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PEANUT SCIENC" 

Enhanced Infection of Peanut, Arachis hypogaea L., Seeds With Aspergillus flavus
 
Group Fungi Due to External Scarification of Peanut Pods by the
 

Lesser Cornstalk Borer, Elasmopalpuslignosellus (Zjlcr)'
 
Robet El. Lnvii hi and RaOid M.Wilson2 

ABSTRACT 	 the extent ofpoid ioijtiry 1)),larvac of the LCB. In field studies, over 
The relationship betwei injury [iy (Ili, lesser cornstalk borer 50% of the IA.i larvae collhcteid fro,: ;'"iiul wre naturallv 

(LCB), Elasmopalpns lignoyc'lus (Zhlhir) and ilwasioli of' pealilt, colaiiifiated with species ofthe Afla es group. The planting dati, 
Arachif" hypogaea L., pods and seeds bv species of thi As'irgillis and hap'est (late of ix-aliiit had little influienice o li liilcidllice of 
f/a ;s group (A. flarils L.ink and A. ]Prasilivo Speare) were fiungal on1itaminiiatioini ofplls and selsds, or oin ailatoxin coniteint ill 
stdied ider laboritory. ai field! conditions. Inl the labratoiy, seeds. I lowever, increastd pod injur byi the IC1 significantly 
l.CIl larvae were dii excelhnt victor of' ;ili A piacisithlens color increalsed tile, percentage of seedcs inflected with Species of the A. 
initant (ATCC' 216901) to all dilvelopientil stages of pailit polls. flaeos group. Svids iinpolls with only 'xtruial scarilication froic 
Fliligal inviis.ioll al aflaitoxin concentrationi ill seeds were higher ii larval fe'eding had a signiflcanit higher imerc itdge of A. flaus 
iiiiinatore pods (stage 2-3) tlhanill iltor Ilitri pods (stage 4-6). groiju)inifectiiiitniiisieils friii iijirid piiikTlerfuire. infection 
Ciontaminatioi of seeds with ATCC 2-169) was directly related to and coiitauiiatioii of visilys' iuninjiurid sceds with aflatoxigeuiic 

tiiiigi wetre, elihaiicei li xte'riial iijtii to pcaililt pods by the [CB.' 

'Joint contritition ot tile(USI)A-AIIS and thi University of' (eorgia, Key Words: Aspi'rgillusflaais., peaiiiit, lesser cornstalk borer, 
Agricultural Experiment Station. 'Tile risearch was suipiortuh ill part by pod iijiry, peantt insects. 
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peanut with aflatoxin, toxins produced by Aspergillusflavus 
Link and/or A. parasiticusSpeare (hencefortli the A.flatus 
group, unless the species was determined). Methods re-
cently have been developed a;-d evaliated for removing or 

reducing aflatoxin contatminated peanuts via belt screening 

that removes loose shelled kernels, immature pods, and 
foreignt material (8, 23). 

Penietration of peanut pods Iwy insetcts la\' eianci |it'a-

sion of pods by A. flatls grulp fungi aml tle formiatioi of' 

toxi) ill Seed'cs b~efore ham2st, after digging, and during 
storage (3 C, 9, 1), 18-21 24,31 . Aflatoxin concentration ill 

seeds from pods injured b' insects can be 30-60 timos 
greater tlimiti aflatoxii coii(etr-,,tioi in seeds from uninjuired 

pods (3, 9, 10,31 ). Vtirt iernioro, inosect: it to peamit pods 
may result in aflatoxin contamittion intsectIs ttide cultdi-

tionts that dot) not favor hiL'". aliatoxiti content ill seeds from 

uni)jured pods (3, 5, ii). 
Ter r i1cs, A i t'rot i's lhlorac'alisSjostedlt and O ot ­

eorsW' spp., in Asia and Africa and the lesser coorndstclk borer 

(ILCB), 'lasmop~al/pts lignstllu.s (Zeller), iii the U.S. have 
most oftin i)weIi as:;ociated with injur, to peanut pods prior 

t) harvest. Prliarvt.'st injury may lead ti increasedi invasion| 
off-otisbyf th ;peces nd tA..tlltt~s grup, susequl~tf pods by Species tf t 'flti1S groutp, and to l 

allatoxin contamination (5, 18-21, 28, 29). Two tNes of' 
iijur' to panot pods b' both t('rmiites and the L( 11 av, 
b Izttdescribed, i.e., pol scarification and )odl p(c'ttr;titi 

13i. to phd bylinvate is greateiiiiiih
im, r).lnjitn Id itlitl plts 1w I ,B ;Ili fe 
itnlmiaLttire 1 lils, p~lils in stag's 1-3 (35), aid ilf tet results in 

pod pl iet "ithiut (15). As pods reat stage .1, thter meso atlp 

devlop; ;; rtc'ttal riiditv, and i'iBIry the 1(T is pri mar-
ily external scui -itcatiot w\vithoitt od ration. Similarly,oltttet 

po scatific~ t by ;-rtnites uisualy tccutrs late inltile 
po t it 
groving season and is restrictet, to tltQ m ore mature poiL 
(I I ). iFurthermmore, contditions that vvr initiurv to pie,tut 
pods by )oth) trmiites attl the L(. ( 1 2, 15, 1- ), i., , 
drougt anidi bight soil tttpetattes, a~rt'sittilir to )ti~litiot! 

that favor invasion of pods1 by species of th, ,.flavu.s grnmtp 
ad flatcxin fOrniation in seeds (3, -1, 10, -,, 26'j. 

