APPLICABLE GENERIC IRRADIATION DOSES

The generic dose of 400 Gy accepted by the USA excludes lepi-
dopteran pupae and adults and mites because 3 literature reviews
(Bakri et al. 2005, Hallman 2000, 2001) cited by APHIS (2005) indicate
that these groups might not be fully controlled by that dose. The ge-
neric dose was set at 400 Gy mainly because the most tolerant insect
species—other than the lepidopteran pupae and adults discussed in
those reviews—was the tenebrionid stored product beetle Palorus
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subdepressus (Wollaston), which was reported to require a dose of
> 300 Gy to prevent the production of adult progeny when either
the male or the female adult parent was irradiated and crossed with
a non-irradiated parent (Brower 1973). Thus when either the male
or the female parents were irradiated with 300 Gy the production
of F, adults was reduced by 94.4%, while at the next highest dose,
400 Gy, no F, adults developed. Also the longevity of adults irradi-
ated at 300 Gy was reduced by > 92% compared with non-irradiated
adults. However it should be noted that Brower (1973) did not de-
termine the dose required to induce complete sterility when both
males and females were irradiated, as would be the case with phy-
tosanitary treatments. Nevertheless, even though P. subdepressus is
not a quarantine pest the fact that ~400 Gy was required to prevent
its reproduction implies that other insect species that may be quar-
antine pests and that have not been tested for radiosensitivity might
also require ~400 Gy.

Nevertheless, if not for this 1 study with P. subdepressus, it is
likely that the generic dose would have been set at 300 Gy because
the 3 reviews above reported that all other insect species required
< 300 Gy for quarantine security (APHIS 2005). Moreover, it seems
possible that < 400 Gy would prevent reproduction of P. subdepres-
sus, and the literature reports doses that seem doubtfully high for
controlling certain other insect species. For example, Cogburn et al.
(1966) found that > 1 kGy was required to prevent reproduction of
adult Plodia interpunctella (Hibner) (Lepidoptera: Pyralidae), while
Hallman & Phillips (2008) found that < 400 Gy sufficed. There are a
number of factors including inadequate dosimetry, cross contamina-
tion, and post-irradiation re-infestation that can result in the report-
ing of doses for efficacy that are higher than are actually necessary
(Hallman & Loaharanu 2002; Hallman & Phillips 2008; Hallman et al.
20133, b).

New Zealand has approved a generic dose of 400 Gy for all insect
taxa—except lepidopteran adults and pupae and various species that
vector diseases of man and other vertebrates—but only on mango
(Mangifera indica L.; Sapindales: Anacardiaceae), lychee (Litchi sinen-
sis Sonn.; Sapindales: Sapindaceae), tomato Solanum lycopersicum L.;
Solanales: Solanaceae), and capsicum (Capsicum spp.; Solanales: So-
lanaceae). Unlike the generic 400 Gy dose approved in the USA for all
insect taxa except the Lepidoptera, the New Zealand generic dose also
includes mites of the family Tetranychidae, and a generic dose of 500
Gy is approved in New Zealand for all other mite taxa.

A generic dose of 250 Gy is established for actionable regulated
quarantine pests of lychee and mango including a wide variety of in-
sect species from the Orders Coleoptera, Diptera, Hemiptera, Lepidop-
tera, and Thysanoptera. Specific phytosanitary irradiation research
has been conducted on representative species, but not on the great
majority of species belonging to these orders, which supports the
contention that the generic dose of 400 Gy for insects—other than
lepidopteran pupae and adults—may be excessive. A generic dose of
300 Gy for Australian mangoes exported to Malaysia covers many of
the same regulated pests for New Zealand including the mango seed
weevil, Sternochetus mangiferae (F.) (Coleoptera: Curculionidae). The
reason that the dose is 300 Gy—which is the dose for this weevil set
by APHIS (2002)—for Malaysia instead of 250 Gy is primarily because
S. mangiferae has the potential to become established as a major pest
of commercial mango orchards in Malaysia, while New Zealand is not
commercial mango territory. Hallman (2012) discusses why the dose
to disinfest mangoes of S. mangiferae was set at 300 Gy and not a
lower dose that would probably suffice. Essentially, the research done
with S. mangiferae did not identify the lowest possible dose to prevent
reproduction or suffered from uncertainties due to poor performance
in the non-irradiated controls.
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RATIONALE FOR LOWERING THE CURRENT 400 GY GENERIC DOSE

Hallman (2012) indicated that for arthropod pest groups of quar-
antine significance—except for mites and lepidopteran pupae and
adults—a dose of 250 Gy would probably suffice. However, because of
lack of information, especially lack of large-scale confirmatory data, it
might be risky to support a dose of 250 Gy for these groups until ap-
propriate data have become available. A dose of 300 Gy for all insect
species— other than lepidopteran pupae and adults—might be more
acceptable and would be a significant improvement over the 400 Gy
dose, resulting in less potential risk of damage to fresh commodities,
possible savings in time and cost of treatment, and the reduced pos-
sibility of exceeding current regulatory limits on the dose that may be
applied to certain products. This proposal is justified in the following
paragraphs.

