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Executive Summary 

The pea l h i n e r .  Lrrrom>m hurdobrenrrs (Blanchard). a m i v e  to Souh 

Amenca spread to Europe Israel and Afnw a a pest in which tk d u l a  are 

refmtor?. to inseuicides. Ledminers are highly p o l ~ p h ~ o u s .  d i n g  nou-6 sd 

vegemble aops  in open fields and greenhouse. F3euuse there are o d y  a h t e d  

number of insecticides thar are efficacious against h e  lmae. ~ n x a ~ c ~ d e  resistance 

problems. elen in the larvae could quickly becorm a realit?;. 

The objectives of this project were lo determine the array of narural m a  

f parisitoids) and the extent of c o r n 1  each exerts on the lea6rmna. to t i a l m  the 

effect of larvicides, md to develop a s t r a ~ q  using paras~toid releases and r m n d  

amounts of insecticides to m t r o l  the leafmlner. Sun-q=s were d u c t e d  m all of tk 

coastal deparnnmu of P m  on 23 a o p  plants for the l h n 6  and narural enanles 

present. Seventeen wasp specles Here collected and mosr u ~ m  idennfied: the moa 

promising were selected for mass reanng. Mass r a n g  technlqua for h e  leaim~nu 

were dedoped:  optimum tenperatures and demities detemined. and faalloes uere 

built. The ledminer and mural enern!. produrnon commenced. 

Trials on the effeds of larval u~ecricides (abamecan cyrontuine. spmsad 

camp and chlortluazumn). bolmcal (.SIPI~KS silprnurra) and b y  (Pae~.!.::om?cs: 

,?iunoscxosew. Bemrwro bass-) on the leafhimi and ia natural enenues a m  

conducted in the laboraton and field. 

Not only wen the objectives of ttus project met but the inforormaoon -gid 

was disseminated to growers. s n d m u  and olhers means of several norishops sd 

through pmentabom at sciennfic m w n g s  

Since the conception of the project in 1997 to the ad of the hmdlng pen& 

there h a  developed a wtse of National intellectual propen) ri&a. The P a u \ i s l  

eovernment is interested in protecting theu native specles. however. hs hmded - 
r e s e a r w s  ability to sample grower's fields - coUecnng p m a  aw reqrurrd m 

sample fiom e x h  Deparbnmt in Peru. Funhemore. d e d  matmal I- 

p ak to id s )  could mi be sent to world - for wnfksion of i d m n f i c m a ~  k 

such h s  necessicared the dmelopment of w o n o m c  expemse. an aspea not 

anticipated in the on@ ganl proposal. While protection of native species is 

laudable. independent verification of ther identit?; is c r i o d  to funkr screntlfic 

advancemau and intellatud e x c h a n ~  on an international level. 



The pea leafminer is a major ecomnuc pest of porno. hems and o~her staple 

vegembles in many parts of South md Central America m k e  gram spray 5-13 

hmes per season for its conml. This pest has recently spread to such distant p l x s  

such as Israel, Europe. Abica M a l ~ i a  and Indonesia (Weinmb and Homuiw 

1995) where it is inflicting serious damage. Intensive use of'hard" or non-dem\r. 

chemicals (carbarnate, organophosphate and p>mUuoid insecticides) ananpt to 

control the adults. This not only results in hgher costs of potaro produalon but has 

also generared seconda~ pest rsurgence of mites and other pesrs. rrcess~ming even 

more chemical appliaions (Chavez and Raman 1987) This vlaous qc le  i-us 

generaled expenditures that many growen cannot afford parbculart!- In the h r d  

world. Funhermore. it produces t o i c  residues whch impair f a r m a '  hedth Jnd 

damage the en%iromnent The introduction of dus n a v e  South Amman pea lo 

Israel. Europe .*ca and Asia has crented a global problem 

.Uthough Linom~m huufobrensrs was ~ d d f i e d  in 1926 in South .Amma 

(Blanchard. 1926). a m ?  of the native predators and parasltolds in Psu \\s ne~er  

conduaed. That the 1- could be controlled by releasing parrmtolds uzs 

demonmated in European greenhouses (van der L~nden I'FII ). however. h e  gwld ~i 

the rcuive Peruvian ~ e s  u s  known such an undenahng had not been conduued 

In I sm1  subsrantial reduaions in chemical applicaions (doun horn 5 to 0-1 

applications pa se;son) have been adueved in porno fields. pnmanly b?. slum 

a w q  horn non-selecnve addticides and irnplemmhng m l ; m u n a r  lanlc~des a 

specific hmes in tk developmental lif-cle (W-b. 2001). The p o m a l  

economic benefin horn developing and min_e n a v e  South . h e n u n  pamitoids 

with concornitant reductiom in hard drrmcal usage. are of msmable \due m 

Perunan farmers. 

The research objectives upre: 

I. Detemrme rcuive beneficial insect y l d  for L h d i r r e m s  m Peru and tk extent 

to which control is exBted bv each spesies. 