The :iitcrr'lationsliip letwetti all LCB infestation uid 

increased ilfit'ctiln o'paut pod.ls by species ot'tie A~flrvus 
groiip \\,as first siggested byf'Ashworthf and ianiglif.v (1). 

Dicketns vt at. (5) slitowetd increased con tamniinattion of seeds 

witi A (aalus 'iUld inicreas(d aflatoxin contett "isa sult of 
"p aiand

"tici i,(I3 tiatitagi"'and spt't'tulatt' that ''the: 1.± lii 

traiis)(rt A. flrius spores tbrotigh ie pod to ideal sites of 
inile¢tin where the I1 fteuds oi the kermel" \ idstroul 
(3-1) noted ItIat 's(,il insects. .. aid their relaitioni ship to the 
aatoxitip m ntr d as m hattetntion a. 

txinprolietii hiive il retteivttl t.nuchi a ntions 
igli t be expcected in vihtw of'the fct that the s(,riotisli ess of 

the aflatoxin pioblei int feeds was first recogiiz('d with 

peanuts." I lowever, untie' the pnblished reporls Concern-
ing pod injir' bV soil insects provide lefhnitive ilfor'n:tiomi 

of * .. 

ofthe interrelatiois bietween extent of'podI injiry f)y iiscCts 
and in'Lmsioll of pods and seeds Iby the flligis or aflatoxini 
formation. 

Researci r'eported here was designed to detertiine tile 
I 

int errelitiosiipsiiiiongtiit pod liiiinjnrY' ttle LCB, pod 
infection 1)cseci (oftIll'A.flitvus g'oillp, and seed coitaili-
nation writi aflato)xin. Specifically, we examiiined tile role of 

the LCB is a vector of al A. pa:l'aositicu.scolor mittaiit, the 

relationshiip bet en extent of pod] injury by the LCB ill 
the field and contaniiation of' pods aid seeds witl the 

A.flavus group, and the stbsequent contamination of seeds 
with allatoxin. 

Materials and Methods 
Laboratory Studies 

libiirattrv tests were o iductedto deterine. thle- efficietncv of LCI1 
lam c illidis'im',inatig itmintant olA. po.i.iti s (ATCC 246910) that co'ld 
be readilv identified Iw it:; red-brown conidiia (36). AT(C 2.lfi!)0 is quite 

cimipctiti,' in nathire and pr ldi'es all if' the fotr known aflatoxitlt. 

Treatinviits were arranged inasplit-spit plot with stages 2-i ofpe.mit pod 
aile'vlopint'llt as wholt' plots., intainiiation of I.CB laiva' with ATCC 
2.169) versus no co,tandiat i, of I.CII lar.'ae as the subplot, and level of 
pod injury, i.e., uninjured, externally scarified, nid peletrated, Lsthe sub­
subplol. l.aclh experi;nelt wa;s designed ili a r;diiiihiiii.id coiiipilete block 
with 6 rep!ications. 

Peaniut pilitswith pod, in dvvlopmentidI pustages 2 i 6 were pulled in 
the fi'ed placed in plastic bags, taken to the labloratory, and refrigerated at 

..A C until use with 1-2 irs. Pods with the entire peg attached were 
reiiovvd from, the pllnts, classifled by stage of development (35). and 
rinsed for ca. 3 min ini1'7 sodiini l.poClIorite and thut ill distilled water. 

'le pigs otirev pills of the appropriate stage were inserted through thlt 
rubher cap of' a floril Alia-pic cointaining distilhcd water. "lstswere 
collf'ed in 25-cni-ihialliter clear plastic(lisies. The bottom of each dish 

was divided into 5 iqual s,-ctiois ioid three 1.7-cii-dianieter Ioles were 
drilled i thel bottomlflii'hedish fbireach section toacconmodate theAqua­

pics, each containing three pols of a designated stage, ,,re randmly 

iiA. tli a s-tctiili ail itiserted through the hols in th dish. The Aqoa­pitcs and p),,ds vrv then covered with steilized san~d. 

p ,i rv.di, Othtest werefr tiliio'h ylwmit isan. aitained 
at tli' Insect Biilw,' ald Populaltii Maniagement i'test-i'i, I.al oratory. 

