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Absmracr

Spinosac s 2 bacterial fermenranon product that has iow mammaiian
toxicity. 1T exmibits poth stomach and conract acuvitlies against
insects. Spinosad is commercially registered on 250 crops in over 24
countmes. It s not registerec ot use on stored grains. Laboratory and
fleic tests on: wheat anc corm have snown that this product 1s efective
against the lesser grain borer, Tice weevil, flat gramn beetle, rusty grain
pestie. confusec flour beetie anc iarvae of the Indian meai morth at
> mg'kg. On storec grain, adults of the rec flour beeile anc saw-
toothec grain bestle are 1ess suscepiibie to spinosac than other
species. in farm bins. spinosad or. wheat at 0.1-6 mgrkg was stable
for one vear. This was contirmed bv residue date and bioassavs
against the lesser grain borer and red flour beetie. The wend in species
SuSCepIbILTY was COnSISTent Among grait tvpes (Corn and wheat), but
vanec among whear classes. On concrete, steel. floor die anc¢ waxed
floor tle surfaces, spmosac provided >98% mortaiiry of adults of
eigh storec-product beetles exposed for 24 h to deposits of (.05 and
(.. mg:em™. Actvity against a vanery of stored-product insscts,
persistence in farm-stored grain. and low mammallan 10xicity make
spincsac a viabie alternarive 1o currently registered organophosphate
grain prolectants, such as malathion, chiorpvrifos-metivi and pirim-
iphos-methvi.
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Introduction

The organophosphates, malathion, chiorpyrifos-methy]
(Reldan®) and pirimiphos-methvl (Actellic®), are currently
registered by the United States Environmental Protection
Agency (USEPA) for reating stored wheart and corn, respec-
tvelv. 0 manage Insects. However, under the 1996 Food
Quaiity Protecuion Act (Anonvmous, 1997), which set
tougher siandards for reviewing registered pesticides, the
farure of these organophosphate grain protectants remains
uncertain. In addition, resistence in Kev siored-product
mnsects has limited the effectiveness of these three protect-
ants (Zetler and Cuperus, 1990; Subramanvem and
Hagstum. 199%). Therefore, alternative pesucides or pest
management swategies are urgently needed to replace
currentlv registered organopnhosphates.
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Spinosad, the fermentation product of the bactenum
Saccharopolvspora spinosa Meriz and Yac ‘Meriz anc Yac,
2990). 15 2 commerciai insecucide reportec 1o be effective
against insect pests in the orders Lepidoptera, Diptera anc
Thysanoptera, anc some species of Coleoptera and Orthop-
tera (Sparks et al.. 1995: Clovd and Sadof. 2000; Peck and
McQuate, 2000; Thompson et al., 2000). Spinosad affects
me insect mervous svsiem at the nicolinic acervicholine
receptor and GABA receptor sites (Saigado, 1997, 1998, It
has low mammalian toxicity (Thompson et al.. 2000) anc
degrades quickly or exposure to suniight {UV light
(Brunner and Doerz. 1996: Saunders anc Bret. 1997; Liu et
al., 1999). Ir is labelled for use on over 235G crops in 24 coun-
wies (Garv Thompson, Dow AgroSciences; personal
communication}. At the preseni tume, spinosad is not regis-
tered for use on stored grains.

Our research team has been evaluating the performance of
spinosad against stored-product msects since 1997 This
papsr summarises our research resuits from 1997 through
Jaly 2002.

‘Effectiveness against stored-product
insects on different wheat classes and
grain types
Effectiveness of spinosad against the lesser grain borer.
Rhvzopertha dominica (F.); rice weevil. Sitophilus orvzae
(L.); saw-tcothed grain beetle, Orvzaephilus surinamensis
L.; red dour beetle, Tribolium casianeum (Hernst): confused
flour beete, Tribolium confusum (Jacguelin du Vali: rust
grain beetle, Crprolesies ferrugineus (Stephens): flat grain
beetle, Cryproiesies pusilius (Schdenherr): maize weevil
Sitopnilus zeamais (Motschulsky), and Indian meai moth.
Plodia interpuncrelia (Hilbner) wes teste¢ on different
ciasses of wheat curum, hard red winter, hard red spring.

soft red winter wheat} and on veliow dent corn.
Subramanyam ¢t al. (in press) reported that the mortality
of R. dominica. S. orvzae. O. surinamensis anc T casianeum
was significantiv higher (P < 0.02) on spinosac¢-~treatec harc
red spring wheat of 13% moisture than on unteared wheat.
Rhyvzopertha dominica was the most susceptibie species.
followed bv S oryzee. O surinamensis and 7. castaneun.
Spinosad at 1 mg'kg killed ali R domunica adulis afier
& dayvs. Complete mortaiity of S orvzae adults occurred at