2 Evaluate the effiw- of trarslaminar lmicides (new and mmng) on pest md 

parasnoid populatiols 



3 Dewlop aod unplenan an mtegrated m m l  mawg. as such edabltsh m%s 

reanng procedures for the l&ner and then deselop p w t o ~ d  r m g  mahods ior 

mars r e l m  

L ~ n m . ~  hwdobrem~s is one of manr pens h hare competed for 

researchen' anenbon and avalable hmcfing m So& Anwnca Tins pmject a l loud 

Perurian lategrated pest management (IPW) scienmts to mcrease their upacln to 

deal succesfully wth the l&ner pgt b) levrung to idenah la Mturd memm as 

well as the roles played b! the ranous species of panutoids in the manqement o f h e  

fly m potato and other local crops R-chen from a number of drsaplines hare 

been conducnng mals on r anous aspens of p o w  and srrea powto pess d ~ s  

and agnculhnal rechnrques for bean at the i n t m o n a l  P o w  Centa (CIP) llus 

project dobmled w=U uith on going research xt i r  ities on resistant powto r a n a l e  

and prowded among baus for fume r e s d  

The nor el approach developed uith thls g m t  uas to re\erse hs process si 

comran~l) generabng nex usectlcide-resstant pgt speaes br uung the leafminer s 

more beneficla1 specles to reestablish conuol Conuol of the ldrmner u n  be 

ahiered thmugh enhammmt of one or more of these naturallr occumnn beneficla1 

species and by. simultaneouslr replacing general ~mectlcides uith ones ihac ue more 

selectlbe m tk pest Once dus is danommed  m be swreaful. h s s e m w o n  can be 

uorid wide nnce C P  has salelllte research lnnltutes in .*la and 4fnu 

In adhaon m tk US-iUDICDR hnds receabed. dus n-as addmondlr 

supported by the Internanonal Pomo Center and the .4yculhml R-sh 

-on Both mbtutes pmwded addbonal fmdmg m rema of smffsalmes 

and faal~ty m t e n a n c e  In addmon to the formal agreement d e r  h s  -m~ 

addmod  research imtltuhom were mvolbd rn the follou~ng c a p h a  

- .Ageemem between CIP and San Agmm Naoonal Lrurersin I 4reqwpa) IC 

develop the them S e a s o d  occurrence of he L e h a  tl horn\= 

Inrr&rensrs in p o w  and faba bean aops m the Tambo Idle\ 4requpa (Peru1 

From Jub  to Decenber Z a W  

- .Ageemem between CLP and Tumbes Uanonal U~urersip (Tumbes) to derelop 

the thesu Seasonal occwavz of the Leafrmner lk hrrom)r~ hd&rms m 

bean aops m he Tumbes \alley, Tumbes (Peru)" From Julr to December '(XU 

- Agmemem bemen CP.  Pedm Ruu Gallo Nmonal U m v w n  (Lambeeque) 

and V m  Flonda Expenmental Stanon ( b b a y e q u e )  to derelop the thesis 



-Seasonal ~~ of the Leafrmrm fl\ Linorpza hludobrams m bem cmps 

m the Pini valle). Larnbeeque ( P a ) "  From Jul\ to December 2004 

- .Qeement betw-een CTP and Valle W e  Rural lnslltule to devdop the research 

'Fraluahon of selectire chermd and nahlral product w a d e s  to m m l  

meienl stages of LMF and associated parasito~ds in field d o o m -  

S- of hnomyza hrudobrais andparatrror& 

The potato gro\rmg s a o n  1s from Ma! to October S u n e s  u e e  sonducied 

at two hIneS of the ?ear Apnl-Ma\ and Jul\-.4uglat in all 10 maad 

(Table I. F~gure I Poratoes beans and tomatoes \r ere d l \  o u n  in fields oi i -: 
hectares AU otha regables mere usuall> groun in d l e r  plols - O 1 4  25 

hectares All fields mere commercial and insecuctdes \rere applied b\ rhe dlscraion 

of the ~nd~ndual  grouer 

If there mere leafrmners presmt 20-30 lea\ es were d o d \  selmed irom 

the lower panof he plant while walking through the field If no leafmmas ase 

present a nununum of I0 leaes mere collected k \ e s  from d field \rere 

collected in paper bag and nored m a cooler In the everung these lea\es use 

uansferred to plan~c conmners. I5 \ 15 x lo cm h-& m utuch rhe top urn NI awn 

and replaced by a 20 x I Z cm -1 proof screen The bonom &?a I u d  w i h  damp 

paper t ouehg  to rnammn hurmdn lea\ es Here separated b\ d n  paper touelmg 

TowAng w;s changed aer) 2 dabs 

lfno parasitoids emerged before leafmrner pupmon pupae \\ere mlleued ma 

nored m p l m c  P a n  &shes unhl he adult flies or pacmtotds anaged Leases aae 

returned to the m n m e r  afta pupae \rere collected The speas and number oiall 

ma% were recorded 



Table I. Locatiom in Peu  surveyed for the leahkr. Dricrmys h h b r e n r r r  arm I& 

&ated parastoids. 

, 

MOQUEGUA Manscal M0qu-a 1 9 

.AREQrnA i Islav Pmta Bombon 23 
I -Pa c m  6 

Caylloma Vttor - -, 
Canlam M a l e  5 

Camana I I 
IC .A Nmw N m a  * I  

Dkhkl I No. O r S i k S  

Tlrmbes 
I 

9 
Z a r d l a  1 
San Luu de V~challm , 7 
Sullana 5 
La Umon I 
La Arena -, - 
Casalla 3 
P1a1 I I 
Momehr -, - 
Req ue 

. - 
S* 3 
Pajan 4 
Sunbd 6 
ModR 7 
vlru lo 
Cama ). 