Wi tists were iiiiicf.F, the ftrst wi 7-lay-oli larvae an tim seciul 
II-o-h lumr niB ,t 25 lar.,ai w're 

plrces iiil petri dish conltaining it; i. o'a 1 I0" spore/Ill. spellsiltn 
of th,, A. parasitiuiiscoilr ijtant: iicintaminated larvai wert treated 

with distilled water. I irv.it foitoi a pitri dish were thin renmved from the 
w;, . t )i. (itmhsurlici, ,ii the sand il tli, argvr dishes, and thei dish 

wts coveredwitlia tlti i d placed ill all icubatir maititain'd at 26.7( :.75% 

III nd1 dandt 16 hr light-S h Iak iphitiiieriid. 
After I0 days, pods ill 'acii diisli wtin r'moseid and rated for injury b)y 

larva, of the HAI on () ninjlreid..l = etenala t0-:3scale when' i= 

scarification,,2 = 1pllitratili, nidi = polciitiots partiallvcinsiwte. 
IC3 larVa' weri reinved from ac) dish bysiftingthe sud through a t­

tiesh sieve. -1we nubnler iif larae/dis was recorded and thi larvae ind 
polls wefi'.,,.iii for later analysis foi A. 1)(, a.siticn.s Contanima titin.n Pods 
were rinised in water, placd iii 0.5% sodiuni hlpochlorite fur 5 imlin, and 

atseptically shelled for analses 'r cies of the i. flavls 

group aid for conitaiinatioin will aflai xi. Presece of th' fingos wvts 

deterl liy placilig the pods, sieds, or larvae oniltail extract agar 
containing 1(v NadI hY weight, incubatiNg thw dishes for"7 ds 30 (,lit 
and observing tilie pr-s.itc of tlie red brwn coiidia of AT( X 2.1690. 
Aflatoxin conten tf seeds was detuimined byI II L.( (32). 

All datawereiaial't'/1d Iyaaly'Fis ifvariaic' (27). iereentagedata were 
'I ,t ransforlned ti arcsini' iwc aflatoxiii data were transformed to log 

(afloxin + I) for anilysis. Sig;,ificaiiti, difflerent niieins wvrt' suparated )), 
usiig tVallr-Ditca (:30) k-ratioit-t'st at L= 1Itt0 lii I-t0.05 !o'r itiltiple 
compatisis, or by using ti' priteid Iast signitfican diifftrelc atilysis 
for ptaired cMi lparisons (30). 

Field Studies 
Field experienits wer' conduct'ed i the Ilelflower Fari, Coastal 

Plai IExperiment Station, ni'ar "l'ifto, (;,\ ill 983 and I98to dettermine 

Iwiiteractiolins among planuit planlting dat's, harvist ditts, and insct| 
injury tt lods. iifi'ctioii fl)lls nilsels I(hyspiis fthi' A'flat'us gro'up. 
and contamiatioi of seeds with allatixii. (i erified l"ltrtin'erseed were 
planted al(it. 121 kg/lia in 'ilton loiaiv sand (fine, siliceous,loailli', 

thirinic hliothie Palthdults). Ilot'. were 6Ir i inI Ingh and 8 rows wide 
with itl ciI letween rws alnd were treated before planting fIor weed 

control svith btiiefin (N-lIhitvI-N-ith' l-alphi, alphta, alpha, triftiori 2, 6­

diniiro-p-tiliidine) i 1.25 kg ti/ha, 1111d vernoiate (S-IPropyl 
ripropytllillc rliiilitte) i 2.2.1 kgiii. Prior tictlhl/l t'i ' hplali tlltrgIemiic 
ill itlts wire treatet for w:'id cintrol with alachlr Ij2-chlIoro-2',-6'­
itthyI-N (nixyoi)'til) acetanilidej at 3.36 kg ai/it and naptaan (N-

I-NaphIthIlhIItI ithl ic acid) + ilinoseb 12-sec hntyl 1,6- dinitrophienol 

(alkaiolamine salts)] at3.36 + I.68 kg ai/llt, respectively, as t'c'itnendeil 
ibyill, ;eorgia Estitisiii Service. All plants were sprayed flitr afspot

control with chilorthalonil (Tet raehluoriisopl thialnitrile) ai 2.48 ti/haon 

10-li day intervals hegiuninitg ca. 4t days after platt iergence. 
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The experiments were designed in a ran(omized complete block %%ith 
a split-split plot arrangemnent where treatments were replicated 5 times 
with planting dates (April 4, April 25, MaNy 16, and Jiune 6, 1983, anid April 
22, May 13, and June 3, 1985);is whole plots; harvest dates (Weptei'ltber1, 
8, and 15, 1983 anndSepteniber 5. 26, and Oetoo.,-r 21, 1985) is sithplots: 
and injury to pods liv the I.CB (nninjuted, externally scarified, ard 
penetrated) its were %isiallvsteparatedMill-sbplots. I'ods into the varions 

injury categories at larvest and frozen for later anal~sis for mycolloral
 
growth on hullsand seeds and aflatoxin contaminatioln iii seeds. All data 

were anawal I-d na, sis o'variai je 27)..Percentage data \ere transorirned
I 
to aresine ,1caildafltoxin data wre trltlsorflletdto log (allatoxin +I) for 
analysis. nSiigItiO~ltlyiIl:uis were separated lusivgWaller-Duncanffer'nt 


(33) k-ratio kV li).t-test at 
A totalot78 ICB larvae was collectld froimpeanlits grown i: it(, field 

by pulling pllts and searchlilg for lrva in ilkeln tubes lttacliedIopodls 
or in th hos1'vd soil i ,'r*invials,I1 ere pl vividulllytaken totle 
lablorItlrY, ill npllcllhrite for I riinute,surface sterilized I ' sodium 
rinse~dwvahr,ad f'('r flatilsiII fro~zen hatraUla]sis. The presenc'e ol the .. 

.roup flin i wlas id y placing indisidtal lar.ire llalt
ctteru 'l 	 on extract 

agar an1d in'ullitiig as prviouslv descrilled.
 