Besides the reviews mentioned above (Bakri et al. 2005; Hallman
2000, 2001; Hallman et al. 2013a) that support a dose of 300 Gy for
insect species—other than lepidopteran pupae and adults—other re-
ports support this dose, including all articles in this special issue. Hall-
man (1998) cited literature reports on 24 insect species belonging to
the Coleoptera and Hemiptera that are prevented from reproducing
when irradiated with < 300 Gy—except the aforementioned P. subde-
pressus, a coleopteran species.

The present review concentrates on the literature since Bakri et al.
(2005) and APHIS (2005) that is not covered in other reviews. All citable
information indicating a dose that completely prevented reproduction
of an insect is included.

Bakri et al. (2005) do not report specific studies but summarized
results as mean + 95% confidence level by family in 55 families of 7 in-
sect orders. Hallman (2000, 2001), and Hallman et al. (2013a) included
only studies that satisfy certain criteria directly relevant to Pl efficacy.
A basic criterion of an acceptable Pl treatment for most insect spe-
cies is that the results of trials must adequately support a dose that
completely prevents reproduction—which may be variously defined—
when adults are irradiated; while for the irradiation of late larvae of
species belonging either to the Tephritidae or to the Lepidoptera it
must prevent adult emergence.

Hallman (2013a) reviewed the literature of radiation doses required
to prevent reproduction of stored product pest species, which are al-
most exclusively not quarantine pests but are included as examples
for their groups. According to this body of literature, the only insect
species—besides lepidopteran species, which are excluded because
the Pl dose must prevent reproduction—that may not be controlled by
300 Gy is the aforementioned P. subdepressus. However the definitive
research on this matter has not been conducted with the latter species.

RECENT LITERATURE RELEVANT TO A 300 GY GENERIC DOSE
FOR INSECTA

Table 1 lists additional insect species that have not been summa-
rized in previous reviews of Pl doses. Measurements of efficacy in Table
1 as well as in previous reviews of Pl treatment doses are variously de-
fined. It is important to have a clearly defined measurement of efficacy
for phytosanitary treatments so that regulatory organizations know
the location of the threshold between treatment success and failure.
For example, the measure of efficacy for Pl of tephritids is prevention
of adult emergence. Therefore, puparia found upon inspection are ac-
ceptable, but if an emerged adult tephritid is found in an irradiated
load it should not be accepted. Although it is not possible to prevent
some development of the F,generation when adults or late pupae are
irradiated, significant development within the F, generation should not
occur. For example, some treatments allow for F, adult development
(Follett 2006b), which may risk the possible establishment of an in-



2016 — Florida Entomologist — Volume 99, Special Issue 2

208

‘palp 9ABY ||B [3UN PRAIRSUO 3q P|NOYS
swisiueSio pajelpedd) ‘@40j24ay) (910 Uew|eH) s|ieus ul paiodal usaq sey se—anddo 03 Alpundaj Jo Ayljuua) Jo Aanodal 1oy a|qissod Aj|edraloayl si 3| "PaIRUIWID) 949M AJBILYS UO SUOLBAISSCO UBYM PaIp 10U pey $109sul palelpe.ll 1SOIAl,
‘pa1ou asaym 1dadxa pajelpedt synpe Supnpoidal AjpAndy,