Smta 9 
Hu- - -, 
Barranc;i 5 

Lkpvtnst 
TUMBES 

PIIJRA 

LAMBAYEQUE 

LA LIBERTAD 

.4NC..\SH 

LIMA 
Supe 3 

Huaura Huaura I 
Huaral Huaral I) 

Chancav 3 
TACN A 

I 
T a m  T a m  20  

Sama - -, 
Locumba 1 

Tumbes 

Pata 
Sullana 
Sedlura 
P~ura 

Chclavu 

Ascope 
TNJIIIO 

vlru 
Casma 
Santa 
Huarme?. 
Barranca 
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Figure I .  D e p m  along the coan of Peru (light dored  -) uiuch 

were sun-eyed for L ~ r ~ o m - s  htdobremrs and in paranto~ds~ 

Parasitoids h m  five families. Eulophidae ( I I qmies). &acwdae (3 

species), Eucolid~ (I species). hemmalid= (I species) and (Elacheme I spzos l 

w a e  found were throughout the c o d  regiom of Peru (Figure 2). Euloptud 

parasitoids were predominant in the south, especially in the d e p m  of Tans 

Rmnralid paraatoids w a e  predomimnt in the north speoally in depaimuu of 

Lambayue. The department of lca h;d the most divenip of pansitoids. uifh 3 tord 

of 15 species 
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Piura -1 

Lima 1 1 

Arequipa 1 

o Eulophldae rn Ptemrnalidae o Cyn~pldae 3 BracorMae 

Figure 2. Families of pamitoids found on hnmj-s hdobrensu lo &IT- coanl 

depamnents in Peru 

Of h e  17 of parasnoids f d  there werc 7 Lomotnod (a paw& 

dewlopmg m a host rhar conmues to be mobtle and able to defend lwlf hons ttpl 

are larvae often are not hlled und tbe) have prepsred cnpac plpcpoo mtmats) 

specxes (C ma. C /lacrlla. H ardwne. Gmaprrtrwn sp and 3 \pl to be ~dmfied  

b-d v e s )  and 10 idobiont (a pam~toid whose host a radaed irnmoblk 

the parmt of the iboblon~ and the said hast IS consumed m the lcca~on and stag 11 r 

m w h e o ~ k e d . o r i u l e a a m a ~ l o c v l o n t o a h & t t r e ~ o f t h e ~  

has moved 11) (Chymhms sp . D wehsrer~. D kgm. 2 Chp~anorom~ra rpp -I 

euloph~d spp and ZQ~TMMIM(YM rp ). Figure 3 Of mte. ass the fad rha m the far 

north Tumbes. there was almost 50% of each tye. ullereas Qawail\ here uere 

more kombiont spenes found throughout coastal P a u  

9 
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Tacna 
.. 

0 20 40 60 80 10C 

--- - -- 

Koinobionts ldiobionts 

Figure 3 Komobiont and ~ d i o b ~ o n t  spmes found on  parastoids of 1ir:om;z~ 

hwdohreruls in hfferent mstal depamneus in P a .  

There were dear dflerences in the n u m k  nd V e s  o f  parantolds found on  

different leafmner hon plann. Tbe predornioate pararimids tbro+u F'eru m e r e  

C-&ock~s ~.ar~bea. C llacilh Holricopiera nrduine. and D~gij-  wbsrer: 

(Table 2. Figure 4). Halricopem onfwne was recoverad from all o f  h e  culn\ated 

p l m n  and a= the spmes with the widen distribution in Peru. 

10 
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Searonal populanon flucnumcvu In Peru 

Tlus stud\ was m e d  out m porno fields m La Molina from \la\ !lo 

"lorember Three mmmernal fields (Antanlls R ~ o l u a o n  and To-) atre 

aaluated dunng the sum winter and spmg swons .Arnanlls \\as plarued m ik 

auturm. and Revoluaon and To- rn the u m m  Earb fieid w-ar dnlded m three 

sectoa and samples of ?O lmessector mere collected L e m s  were ralen to the 

laboramp to obsave and munt m x q n g  l e a h n e r  aod psraamds adula sampkd 

Adult populahon was rnooltored wih yellom mcL: traps (20 x 10 cm) 4 trap m-as 

placed m each sector (3 ~ q d f i e l d )  Fields were mmagsd m r d m g  IO mmrd 

gromer ptachces for the area 

The l edmm~ prssure recorded m 2002 reprerand ik nonnal rrad of ik 

populatlom d>mamlc in the wan  of Peru Adult popllaoon p d  occurred m ulnm 

(July) aod spring ( S e p t a ? ) ,  wth 9075. 15775 ad 17038 adultdm m Amdu 

Revoluaon and Tomma baneues, mpecnbel> These pe& colncldd u ~ t h  

phenology age of the porno m p  There a-ar a re land \  slow wrrase dwmg the 

begetaore gm%.th and a mp~d and sunauKd augment dunng floaenng and KISUNB& 
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followed by a decline m plants m t a  into sareuznce (Figure 5).  Similar popula~~on 

trends were noted for each year (data not shown) 

Pnrarinm: Level of parasitism was very low due to the excesGve u of nrr 

selective i d c i d e s  (mahamidophos). After lnsectiode applidlom mere slopped m 

theses fields. the leafnuner fly population i n c k  followed by an augment m dw 

rate of parasitism by indigenous paraatoids. Only five species w a e  rmvered m k 

fields (H mduine. Chysochans sp.. D~gIvphu websferr and Ganapd~wn sp ) 

When little or no insecticides are used p&mm of L.W l m a e  dunng Hinter 

( April-Augmt) varies from 35% to 55%. But m early spring (Seplemba) totd 

parasitism increases steadily unul later spring (Xovember) when percentage o i  

parmlbsm is near 100?/0. 