IIr199), the rtlationship bIltwvr lxtrrnal injury to lvanult pollsb 


a poll il"eetill •lvI((1) po i n 115,' 	 ~k-rat0l .'a u ( sli.('i5(f thI A. flaULS s 

substalltiated 1Ivcolhlcting I.( T-sariliciid pods and uninjulred pods fron 


ilirtel. 1itt %it petllilt 1111 Sllrtly sore The 11•pnts
(hsigned il i raimlinizt IIcomlete block wvith Ixttrnial.treatients It N 

s'arifieIdpo.svrsi 'initj,.irIodsriplicatied lItinlesie, prdsllektedh
i 
atIOdil'erelnt llatio1n1s ill til fihi . T i 1i lj u1gr.)iip andl(aflatolxin 	 d,.scriiedl. '\\vits dh-tcrininvd ;isprevi,,iisly I)v'((lli 

ill( tIll datt an I llattoxi II ii tli t l trtel isprlsvlIslv dvsles'ribt,c'i 


ibil~jt tvItoanalysis of'variance, and signiicantly diirent 1111s wver. 

suparatcd ttisinl( till. IIritechtd signifiClit analysis for
tliLst I]itlIrenc(I 
paired coniplrisons (:30). 

Results and Discussion 

Laboratory Studies 
No significant: interactins between stage of' pe'nut pod 

developlent andlC!' oititaiiiiatioti with theA.parasiticts/ 
nittant were noted for pod injiiy ratings, ,tu ,,ers of"LCB 
lai,ae recovered, or percentage ofhm,ae contaminated wvtth 
tht color inutant. Stage of pod (evelopment significantly 
intfi itteed podI inijitry 1y le LC 13and the number of' hrvae 
thatwere recovered (Table I). Injuryto lodswssignificatitly 
greater for pods in stage 2 titan for pods in stages 3-6, and 
iignificat tlygreater forpods instague3 than forpods in stages 
4-6, sittilar to results that were previously reported (15). 
Likewise, significantly inor. ICI3 larvae were recovered 
*roin intnetttre pods, stages 2 and 3, than were reco.( red 
f'ron more iatitre pods,stages 41-6. Contamination of LCB 
latvae with ATCC 2469 (didnot influence pod injury ratings 
orthe nunher of1,(l3 larvae recovered at the end of'the test. 
Also, stage of'pod develipniett did notiaf'fect the percentage 
of larvaeeiotatiiatedwith theA. parasiticus inttatnt.' lits, 
the contantination of' larvae with A'TCC 24f690 was highly 
siceeessfil withottt adversely aff'ecting the ability of larvae to 
injure peamit pods. 

Stage of'pod developnment did not affect the percentage of' 
pods infected with ATCC 24690 (Table 2), intlicating that 
LCB la ae visited all pods eqttally, atnd that the larvae 
vectored the fingtts e(jtally well atoting all stages of'peanut 
pods. Ihowever, stage of pod developmient did influence the 
percentage of seeds infl'eted with ATCC 24690. More seeds 
froti stage 3 pods were itf ected with ATCC 24690 than 
seeds from stage 4-6 pods, and more seeds from stage 2, 4, 
and(5, pods were infected with AT(( 2469) than seeds front 
stage 6 pods (Tabl, 2). I ti( laloratory, the LC larvta was 
an excellent vector of the A''CC 24690 inuttatit to all 
develolmental stages of pea-ut pods, resulting in the 
contamination of over 95% of the pods and almost 62% of 

Table 1. Laboratory evaluation of lesser cornstalk borer (LCB) 
larvae for dissemination of an A parasiticus color mutant to 
peanut pods in different stages of development., 

'od injury No. LC8 % LCB with 
Variable rating' recovered A.P.rasitcus 

color mutant' 

Stage of Pod
 
Develpment'
 

3 0.7b 12.9a 46.5a 
S4 0.5c0.5c 4,1c7.0b 29.Ba28.3a
 
5 5c 6 6bc 38.8a 
6 5c 

Larval
 
Contamination
 
withA.
 
parasiticus
 

+ 	 0.6a 9.7a 82.9a
 
0.7a 8.0a 0.9b
 

'Meanswithin a column foreach variable followed by the same letter 
are not significantly different (k - 100, P - 0.05) using Waller-Duncan 

t'-test (33) or the protected least significant difference 
analysis for paired comparisons (30).
 

'Pod injury rated on a scale of 0 to 3,where 0 - no injury, I 
external pod scarification, 2 - pod penetration, and 3 - pod 
coitents n-rttally consumed. 

'Percentage dato transformed to arcsi / for analysis.Prenaeent rnsomd oacsa h franlss
 

'Peanut pod developmental stages as described by Williams and Drexl er 
(32).
 

the seeds with the Fungus. 