> mg'kg afier & davs and at | mg'kg afler 14 davs. Orvzae-
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philus surinamensis moTtality at both exposure durations at
120 mg kg ranged fom 60-99% and that of T. casianeum
ranged Trom 2IZ-"2%. At ail spnosad rates. R. dominica
progenv producton was suppressed by 99.9-100%.
Suppression of S. orzae progeny production was “2% at |
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O. surinamensis was significantly suppressed (99% reduc-
tion) onlv at 20me'kg. Compiete suppression of
T casianeum progeny occurred at 6 meg/lkg. Across all four
species, some demage 1o spinosad-ireated whear was
evident. which suggested that Insects poisoned with spinosad
did not die quickiv anc continuec to cause grain damage.
Generally, kernel damage was mversely related 1o spinosad
rate. Subramanvam et al. (In press’ also tested P inzerpunc-
iella emergence on spinosad-ireated wheat. Compared with
egg-10-aduit emergence on untreatec wheat, £ interpuncrelia
emergence was suppressed by 99-100% at 1-20 mg'ke.
About 444 unireated wheat kerneis were damaged by P
interpunciella larvae, whereas only 6-20 spinosad-ireated
kernels were darmaged.
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In another test. Subramanyar et al. (in press) found that
mortality of R. domunica, S. orvzae, O. surinamensis and
T castaneum adults on spinosad-ireated soft red winter
wheat was significantlv greater (£ < 0.02) than or untreated
wheat after ~ and 14 davs of exposure. However, mortalitv on
spinosad-treated wheat was simiiar a! both exposure periods.
Mortality of R. dominica adulis was 99-100% even at
0.1 mg’kg. All S orvzae adults were killed at 1 mg'kg. The
mortality of 0. surinamensis anc I. castaneum adults was
46-36% and 28-39%, respectively. The 2 1-day egg-to-larval
mortality of P imerpuncrellc was 92.2% at 0.1 mg'kg and
95 6% at 1 mg'ke.

ALl adults of C ferrugineus, C. pusillus and T. confusum
exposed 10 hard red winter wheat reated with 1 mg’kg of
spinosad died within 14 days (Subramanvam et al., in press).
Progeny production at this rate was aiso completely
suppressec.

Fang et al. (2002) reported a simijar end in species
suscepribility in thelr tesis with different wheat classes. All
R dominica adults were kiliec at 0.1 mg'kg after 7 days. At
1 mg/kg, ali S. orzae acuits were killed on durum wheat,
and mortality on other whear classes rangec from 69-93%.
Morality of O. surinamensis and T casianeum after 7 and
14 days of exposure at 1 mg’kg ranged from 46-76% on
durum wheat, whiie mortality of these species on other
wheat ciasses was <13%. Spinosad at 1 mg/kg suppressed
crogeny producton of R. dominica (91.2-100% reduction)
and 7T castaneum {(72.4-100% reducuon) on all wheat
classes. A: ! mg’kg, suppression in progeny production of
S. orvzae was 83.2-93% and that of O. surinamensis was
73-03.8%, onlv on durum wheat. There was significamt
(P < (.03) positive correiation beTween progeny production
and kernel camage causec by R. dominica. S. oryzae and
T castaneum. [n 2 smdy bv Fang et al. (2002}, spmosad

CUVity agaimst insects varied among whear classes, out not
among exposure durations (7, :4 and 43 days). Performance
of spinosac aganst F inferpuncrella was consistent among
ali four wheat ciasses. Spinosad at ! mg’ke killed nearly all
F interpuncrella larvae (97.6-99.6%), suppressed egg-to-
adult emergence compietely (0—3.2 of aduits emerged/50
eggs) and decreased kerel damage significantly (0.2-3.4%
of kernels were damaged).
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The mortality of R gominica adults on spinosad-treated

veliow denr corp was similar at 0.2, 1 and 10 mg’kg and
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ranged from 85.3-987% (Bh. Subramanvarn. unpublished
data). However, the mortality of S. zeamais enc 7. castaneum
increased with an increase in spinosad rate. The mortaiity of
these two species was significantly greater (P < 0.03) at
10 mg/kg (ranges for S zeamais and T casianeum: 8.4
§3.2% and 26.2-62.7%) than at 0.1 (53-284% and 1.3-

2.6%) or 1 mg'kg (28.5-42.2% and 2.9-24.2%,). Spinosac
suppressed R. dominica progeny production (100% reduc-
nor., and kernel camage (97.4% reducuon) at . mg'kg. The
progeny production of, or kerne! damage caused by,
T castaneum was significantly lower on spinosad-weated
corn than on untreated corxn, and the magnitude of requction
proportionally increased with spinosad rate. Spincsad falied
10 suppress progeny production of. anc kermel damage
caused bv, S zegmais. The 2.-dav mortaity 0
F interpuncrella larvae on spinosac-ireated corn increased
with spinosad rate. Mortality was 91.3% at | mg'kg and 98%
at 10 mg'kg.