Figure 5 Seasonal populatiom of L ~ r ~ o p - s  hwhbrenrrs m three commercial 

varieties of potatoes. P - pl-g F - flowering H - hmemng 

Survey oiLinomyza huidobranis mdprracrror& :n lsraei 
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Survey of L hurdobremis andp~~asrrords m Israel 

In Israel. parmitoid species were suneyd  in two major potato gmwmg ares  

the western Negev and the Tel AvivCRsh Dan e o n  Plaots were sampled +- 
by vacuumsampling and by collecting 10 plaots from each field throuehout he 

gowing season (September - June). In tk laboramr?;. plants were d i \ d d  d o  

parts surbng from the top 6 leaves the nuddle 6 leaves and tk olden remauune 

leaves. These sections were placed m paper bags and kept a a r m  mqmanm tca 

25" C) for a m i m u m  of 4  weds to allo\\ adults to merge 

Results of the field survey of L hW&bremu infested potato plan& IS b \  

vacuum collection IS shown in Table 3 A total of 11- species sere recorded. .A 

grearer varieh. of species were found in he wenern  Negev: potato IS one of dr: 

primary autumn-spnng crops and fields are usuall! se\erd hecwres in sue  

Table 3. Pacent of paragtoid spec~es collected by vacuum sampling p m o  fields 

beween 2002-200.1 

W h  the l eahne r  was first found m Israel the onl? paragtold found u s  

h g l p h  m a  (Wembmb and Homwirr 1%) At tk begmmng of thrs sun-. 10 

)em after L huldobreals am\ed m Israel. D rsaea w s  tk prdommant but not 

erclusve parsnto~d Whde all of tk paratoids m Table 3 & dr: ledimner. od: 

7 speoes (Table 4) wwe found rmergng from pupae .An Opus sp was a 

predommant parin~to~d in 2OOI m tk CRUR d w e a n  Neget worn 

I speck 
DrgII- rsaea 

, D crassrnems 
1 .Veochtyochrurs .fonnosa 

! oplw sp 
Pb~&rlur m p [ t r o ~  
Pnrgalro soemus 
C&~ochar~s pentheus 
Henupranenus xlnhrrebessr 

cater 1 W~~ 
4 8 4  i 6 4 4  
16  I 0 6 

1 3  
- 7< --- 

2 6 I 19  

1 I 3  
7 9 3 1 
4  8  0 6 





.Urns rearing of Driom>=n huiaMrenrrr andpvus~foi& in Peru 

Once it wrzs established thac the leafrn~ner could be a i l !  rexed on b e n  

plants. a mars rearing technique was developed. Various life paramam of he 

leafminer were daermined to optimize he condihons for he mas rearms The 

effects of tempe-r;mne for first e x a m m i  Females were held lu 5 difiaent 

temperatures (15, 18.20.22. and 26" C) and the number of eggs lad. facdm: 

plmdures and longevity wwe determined. Bean seedling were used as he hoa p l m ~  

Polyethylene vases (1000 cc) were used as LMF r m n s  chambers. On he top. 

had a hole (6 cm diameter) IO pennit the p of air. h i d e  each vase a hrbe oiglaa 

(50cc) was introduced. It  was filled with water to keep he plan1 al11e dunng he 

experiment. 4 couple of recmtly emergency flies wwe released within Bch va5e  

The leaves were dansed e1-en 14 hours until LMF females were d e d  The number 

of f e e d i i  plmaures eggs and the survivor of females was evaluated 

Trials were replicated with at I- 20 females 31 e x h  t e m p e w e  F 1 1 s  

were held at ditrerem demities 12.4.6 or 8 pam). and the number and ua&t o i  

pupae were determined. 

The &mum number of were laid at 18" C: a total of 169 egg a~ a m e  

of 5.5 per day (Table 5 ) .  However. at hs temperamre peak ovlposloon d1dn.1 m r  

until 16 d+ after oviposbon began At 22 and 26" C. peak o\iposinon m n e d  a~ 

day 4. llus colnclded with he peak number of feedlns punctures an the l a v a .  3 15 

and 459 for 22 and 26" C. mpemvely. 

ln the l a b m o p .  under conuolled temperarure (2O"C). four d~ffaau d a n l t ~ a  

of LMF infestahon were evaluated As ;n dstanon uni~ a plot with fib-e pknu of 

bean (Yic~a fabo 30 6 . s  old) was considered ln a rearins age. a x  plots were 

m g e d .  Couples of m t l y  emerged LMF male and female aw separated 

Densines of L 4.6 and 8 pain by plot were r e l d  inslde & reanng cage. wth 

three replicates per d a m p .  E v w  three days ldwing I4 day). plon a w  m w d  

h m  he c q e s  and taken to the greenhouse. to complete h e  L.UF cycle .4Aa II 

da)l. pupa2 ww recovaed. 