LC13 larvae preferred fitinature peatt pods, i.e., stage 3 
or earlier, which resulted in a greater level of contatnination 
with the fingus in seeds front iminature pods. Sander et al. 
(26) found that seeds in itnature pods were eoloniz:d by 
the A. flavus group fuingi and contaminated with allatoxin 
more often than seeds frotn more nature pods.Dorner't al. 
(7) reported that the increased frequency of' aflatoxin 
conta nit, ition in iminatire seeds may be related to reduced 
phytoalexin production as water activity declines ill seeds. 
LCB larvae may as::ist the decline in water activity ill seeds 
and.or affitet other resistance mechanistts associated with 
peauit pods or seeds through increased attraction to 
imnattre pods, increased injuy to ititiatutre pods, creation 
of a vo rable enivirontent for fungal growth, an(i th 
excell,,ttability of larvae toveetorthe fiingus.This hypothesis 
is ftrther stils ttiated ,a significantly ivereased aflatoxin 
content in seeds from stage .3pods tit,n itt sees frlom all 
other pod stages. LCIB injury to itimatire pods (stages 1-3) 
iscltaracteize Il)y bloth extenial feediigatid pod penetration, 
while injuryt to ore ttaturelpods (stages 4-6) ischaracterized 
primarily by external f'eeding on the ped exocaq) which 
results in scarification (15). Thus,the increased percentage 
of inf'ection and the increased aflatoxin c(ncentration in 
seeds f'roin stage 3 pods are probably related to increased 
pod injury, and the lower percentage itiection and aflatoxill 
concentration insceds from more ttature pods are probably 
related to decreased LCI, injury its the tnesocarp develops 
struchral rigidity instage 4. 
The percentage of pods and seeds infected with ATCC 

2,1690and the conceittration ofaflatoxin inseeds varied with 
pod injury class (Table 2). Peanut pods that were penetrated 
by LC13 larvae iad a higher percentage ofhpnds contanillated 
with ATCC 24690 than pods that were uninjured or only 
externally scarified. 'lte percentage of seeds infected with 
the mutant was directly related to the extent of pod injury; 
seeds that were partially consumed by the LCB had a 
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Table 2. Dissemination of an A. parasiicui color mufar' in the 
laboratory by lesser cornstalk borer larvae tnd developmen, 
of aflatoxin in seeds of peanut.' 

Variable 
% Pods with 

A it01"0I'l loi~ot 
color mut!nt? 

% seedswith 
A 

col mtnt 

Total 
aft 

Pp(ppb)' 

StageofPondage4os 
De eeIlopment 

2 49.4a 36.6ab 4.9b 
3 58.8a 45.8a 9.2a 

53.7a 26.2 b 1.6b 
5 49"Oa 25.3b 0.blb 

Larval 
Coent:mination 
withA.
 
par 6.4a 6.a 

10.3b I.b 2.3a 

PodInjury
Cl ann'0 	 51.5b 3.0c I.6b 

47.6b 29.3c 1'6.3a 
3 54.5ab 65.6a 
2 	 6O.Oa 47.0b 

'Means within a column for each variable followed by the same letter are not
 
significantly different (k - 10, P - 0.05) using Waller-Duncan k-ratio t-test 
(Ai)or the protected leastsignificant analysis
difference for paired
 
comp.risons (30). 

'Percentage to arcsine A for analysis. data transformed 


'Aflatoxi.concentration converted to Log10(aflatoxinn 1)for analysis 

'Peanut poddevelopmental stages an described by Wilt .a andOrexler 
(32). 

'Pod injury rated mua scale of 0 to 3, where 0 no injury, I - external 
pod scarification, 2 • pod penetration, and 3 pod contents partially
 
consumed. 


Classes 2 aid 3 combined for aflatoxin analyses. 

significanlitly highter pt-erentage infection with the fingis 
than seeds f'rol plds witita lesser degree of' injury, ind 

see(is froit iods that wtere pe etrated Iv LA3 larvae had a 

higher pt'eentage ill feetionI than seeds f'rot uinjtI red or 

externally injttt'ed poIs. 
Thie percentage isveds infcted withi ATCC 24690)was 

influet tu d iv a signif'Ieant stage of piel development x LC B 
larval cota' lillatitlI with the A. parasfins mutant 

interatct it . A'(,(: 24690 was isilatet f'rom lestIthat 3% of' 

the seelds where larvae Iiad not IbeeIt thecontaiinated withil 
fitigt s, atd sigtnificant di1fierenes were noted ill thetIo 

Cotntamitation level with regard to pod injury class. 
Conve'-sely, high hvvels of' seed contatltil oiccurredltioat 


ICinju'ed 
percetntage of' seed eontitloialtion wIth ATCC 24690\was 
eComparable for penetrated lpttd.i (91.2% i) ill ptds witi 
partially e(stiltite~d seeds (87.5% a), but was sigtiificantlv 
higier for se'tis f'roi hoth penetrated pots illd partially 
eonsimed set Istita fi)r tninjured (4i.()%c) and xteronatlly 
itnjutredi potIs (61.5'/,, i). Likewise, seeds f'tti' exterIally 
injurs tdI lls htad t sigifitiltl ithigh e r ofe'onta ilition 
with the titant than st'eds f'roi uninjured pods. Thtus, in 
the lahrattoy, r'nivaltofexocarp f'roin peanut pois iy 1,C13 
lTrv;, witlotit p( pti(c'tratit was sifficient to etiai nee 

see([ eoitamiatio with A'C(: 2-1690. 
Alatoxi n etot tet fpeanut seetiswits tnota'fected ly I:13 

larval contamination with AT(C 24690, but it was affected 
Iiystage ot* pod development Itd hy pod injury Class (Tabhle 
2). Aflatoxin content was significatitly higher iti seeds f'rotu 
stag' 3 piods than ill se'eds fromi other pol stages. Also, 
aflatoxin content was significantly higher ill seeds froil 
penetrated potis than itt seeds f'roit either uninjured or 
externally scarified pods. 