On both  wheat and corn. R dominica and
P interpunciella were highly susceptbie to spinosad. Effec-
ave control of S orvzae with spinosad may be achieved at
=25 mg/kg. Adults of O surinamensis, T castaneum 2nd
S. zeamais are less susceptibie t¢ spinosad; however, some
reduction in progeny production of the first Two species can

be expected, as theyv are exierna: kernel feeders.
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Infiuence of grain temperature and
moisture on activity against R. dominica
adulits

L. Fang and Bh. Subramanvam funpublished data; evaivared
spinosad at 0, 0.1 and | mg/kg against R. dominica on 12
and 14.5% hard red winter wheat at temperatures of 22, 28
and 34°C over a period of four months. Eaci montk,
R dominica adults were exposed for 14 davs to grain at
iifferent temperature—moisture combinations 10 determine
mortality. All R. dominica aduits were killed on spinosac-
weated wheat at the three temperatures and Two moisture
during the four-month test period. On untreated wheat,
mortality was below 10%, except on one occasion where the
moriality was 153-39%. The mortality on spinosad-eated
wheat was consistently and significanty higher than on
unmreated wheat. These results suggest that spinosac’s
actvity against R. dominica, a kev pest of stored wheat. 1s
not aifected under the conditions tested.

Persistence and efficacy of spinosad
residues on farm-stored wheat

Fang et al. (2002) conducted field and laboratory tests to
determine persistence of spinosad residues and sffectiveness
of residues against R dominica and I casianeum adults.
Samples (250 g} of untreated hard red winter wheat anc
wheat treated with spincsac ar 0.1, 0.5, 1, = and 6 mg'kg
were sealed 1n plastic mmesh pouches and bured below the
surface of gramn stored in three farm bins located in
Mannattan, Kansas. Wheat i pouches was sampled
bimonthly from November 2000 t© November 2001
Temperarures at all sampling locations 12 hins ranged rom ~
10°C {December 2000 and Januery 20011 1o 22°C (Julyv
2001). Relative humiditv at these same iocations ranged



Zom 3% to 70%, and the sample moisture ranged rom

ear regression line of spinosad residues
against storage ime at sach rate (berween 0.1 and 6 mg'kg;
was not significant’y different from zero (P > 0.05), indi-
cating that the residues were stabie throughoui the vear.
E. aominica mortality assessed 1n laboratory bioassays at
bimonthiv intervais was consistently 95—100% on spinosac-
Teated whear and signifcantly higher (P <0.03) than
mortalinv on untreated wheat. Mortality of 7. castaneum
aduizs ar 1 10 6 mg'kg was swniﬁ“anﬂ\' higher (P < 0.0%)
mnarat0and 0.2 mg kg, and was 75-100% at =3 mg'ke. The
LD vaiues ior 7. casianeum rangec from 0.5 10 1.2 mg'ke
auring most months. Despite a siight increase in LDy, with
storage ume, spinosad toxicity 10 IT casianeum aduils was
not affected during the one vear of storage. as indicated by
the non-significant siope of the linear regression of LDsgs
against storage nme (Fang etal.. 2002},

Spinosacd degrades quickly under sunlight (Brunner and
Doerr, 1996; Saunders and Bret. 1997; Liu er al.. 1999).
However, spinosad IS Dpersistent in farm-stored grain,
because the grain is protectec rom suniight,

Contribution of contact toxicity and wheat
condition to mortality of stored-product
insects exposed to spinosad

Toews and Subramanvam (in press) designed experiments o
evaluale comtact OXiclty ©f spinosac anc determine the
effect of wheat condinon on susceptidility of stored-product
insect adults and larvae t spinosacd. In thelr 1ests.
R. dominica aduits were the most susceptivle species when
exposed 10 spinosad-weated glass surzaces (Petri dishes),
followed bv S orvzae and T castaneum adults. All
R. dominica adults were killed within 48 b. Mortality of
S orvzae and 7. castaneum increased with spinosad rate.

The LD values (93% CL) for R. dominica. S. orvzae and
T casianewn  were  0.0004  (0.0003-0.0006). 0.0768
(0.0670-0.0879) anc 0.1848 (C 1075-6.2212) mgem™,
respectively.

Toxacity of spinosad to R. dominica, O. surinamensis and
T castaneun: adults and O surinamensis anc I castaneum
drst instars was mfiuenced by spinosad raie and whneat condi-
sion. Generally, insect mortality was greater on whole wheat
than on cracked wheat or whear fiour. The mortality of
R. dominica adults was =297% on whoie whear at 0.1 mg'kg
anc at all three wheat conditions, but mortality was 42% on
c*acz\ea whear ancé 19% on wheat four. Spinosad failed to
7 castaneum adulis ar 0.1 mg/kg, but more adults were
led in whole wheat than in cracked whear or whear four at
c¢. Morality of 0. surinamensis was greater 1n whoie
wheart thar in cracked wheat or wheat fiour. However, mean
mortaiity of this species was <20% ip all weatments. The
mortaiity of O surinamernsis and 7. casianeum TSt INS1ars

weas significantlv higher (P <(.0%) on whole wheat than on

cracked wheat and wheat flour at ! mg’ke.