Nuder and weigh of pupae are s b o d  m Table 6. The hghesl pupae 

production was o b t d  in the treaunent uith 6 and 8 wuple.hon w~ (584 i  md 

5429 pupae ttqmavelv), without finding di f fmces  betwem than A dear psiti\* 

relationship b e e n  the u&station level and number of recovered pupae was 

observed. On the opposite. the relationship behvem the number of recovered prpae 

and the &@pupae uas negabve. 

Table 6 .  EB production and adult emagmce from Merent par  daaities of 

L i n o m ? ~  huidobremis on bean plants. 

Based on the results mas  r a n g  1s no\\ bemz conduaed s fo l lo~s  

Faba bean (ficro fobo) pllnts are grown m scredouss ~ m d a  m wnmdled 

codtlons in plast~c pot four seeds are planred m a 1 1 I m w e  of SOIL s a d  and 

moss P l a n t s a r e ~ t o L E e ~ ~ w ~ t h e s t e r m a r e ~ p m ~ l ~  20cmldl 

The nme req~ured to &e\e ths s~ze band m the dtfferem season bemg bemen 3 1  

d a y s m n m u 1 l a ( 2 5 " C ) a n d M d a y s m ~ ( l X )  MOpotswwepreparedeacb 15 

days Inf'on of leafuunen takes place in a r a n g  room af 2tPC Line reslng 

cages (55 a n  w d e  Y 100 an long Y 75 an tugh) are lrsed for produrnon ten pots aith 

faba bean plants are placed m each cage. 300 -1) merged LMF adults r nu\& s e \ l  

arereleased Ewrydnee&(bneeames)pots.arerepbcedwthnmplwts The 

~nfested plants are placed m another reanng room at 3 ° C  for 4 da>x 10 oomplae 

larval stage (part of ths l m a l  production 1s lrsed to rear parantolds colmes) MIX 

dm, plmts are cut on the bottom and lad mto p l m c  wnmnen cowred sard to 

facalwte the barvest of prpae 



Four commercially faba bean (Yic~a foba) seeds were planted m 10 s 10 cm 

pots and held on greenhouse benches for abut 20 days. In a rearing mom (-XPC). ns 

pots are exposed to adult ledminers (3 da>.s old) m coloty cages ( 5 5  wide \- IO!) Imp 

s 75 high m) for o\iposmon After 24 hcurs, plots are removed h the cages. 

Plants conlamng late second to early thud instan are exposed to dul t  H mitune 

(300 adults) in parasite colony cages for 48 h. After 20 d+ to 3°C.  ar a\- of 

3500 adult parisitoids are recovered per cage. 

Additionally. colonies of the following parantoids are bang minrarned 

Endoparasitoids: C~so~'hnrrst7ocrllo. (1 carrhea. C h ~ a - h : s  sp. Opus sp 

Ectopamsitoids: Drghphus websterr. D. begrm. 

Tnals were run in field potatoes (m Peru) ad in poned plants (m Peru ad 

Israel) The field mals (Peru) ~ncluded h e  follouing lnsealc~des n ~ o m a r ~ n e  

abamectm dorfluazumn and canap The mpenments on the effecc of am- 

abamectur chlorfluazuron canap. and an absolute control (no m s a a c ~ d a ~  on 

l eahums  w x e  c d u a e d  at CWs HQ stahon ~n a writs searon (Juh-Oaober 

2002) C:~omanne and abamecon were the rnos &ecn\e lmectlcrdes q a n s t  

I- lanae ~ 7 t h  0 6 and 1 9 1 8 r v a e 1 e a f ~ ~ e l ~ .  15 dars aAer 6m sprar 

The m a t s .  spinosad and a b a m m  msed Ate plam od regsrered an a\erage 

of 6 5 and 15 8 l a n ~ l e a f r q e c m e l ~  No s1g1~6c~nt &ff- m Rvnber of L .  

lanae were obsened between chlorfluazuron (35 8 lanaeleaf) and the heck 134 2 

ImadeaO In the second sprav. cyromanne regmered 0 9 landcaf 15 &% a h  

spra) No n w l c a n t  differences were found betueen 3barwctm (4 1 IwaeleaO 

abame3m + v-le 011 (6 5 larvadeaf) and spmosad (5 3 lmae i l svp)  (f~gure 6) 

llus stud\ I d s  m to conclude tha c?Tomaune. abamecnn and s p m o d  can be 

alrmmed for bener ledimw conml m the field 



Fgum 1. En&t of insecticides on LMF inkstrtion under (ield conditiuu. La 
MdinaPeru. 2002. 

15 @a*% aner 6rY spar  I: days aner second w a ,  
~-- .~.  . .  . 

The erperiment was conduded a CIP's HQ statlon m Lima (Pa) m 3 wlnm 

potato a o p  (July-November). Treumenn ~ncluded qromvllne 1Tn-evd :!PSI. 

abamgtm (Vetimec 1.8CE). chloduazuron (Atabrcm 5CE). canap (Pad81 WPS). 

spinosad (Tracer 120SC). imidaclopnd (Contidor ZOSC) and an absolute conrrol (nc 

imecticide). 

Erperimnral &sign- A randorwed complete block des~gn uilh feur 

replicates. Eqmhmtal p l w  had 6 mw mide with 20 m long d (105 d) P i w  

were mated 60 6 s  aRer pianhng with a motonzed backpack spmer at a rate of?*> 

literha The four meal rows of d plot were oamdaed for m-duaom. 