where larvate wereecotaiinated with AT(;(: 2,1690. The 

Field Studies 
Neither planting date nor han'est date had a significant 

inftence on the percentage of pods or seeds cootatiinatcd 

with Species of the A. flflvus groltp, or 0I the total aflatoxin 
of seeds in either 1983 or 1985 (Table 3). 1lowever, 

with l~eCies (.,ftheA. flans grollp. Ill 1933, pealt pods that 

the extenlt of pod injur'y
the 

sigtifieantly inflieneed 
r'tage of st e Isct onnatet 

the 
pecet 

_r I ', 1,
TVI LC significantly

h e percentage of lOd and seedt lwiti l. atio wit the 
hd t(t bee n eltht I, tarvae lid a 

Ilinguis thii ininjuretd ptls, or pIllis thati had been injured 
only externally. I kewise, eattiutset'tIs ftomi l)tld; that only 
had be ii injired externally ia a significantly higher 
pereentage of iuf\etitoa with A.fla, us gr.,i fungri than seeds 

front uninjured pods. Seteds f'tin ptoisds that had been 
penetrated by LCI[ larvae also had ia sigitfleaitlyInore 
abf,atoxin thatn setd fLrit ti l ler1ninjurd oirexternally 

injured pods. I eiilltal. (10) also noted ai increased 
percentage of' A. flava.s group ftnigi ill injured seeds, and 
noted that only seed f'rtum injired peanlt pods eontained 
llOre than a trace of' aflaloxin ill treatents that were not 

Conducive t 	 it xiii fortIatioit. 

A significant plhtitig date x harvest tiate interaction 
affected tie pcteage tf pits etititaitate(I with species 
of the A..flavus groupi il 198:3. This iuteraction was dute to 
differences Ietween the percentage of' uninjured pods 
coltaill(d with the'ngiis andt the percelntage of LC3­
penetrated pods that wer-e Cltlhliltate(d with species of'the 
A.fla)us grIol). No significant diflf'erences in the percentage 

contmination were ntdbetween uinjure lpods harvested 
Septetter I and those penetratetdliv B larvae. Ilh)wever,by 

d sl(lI-penetrated po isharveste d Septen l er8 and Septe m ber 

15 hadi significatl hiiigher pe reetttag( cotani natiot than 
ltiiijtred pods.
 

Results fromn the 1983 and 1985 fieI study were similar, 
iut donlitions were less ftxvorabhvin I 985 ftrpeatit infection 

witlispeciestf'tlie'Aflflvusgitll),adti(tI foraflatoxin foration 
(T:able 3). In 1985, pod injit N* had a significatti ef[fect oo the 

percetttages of' po(ds and seeds contittilt ted with A.flavus 
grotp figi'The eentageoflpt dsatdseeds eoota tinated 

witith fla w igoiCs'gt°11)'s 'ieatlyIigher for pods that 
had liten pe etrated 1y I( B larval feeding titan these 

peentages for or exte,',lly injured pods. 

Tilte percentage of pods contaiiiated with the A. flavus 
grotlWasaffeete l yasignilf'atiterattil Iiongpalting 
dates x harvest dfates x poid inijurv classes (Tahle 4). Tiis 
inttcration was attniuted toiahick of significant differences 
anion po injury classes ill cie perentage of'pods inif'ected 
with the ftngus for peats phuited lay 13 and harvested 
September-26, coiparci with signfileant differences aliong 
all injury classes itt the er'entage of itifected pods for 
pealts plteti June 3 and harvested Septemle'r 5. 
Conversely, signifi'cant differences were noted in the 
percettage of'itigal it feetet l)tds1(1l btwlt pCIetratedet\e 
pos versus externally injure lr ilinjlred pods for all other 
plating date x harvest date ctmiations. 

Over 50% of' tlie LC 1I larvae collected f'ro lpeanuit itt the 
field were ittirially contaminated with fingi of theA.flavus 
group. Other insects, especially those that injure cori, have 
been shown to be naturally contaminated with, and thus 
serve as a carrier of A. flavus group fiitgi (14, 22). Mites of 
the genera Calfoglyphus and Tyrophagus also have been 
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implicated as possible carriers for fungi that result inaflatoxin injury resulting from feeding by LCB larvae that had
 
contamination in peanuts (2). penetrated the pod and fed on the seed(s). Ilowever, LCB
 

In 1990, the percentage ofpods and seeds infected with A. injury to peanut pods includes not only pod penetration and 
flavus group fungiwas significantlygreaterfor LClH-scarified seed injury, but external scarification l)y larvae feeding on 
pods (pods =55.6%; seeds = 27.0%) than for uninjured pods the exocarp of more mature pods (15). 
(po(ds = 17.7%; seeds = 3.6%). These data fuirtherstil:tamutiate Data presented here show that the LCB is an excellent 
the hypotlhesis that external scarification of peanut pods by carrier of an A. parasiticuscolor mutant and that it vectors 
IC13 larvae exacerbates infection of see(ds witho it the ic ut al stages of peaii tthe fingus e(puallywell to all develop me 

necessity o f1)od p)enetration by tile insect. H owever, seeds pods in the laboratory. Seeds injured in immature pods by
 
froim neither uninjured nor externally injured )o(Is in the LCB feeding had a higher percentage of A. parasiticus and
 
1990 test were contaminated with afl.atoxin. aflatoxin containiiation than seeds from more mature pods. 