Excellent contact toxicity 10 some key stored-product
insects indicated thar spinosad could be usec to reat surfaces
{empty bins, warenouse Joors, mill foors. cracks and crev-
ices) for managing stored-product msecis. Berter
performance of spinosa¢ on whole grain suggested that
using spinosac on clean grain mav mmprove its efficacy.

e Stk Internasional Workang Conference on Stored Product Protection

Contact toxicity of spinosad applied to
various surfaces

M. Toews and 3h. Subramanvam (unpubiished dataj
exposed aduits of T comfusum, R. domimica. O. mercaior
I castaneum. C. ferrugineus. S. ormvzae, (. surinamersis,
and the warghouse veette, Trogoderma variabile Ballion 10
iifferent surfaces, such as concrete. foor wle. steel and
waxed foor tle, reaied witk spinosad at (.02 and 0.! mg
cm”. Insects were exposed to unireared panels (O mgrem™:
surface area, 30 cm~} or panels weated with spinosad for
4 h. Morrality was assessed after insect recovery on diets
for an additional Z4h. Mormaity of each species on
spinosad-ireated panels was higher than thar on untreatec
panels (Fig. 1), Nearlv eall R dominica. O. mercaior,
C. ferrugineus, S. orvzae, O. surmamensis and T variabile
adujts  were killed on spimosac-treated panels. Al
T castaneum and T conjusum acuits were killed when
exposed 0 concrete panels treated with spmosac. The
mortality Tor these two species on steel. fioor tle and waxed
floor utle treated with spinosad was >70%. The excellent
contact toxiclty against a broad range of insect species
suggested that spinosad couid be used as a surface or crack
Or crevice Sprav In empry grain stores or m f00d-processing
facilities.

Conclusions

Spinosad  is  effective  against R dominica  and
Finterpuncrella at @ mg’ke on both corn and wheat,
ajthough 0.1 mg/kg was effective against the former species.
The reasons for the reduced susceptbility of S. omzae,
T. casianeum and O. surinamensis tequire further smdy.
Both the field and the laboratory tesis have corfirmed that
spinosad’s acuvity against R. dominica 1s unaffected by grain
temperature =34°C and grain moisture =13%. Spinosac resi-
dues in farm-stored grain are stable, and provided effective
conol of R. dominica for one vear. Spinosac has excelient
contact Toxicity at rates <0.1 mg cm” against a wide vanewy
of stored-product insects on different surfaces. Qur results
showed that spinosad’s activiry is greater on whole grain than
on cracked grain or Aour. Grain sanitation is therefore impor-
@ant 1o enhance spinosad’s activity. The low mammalian
toxicity of spmosad, its activity in killing and suporessing
progeny production of various stored-product msect pesis,
and its persistence :n farm-stored grain make it a viabie
eplacement for existing grain brotectants.

Current and future research directions

The United States Environmental Protection AAgency 11 Mayv
2002 granted an experimental use permit for evaluatng
spinosac as a porential grain proreciant ar the 1 mg'kg level.
Field imails are currently being conducted on three Kansas
farms 1o compare activity of spinosad at 1 mg'kg with
unreated grain (0 mg'’kg) and grair Teared with chiorpyv-
rifos-methvi (2 mg'kg) and spmosad ~ chiorpyrifos-methyl
(i = 3 mg/kg). The combination of spinosad — chlorpyrifos-
methyl is ammed at conwoling T cusigneum  and
O. surinamensis. species that are less susceptibie 0
spinosad. Similar evaiuation in shelled corn will begin on



farms in Indiana during November 2002, and this effort is
peing coordinatec by Dr Ditk Maier, Purdue University,

Indiana. On cora. pirimiphos-methy] (4 or § mg'kg; wiil be
usec nsteac of cnlorpvrifos-methyi.
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ve is 1o derermune f spinosac 1S a sultabie weaumen: Tor
unaerared grain.

We are aiso evaluating e effects of spinosad on narura
enemies of SIOTeC-product 1Nsects, (it an anempt o 1denufy
specific parasitolds OT predalors thart can be usec in conjunc-
Jon Wik spmnesad for insect management in
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Information, in the form of armcles. refersed papers.

PowerPoint presentations and pictures, or our past and
current spinosad  projects 1S avallabie  online  at

www.oznet.ksu.edu/erse_subl. tnder the “What's New” link.
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