Smnpling m e r f i .  - Samples were mllected from the four central rens Fne 

leaves by plot were randomly mlleded and taken to h e  l a m  lo emagnce of 

LMF &I& or pararitoids. Collecbons were done 0. 4. 8. I? .  16 md 20 d~ afia 

spray. Srmisrical mral.mls. - Before smimcal analyr data were traafonned ( s q w  

root + I) and anal+ using I-way analysis of van= (.4NOVAI M e m s  aere 

separated by Waller-Duncan tsr (P4.05). In orda u, a m e a  monalih. diffmencs of 

larval infestation before application Abbort's formula wac used 
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C.~TO& was the most effedive insecticides mth a higb lanal m o d i n  

until 20 d a ? ~  &a sprq, followed by abamecnn and spinosad (Fi-rmre 7). The 

pamitoids complex comnsted of 8 species: Pteromalidae (Holncoprera &ne). 

Eulophidae (C'hwxhorrs zoribea. C flacilla. Dig!v@tu u.ebsrerr. D 5eglnr yd 

C k ~ o ~ ( m ~ v i a  sp.). Cynipidae (Gamrpd~um v.) y Braunidae (@nus sp.) Before 

and &a applications H ardurne seemed to be the most imponant pamitold on the 

field. The parasitoid population was reduced by chlorfllllvuron canap. sp&. ad 

lm~dacloprid until 8 de-s after application. Twelvedays were needed to reco\a che 

n o d  level of m i t o i d s  in these treammts. Ectoparasitoids (Dtglphu spp and 

ChnJonoromya sp.) were the most susceptible to chlorfllllvuron and irmdaclopnd 

applicauons. Both the amount ditiduals by specie and the number of s p e s  were 

affected by q~omazine. In the other hand the opposite results Here shoued b? 

abamectin. Tlus SIU* leads us to conclude drat abatnemn and splnosad caa be 

dtemared ~ i r h  cyromazine for bener LW control in the field a d  rnamtamng the 

pamitoids populmon~ 

The effect of h e  botaiucd lrsecticide ~ C ~ ~ I ~ I L S  sopnarra on levinin6 adults 

HZ evaluated under lab mditiom in Peru Crude e&mol exmas of S a p r h  

saponarla (Saptndaceae soapbq tree) h t s  (Figure 8)   ere ob& Thrs 

bomical has previous& been shoan to have ~rse~tltidal actlrit\- ( A l o m o - . W t  a 

d.. I W L  Three concenuaiom of each e m u    ere applied on p o w  planu in che 

greenhouse plants were put imo rearing cages and LMF adults released EtTgl on 

adult f&g HZ evduaed. Potato plants spr;n-ed ~ i r h  ethanol e x c u  of S 

saponana fruits showed 4 7 8 K  less leafminer feeding p u n c t u ~ ~ .  23 4% 

o b e d  in crude extracu. .Wore tesu are -q to consider th~s mural @UC: as 

an a lmanve to pnthetic chermcal formulatioo q a m ~  LMF adults. 





F i - w  8 & m h  sapmunu h i t s  and leaves 

Effect of rwo mains of Parcilom~~rsfumosoroseus on leafminer adults were 

evaluated unda lab conditions in Peru. Fungus concentratiors (108. 107, 106. 105. ICU 

and 103 conidiaiml) in water suspension were evaluated for two ;solares of P 

~~ and one of Be-ria barriam by exposing adults to coaidial suspension. 

A completely randomized design was used with seven treatments (6 wncentraoons plus a 

control) and ten repiicates of 10 qXCimen~. Medium i n f d ~  concentration nCSO) wds 

estimated. The infectivity was estimated as the medium infective concernion (IC?:,. 

being 4.79 x 10' conidialml for Pmc~Imqcxs  fwMsonrreur L 1 01 x lo9 collididrnl for 

P a e c i l o m ~ ~ e s f u m ~  11 and 380 x 10' conididml for Brmwna bara~mo 2 I0 

The most promising sbain was P . j m m o m m a  I, which is the only one ha! s h o d  

some activity even in low mmentrarions~ 

24 
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In Israel. potted bean plants were treated with three concentrations of sploosad 

(Tracer, imported to Israel from DowChemical by Agrochem. Petach T i k a )  either by 

soil drench or by leaf dip. Bulgarian variety beans (Pheolus v u l ~ s )  were seeded in 

IO-crndiam. pots (46 per pot) with holes in the bottom. in soil consisting of equal pans 

peat moss, vermiculite and sand. Plants were gown at 23 5 3" C. with a photoperiod of 

14: 10 (L D), until tu-o m e  leaves were hl ly expanded. unless otherwise stated In alf 

trials. plants were placed for ca. 3 h in a cage with a small number of adults From the 

stock L. huidobremis colony The short oviposition access period allowed for 

synchronous egg hatch and subsequent larval development. ARer oviposition plams 

were removed and maintained in a growth chamber at 23" C and a photoperiod of 14 112 

(L:D). In trials involving treatment were counted immediately after pw um 

removed From the stock colony of adults. In trials involving treatment of the three stages 

of lame,  the number was counted immediateiy before treatment by u s n ~  a a- 
microscope with sub-stage lighting 