Several auithors (3-5, 10, 28, 29) have noted a relationshii Also, tile percen tage inllectio ill see(ls in thel aboratory
between insect injury to peamt pods and increased seed increased with an increase in the extent of injury to pods by 
infection with fimigi oftheA.flavus group. Ilowever, without LC3 feeding. 
exceptio, these reports c(nsidered insect injuiy as seed Fiel con(itions during this stu(ywere less than optimum 

Table 3. Influence of planting date, harvest date, and injury to pods byhlarvae of the lesser cornstalk borer on the Incidence of peanut
 
contamination with A. favus group fungi and aflatoxin content of seeds."
 

1983 1985
 

% Pods with % Seeds with Total % Pods with % Seeds with Total
 
Variable A. flavus A. flavus aflatoxin A. flavus A. flavus aflatoxin
 

group' group (ppb) - group' groupb (ppb)c
 

Planting 
Dated 

I 87.4a 54.3a 4.9a 4.6a 6.Oa O.Oa
 
2 87.6a 44.9a 2.7a 7.7a 6.3a O.Oa
 
3 92.2a 47.7a 3.la 10.7a 3.7a O.Oa
 
4 92.4a 44.5a 8.4a ......
 

Harvest
 
Datee
 

1 89.4a 45.4a 3.5a 12.9a 7.5a O.Oa
 
2 88.la 49.la 1.5a 8.6a 6.3a O.Oa
 
3 92.1a 49.Oa 3.7a 6.4a 3.7a O.Oa
 

Pod Injury
 
Category'
 

I 87.1b 36.8c 1.1b l.Ob 1.1b O.Oa
 
2 88.5b 44.9b 0.5b 2.7b 1.9b O.Oa
 
3 94.1a 61.8a 7.1a 24.2a 14.4a O.Oa
 

'Means within a column for each variable followed by the same letter are not significantly
 

different (k = 100, P = 0.05) using Waller-Duncan k-ratio t-test (33).
 

bPercentage data transformed to arcsIne A. for analysis.
 

cAflatoxin concentration :oiverted to Log 10 (aflatoxin + 1) for analysis. 

dPlanting dates: 1983 (1 = April 4, 2 = April 25, 3 = May 16, 4 = June 6); 1985 (1 = 

April 22, 2 = May 13, 3 = June 3). 

eHarvest dats: 1983 (1 = Sept. 1, 2 = Sept. 8, 3 = Sept. 15); 1985 (1= Sept. 5, 2 = 

Sept. 26, " - Oct. 21). 

'Pod injury rated on a scale of I to 3, where 1 = no injury, 2 = external pod 
scarification, and 3 = pod penetration. 

LI: 
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Table 4. Interaction of planting date, harvest date, and pod injury by the lesser cornstalk boreron the incidence of the A.flavus group fungi 
on peanut pods, Tifton, GA,1985. 

Percent Pods with A. ftavus group fungi when planted on:a
 
..............................................................................................................
 

April 22 May 13 June 3
 

Fd Harvest Date Harvest Date Harvest Date
 
Injury ................................... ................................... ...................................
 
Category Sept. 5 Sept. 26 Oct. 21 Mean Sept. 5 Sept. 26 Oct. 21 Mean Sept. 5 Sept. 26 Oct. 21 Mean
 

Uninjured O.lb O.lb 1.8t 0.7b O.6b O.6a 0.6b O.6b 0.3c 4.8b O.lb 1.7b
 

ExternaLly 1.5b 0.4b 3.7b 1.9b 6.1b 4.9a 0.4b 3.8b 5.1b O.Ob 2.7b 2.6b
 
Scarified
 

Pod 42.9a 19.Oa 17.Oa 26.3a 38.Oa 7.7a 10.1a 18.6a 21.9a 40.3a 20.8a 27.7a
 
penetrated
 

aPercentage data transfurmed to arcsine A2- fo analysis. Means within a cotumn fottowed by the same letter are not
 

significantLy different (k = 100, P = 0.05) usinq Walter-Duncan k-ratio t-test (30).
 

f'orpeanut containiiatiLui with ftugi of tie A. f ruiit grou), ffect i pre-haiiest tolonization ofI, of eocarpsplire tiperature o 

even when over 501% ol tlie ICB larvae thai ,omht-str'ss' . Nl\'ropatliulugia 85:6'9-7..twere colleted flIrniitlioI peants IyAs/,rill/ sflor'o, andsuhseqn'ntallti
hi 1:9
co, lI
4 o IL J ,1iII , 7.


i nlthe field were iat i llx c i ta niii a ted . U n d e r olt, dry 
-1.Cuh'% 1H.J., T. 11. Sanders, It. A. Ifll. and1)I' . B.~ lanslip. 19K5. 

condiiios that are fia,'alilc for bioeiI,(:B iiijiiY to pealut Nlean geoe',rpo;pIrv 'mperatr's that iduice prehanest aflatoxin
 

po(s and fbr poll contatital wi1 Iulgi of' the A.flaurt'ox 'r(Ilrought stress.
With (oIltalnilat io: ofF,caIltis Ii i NlycopathIlogia9l:-ll­

group, ahighierperceit ge of ]a,-vac iight be expected to Ix- .16f.
 