CT0T '[e 13 edi=1ed(e) ST oL aednd’y p1032UNdOIND DIUUDWSDAN 2epIdjwIo4
£00T yan3iue] ' 1a||04 6 06 aense| 4 p|pydasnbaw ajopiayd aepIojwIo4
€10¢ '|e 12 ulino) 4 06 aenle|’4 a/iwny pwayiidaury QaepIojwIo4
VY3LdONINAH
9T0T edey) g uewjjey 002'T 0sT 883 "4 Jo yorey 14310 putioydoiqg 9EplIAI
q900¢ 13||o4 yev'se 0SsT synpe ‘4 piaein puobpiuad sidspapninbpnasd
g9T0T | 39 A0YUIMNIIN UBA LLB'TE 60¢ SieISUl IST *4 apIupID| DIS3|I2GILH
B9T0C '[B 12 ueyy T0TTS ee SIeIsulIST '4 1030n4353p Y
€900¢ 19|04 LT 00¢ siejsul puz 4 1032n.4353p snjolpidsy
gq9T0T '|e 19 ueyy TOTCE e siesulist 4 13upInD pjjaIpIuCY aepipidselq
B9T(QT ‘| 19 9A0YUIMNBIN UBA S79°se 80T pailelpel; a1am aednd aie|] uaym s88a *4 jo yoley wnJolipiodpa sapoinajolil
0T0Z '[e 32 UOOA 0v-0€ oL s88a '4 jo yoiey 12bgp} pISIWAg aepipoJAaly
0T0Z '[e 32 UOOA 0v-0€ oL s88a '4 jo yoey anaisiad snzAp aepipiydy
VY3L1dINIH
¥T0C ‘|e 12 \aj|od 980°€E 74 elednd aje| se pajeipeudi syualed jo 4 Ag pooyynpe o3 Juswdojanap 11ynzns ojiydosoiq aepljiydosouqg
910 '|e 33 PwipieAzQ 082°0T 991 eliednd aje| se pajelpedsi syualded Jo'4 Aq Suiuiw jea) njofiia -1
T10T ‘|e 12 uewjjey TLT'S lavé elsednd ae| se pajelpedsi syualded Jo'4 Aq Suiuiw jea) 1104141 pzAwouI]
9T0¢ ‘|e 32 PwipleAzQ €85°0T VLT elednd a1e| se pajelpeus syualed o4 Ag Suluiw jes| pARDS DzAWOLIT
9T0¢ ‘|e 12 PwipseAzQ 6TY0T S/T elednd a1e| se pajelpesi syualed o4 Ag Suluiw jes| sisuaiqopiny pzAwori] sepizAwoudy
vd3ldia
800 '|e 19 lowexeN 0s 09 s88a '4 Jo yorey DpIPUDI DIWOS|O 9epIW030s|
V104IN3T10D
ERIEIETEN] pajelpe.Jt Jaquinu (A9) j043u00 40 uonuanaud ‘Axeay)a Jo (UOIIBIID) BuNSeN sa10ads pue snuan Ajlwey
|elol %00T Ul pajnsaJ Y¥3ado

18Y3 9SOp 1S9MOT]

"(9702) "2 32 4ASwyoH pue (e€TOZ) "|e 30 uew|eH ‘(B9TOT ‘000T ‘866T) Uewl|eH ‘(T0Z) uosuyor R a8eyuaand (S00¢) ‘|e 32 1xeg Aq smalnal ay3 ul papnjaul

j0u syodad Jo Asewwns e s| siy] ‘sanipowwod paddiys ul yuasaid aq pjnom jeys saldads |1e3dulids pue 309sul Jo sa8e3s Juela|0l0lped 3Isow 3y} J0) Ajundas AsejiuesolAyd apinoad 3ySiw 1eyy sasop uonelpey ‘T djqeL



Hallman: Generic phytosanitary irradiation dose for the Insecta except pupal and adult Lepidoptera

vasive species. A reasonably safe, conservative criterion of efficacy is
prevention of the F, second instar; this criterion allows the hatching of
F,eggs, but it does not allow any further F, development.

The pseudococcid (Hofmeyr et al. 2016) and curculionid (Hallman
2016a) articles in this special issue support a 300 Gy generic dose for
the Insecta—except pupae and adults of lepidopteran species—be-
cause the recommended doses for each are 250 and 150 Gy, respec-
tively. Further support for a 300 Gy generic dose is provided by Hall-
man et al (2013a) who recommended a generic dose of 250 Gy for eggs
and larvae of lepidopteran species.

In summary, there is now a considerable body of literature sup-
porting a generic Pl dose of 300 Gy for the Insecta—except pupae and
adults of lepidopteran species—which still leaves a margin of security
because in all cases observed (except possibly of P. subdepressus) <
250 Gy suffices. A dose of 300 Gy was suggested as long ago as 1986,
although that initial recommendation also included pupae and adults
of lepidopteran species (Hallman 2012). Several studies indicate that >
300 Gy is required for pupae and adults of some lepidopteran species
(Hallman et al. 2013b).

OTHER POSSIBLE GENERIC DOSES EVIDENT FROM THIS STUDY

The armored scale insects of the family Diaspididae (Hemiptera) in-
clude a number of species of quarantine importance. Four large-scale
tests have been done with 4 species (Table 1), all of which point to a
generic dose of ~250 Gy for that important family. Adoption of this ge-
neric dose would be useful because there are multiple examples of com-
modities that require treatments against tephritid fruit flies, mealybugs,
and scale insects (Hallman 2011), and a generic dose of 150 Gy already
exists for tephritids and 250 Gy is proposed for mealybugs (Hofmeyr et
al. 2016). If a dose of 250 Gy were accepted for scale insects and mealy-
bugs many commodities could be irradiated with a minimum absorbed
dose of 250 Gy instead of the 400 Gy currently used.

A dose as low as 200 Gy might suffice for agromyzid leaf miners
(Table 1); agromyzids may be found in cut flowers and leafy vegeta-
bles. However, other quarantine pests such as thrips and mites are
often also found in these commodities, meaning that commodities so
infested would need to be treated with the highest dose required of
the most radiotolerant quarantine pest species present. Nevertheless,
a generic dose for any group supported by adequate research would
be worthwhile. In any case, researchers are advised to focus on the
development of generic doses that stand a good chance of being com-
mercially applied.
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