Spinosad (Tracer) was used in all bioassavs and was applied to the soil or lea- 

ofbean plants. In the leafdip trials. soil was first watered to runof. and then cotered 

with thick layers of paper toweling to prevent spinosad dilutions from dripping off the 

leaves onto the soil, and thereby causing a systemic effect l 3 e  leaf dip consisted o i  

wafer c o m l .  24 ppm. 48 ppm or % ppm active ingredient ( a i  ) spinosad Leaves were 

dipped for 10 sec. For the drench plants were watered 2 days before spinosad 

application. Sod was drenched with either 200 ml water (control). or 200 ml comainins 

12 mg a.i, 24 mp a.i. or 48 mg a.i. spinosad Plants with eges, or fim second or third 

instar larval ledininers were treated. To avoid possible advene effects fmm the larvae 

being crowded on the leaf and n r d  because of inadequate food only leaves Mth less 

than 10 or larvae were used. The number of individuals surviving to the subsequent 

stage was counted until pupae emerged. Paper envelopes w-ere fashioned around leaves 

at last third instar to catch falling prepupae and prevent them from falling onto the soil or 

being lost. Pupae were placed in Petri dishes to observe adult emergence Each trial was 

repeated until a minimum of 70 individuals were treated per concentration and 

application regjme. Percent sunival data were transformed by arc-sin before analysis~ 



Data were analyzed using two-way analysis of variance (.AXOVA). and means werr 

separated using Tukey's HSD quantile function, using JMP 0 la ( I  1 i 

For the leaf dip (Figure 9, LE, LI, L2. U), all three concentrations of spinosad 

were most efficacious when applied to the e g  stage (df = 3.99. F = 290 0. P < 9 KQl i 

Death occurred primarily in  the first i w ,  p r a m a b l y  shortly after emergence from the 

eg since observed tunnels were usually less than 3 mm long. Only ~ i t h  the !ON=: 

concentration did some first innar larvae survive to second instar With treannents at 

successively older larval instan. the spinosad was slightly less efficacious. onl? rhe 

highest concenwtion was significantly efficacious when third in- larvae were treaced 

(df = 3, 117, F e3.57. P = 0016). Results of the soil drench are s h o ~ n  in F i ~ r e  i:? ID€  

Dl, D2. D3) ln general, larval response (mortality) to the spinosad soil drench was 

slower: this because the insecticide was being d e n  up by the plant and acted in a 

systemic fashion. When the soil of plants with leafminer eag was drenched. 80-90.0 of 

the first instar larvae were killed with the two highest concentrations. however ~ I L !  :he 

lowest concentration only at the third instar stage were > 95% ofall m e d  lanae killed 

Treatment of the third instar larvae yielded significant results i d f -  3. '3. F = 46 65. P .; 
0.0001); however in the lowest concentration ca 500'. ofthe adults sum~ved 



Figure 9 S U M V ~  a w e s  after leafdip ofbeans comainins leahniner eggr (LE). firs4 
(Ll),  second (L 2) or third (L 3)  instar larvae Conad (solid diamonds). 24 ppm (open 
square), 48 ppm (open mange) &id % ppm cS) 
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Figure 10. Survival awes after soil drench ofbean plants containing leafminer egg 
@E). fim @I), second @ 2) or third @ 3) instar larvae Control (solid diamonds,. L: 
mg (open square), 24 mg (open triande) and 48 m_p (X)~ 
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UI. Impact, Rdcvrnce, rnd Techndogy Transfer 

Although work on the leafminer has been in pro-press for many yean ax CIP in 

Peru, the general approach has been on developing resistant potato variedes. .4s a m l t  

of this USAID-CDR project, a systematic approach was undertaken to daermine the 

extent of the environmental and botanical (in terms of economically important crops) 

range of this pest and the associated parasitoid guild. The findin9 in rhis nudy therefore. 

serve and a concrete basis. a base line. for hmre  research. 

Kow that the guild of parasitoids is known and the most effective maintained in 

culture, CIP can move into production and disaibution to Peruvian prouprs The 

leahiner is maintained at a level to support commercial production oione parasiroid. 

Halt~coptrra mrlrrine, which is deemed to be the most generally effeaive. SAgal inher 

parasiroids are currently maintained in colonies which can be expanded and diaributed 

This parasitoid, H. mrlrrrm, in combination with the mla from the insecticide 

studies, will allow prowen to control the leafminer and significanrly reduce the use of 

insecticides which are partiarlarly demct ive  ro bioloycal c o d  agents The d t s  of 

the trials over the past 3 yean have been distribured through publications. woddwps and 

personal contact with key growers 

This project has d i r d y  impacted d i r d y  on a number of indibidualr and 

institutions in P a .  A number of studems. who worked on Mnous aspects of this project 

-primarily in taking narional suwey dara. were supported and have gone on ro complete 

their degrees: 

- Silvia Castro, Biolosjst student. .A-pian National Universiry. Lima (Peru) From 

June 2004 to .4pril2005 

- Vilma Hualla. Biologist student San .+*stin National University. .bequipa 

(Peru). From April 2003 to January 2004 

- Sandy Prudencio. Biolocjst student Federico billareal National L'niversiry. Lima 