'Il)icLt'es, J. I,S:atl'rwlhitc, :and H.E.Sned. 1973. Aflatoxin
conltaniflatt(twith the I'lliigiis. Coitaininated arv.tserve as J. \_'.. 

conamiated Ianuts produitei i,Nortlh (arolima faris ill1968. J.
 
excellentl c:arrivrs for thme A.flavus group tiugi to ]pealt Amer. Peanut lies. Educ.Assoc. 5.48-58.
 
pods. INvamlilt plantinig ,lte and harvest date little 6. I)iier, U. L., It.F' and I. J (oli. 1982. Aflat:)xihs and otherbad ettit, 


infl ence on the percentage ol4podSi I il ted ill peaiIiits. P!' I'.I'ftee and (.T'.Yong
lid s(cls contfil yIlvotoxis 186-519. i,In. 

with specit's of the A.flartos group or aflatoxin c('litet it .' ('ds.). I'tiea Sellcie'e and IT lH's. Eidue.
echnoloq. Aiier. I'aon\u 

Soc., Yo;akuiTX. 
h(, conlitions of this r('search. I lowevei, the 'xtenut of pod 7. I)ortir,J. \V.,It.J.(llh'. '.II.SandrF, and I'.I).IBlankenship. 1989. 

injury by IC: larvae had a direct f(ftct oii the percentage Inotrrelationlship of kernel water activity, soil teimleratir,', maturity, 
of*seeds contaiiinated with species of the A..flavus group. ai phlI production inprel:m' e,,,itainiation oftoalhxin ,statlatoxin 


More itiportant, peanut seeds f'roii pods .ith only external dronght-sil-ss'd pealluts. NIcopatllogia 105:117-128.
 
and J. I. l)avidson.
scarification had a signiflcauitlv higher percentage of A 8. Iowt'll, IF.E., J. w. I)or'r, II. J. col(, 19,(1.

Alatoxin reductlion bY sr'('teing i~ll'rs stock pealluts. Peanlut Sdi. 
flavus group iiitf'ctio thin, set(Is fr(o ,in 17:6-8.i ijui red pods. 
'Tos,pod penetratiln and sed ilnjuti are noit lecessar for 9. (;raham, J. 1982. Alatoxin in peanits: olc(rr-I' and control. 

enhaniicetdI in f'ect it I(If seeds \vith A. fQueenslanIfii igi of' thel- Agric. J. 108. I 19-1-22. 

',f h .. 10. 1ill,It ., I. I). Ilakenshlip, It. J.(:oh1,,awl T. II. San ders. 1983. 
group. Thefre te o e ( i, thv ro!e of insects in A. flavus grou) Effects of soilmoistir 'id tllleluprtur:iloi pra',rvest itiviasio of 
iuif*'ctio and clitailiiatioii of'visibly Ilinjl r(d setds caiiiot peanuts Itythe .Xwrilluf Jlat.s glollp alldsil.S(vill ahlatioxiin 
be categorically tenitdl, and ilay indeed l lore iiportant d(veloii',nt, Appl.Eiviron. Nicrobliol, 22:629-6:3I. 
thiaii li',\'it ly lte m('t tlh rreIt~Ilmts (3, 1, 10).Tl'hlc retically, 11.Johllsoit,It..,and NI. 1. (.un11l. 19 ITrinte daniage and cro loss
 

studies i Nigeria-the illijl'( o ntl'-scarihel grullt pod:

in incr'ase inthe perc'ntage of' inf'c" ion of' seeds with tI Ioll ilit int.illtiiiiand Iiiarket sailpls. Tr,)p.
al resultitig k field 

A. flaetns grouI ) in cxternally scarified pods sholld lead te an Pst Nigt. 27:3-13-:350. 
increased likelihood for afla!oxin tevelolpiieut under the 12. Johnson, I. A., H.\V. I anlm,ald T.I. Wood.1981. Termite daiiage 

app~r I i at e ( ixi i tir~e t cnditions.Res'arcli is presently a((d crop lossstidies inNigeria--a sum'-y of daiagv to grotiitdnuts. 
itptit. 'rop. Pest \Igt. 27:3:5-3.12, ein condctled to verifl this inptl 

13. I eiwk, I). It. 1,167. IA'ssr cornstalk borer d(ililage tolpeanut pla ts. J. 
Eon. E.iunol. 60:15-19-1551.Acklowle(hrments 

I . I .ilhl (lhoj,IE. , and I). Iarr '. 1980.I., \V.\V. NlcN illial, W . I). (;ithri
T'he authorps IlIr'(ialll to IhIvd ("iwse]a, Janie l)av aln Allatoxm-l-prudting finigi corn: inc(ulum sourc(e1 in ('.xpr in r'ihar'st 
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