(Peru) from July 2003 to April 2004 

- Dennis Erikson Biologist student Swedish L'niv of .Agricultural Saencer from 

October 2003 to January 2004 

- Margot Hu~cho. Biolosjst student San \larcos National Univers~ry. Lima (Peru) 

From June 2004 to September 2004 



- Nelida Lewa, Biologist stud en^ Federico Villareal National University. Lima 

(Peru) From July 2003 to April 7004 

In addition to the students listed above. one woman received particular suppon 

and is currently writing her thesis on the e f fea  of the primary parasiroid on the leafminer 

Sandy Prudencio. Biologist stud en^ Federico Villareal National Univgsity. Lima 

(Peru). Thesis: Biologia, comportamiento y establecimiento de un modulo de aianza 

de Hdticoptera arc6rine (Hymenoptera:Pteromalidae) parasitoide de Dn-P 

huidobrensis @iptera:Agromyzidae) From 26 April 200.4 to 24 July 0 0 5  Her 

results will show just how efficacious the parasiroid is and will be published in such a 

fashion that growers will have the results available to them 

.As listed in the Research Objectives, a number of institutions have b e m  invdvet i  

tangentially, in this research. They were contacted for the national survey This con= 

has served to strrn_@hen ties between institutions and generate cooperaove rrsearch 

efforts. 

Now that the project is complete, CIP has gained atensivelv in materials aod 

experience. The material benefits are listed below. the experiential benetits are iistm in 

Project ActivitiedOutputs. 

1. Built three rearing rooms with the following dimensions 2 5 1 m hi-& 2 46 m wide 

and 4.55 m deep. Each one has air conditioner equipment (York). model 15(OC11P16A; 

with 12000 B t u h  cold only, 1-08/130/1!160. split svstem 

2. Nine insect wood cages of 55 an wide x 100 a n  Ions x 75 an high 

3. A Microprocessor comrolled low temperature illuminated incubator (modd  813. 

Thomas Scientific) 

4. Three Olympus stereoscopes (model SZ404S) ~ i t h  light sources and all 

5. An Olympus digital camera (model C4040) with adapten to nereorope 

6. Two steel Comell cabinets (2500 Series) with 12 Cornell drawers each one. and with 

Cornell unite pinning trays complete 

7. A Comell open-faced cabinet for 12 drawers. tinassanbled (25 12KD model), with I2 

Cornell Tray for vials and complete unit trays and unit blal tray with partidons 



8. A countertop open-faced cabinei (21 06KD model) for 6 drawers. with all 

supplementary 

IV Project Advitia/Outputs 

.-I. .Weetjngs 

The first meeting between the participants was held 13 - 18 Octdwr. 2002 at the 

CIP headquarters in ktolina. Peru The Israeli team bisited with Dr Lagnaoui and Dr 

Mujica and toured the facilities there, and observed the on going field mals Dr 

Weinuaub _pave a lecture on the leafminer tly in Ismel. The followinn ruo dak~  the Israe!i 

team traveled ro and toured the Canente Valley with Dr Mujica. a major agrimltural 

region in the southern area of the Depamnent of Lima This is the only valley that has 

water, because of the Canete River, year round. Two @cultural schools. a rrsearch 

nation where beneficial organisms are produced for release in biolo@cal wntroi 

programs and, of course. the field research sites were visited. Sewed w r a l  enemies 

both predators and parasitoids. were observed .Additionally we observed g-owers 

implementing the use. developed by Dr. Mujica. of an effeaive physical control mehod 

Yellow plasic sheets. covered with vegetable oil. were carried through the :ields uappln: 

thousands of leafminer flies. Stationary yellow traps (50 x 50 an) were employd in 

other tields in the area. The following day we traveled north of Lima to the Chana:llo 

Valley in  Huaral, another la rv  potaro yowing region Ha-e pocato harves~ in addition to 

visiung several fields were observed. Returning to Lima there was a follow-up meeon% 

rebiewing the work accomplished and future mals were discussed 

The second meeting between the panicipam was held 6-8 December 1W at the 

CIP headquarters. At this time Dr Phyllis Weinbaub met with the new diredor Dr 

Jurgen Kroschel and Dr Norma kiujica. We reviewed research p q r e s s  

Unfortunately due to the political situation the Peruvian team never uadd to 

Israel 



a Training 

I .  Of CIP personml 

2002 
I Curso de Emsistema de zonas aridas. 27-3 1 M a p  2002 M a m a  E c o l q a  Aplicada 

de la Escuela de PoaGrado LXA 

2. CUM de Emlogia Cuantitativa 12-19 Julio M d a  Ecologia Aplicada de la Escueia 

de PoaGrado LT.4 

2003 
1 Individual training about tritrophic interactions (Plant-pest-parasitotds). Cenm de 

lnvestigaciones Entomologica de la Facultad de Ciencias Exactas. Fisicas \ Sarudes  

Univenidad Nacional de Cordoba Argentina from 24 to 28 Febnr- 2003 

2. Course: "Herrarnienlas moleculares para el estudio d r  la diversidad senerici'. lo-:? 

Nokiembre 2003. M d a  Emlogia Aplicada de la Esarela de PosrGrado LXA 

2 0 4  
I .  Insect Rearing Workshop, March 21 -26. 200.1; %{isissippi Stare University. CS.4 

2 Course " M o d e l h i o n  en Sisternas Ecol~jgicos'' July 5-9 2004. LYALM. La M d i n a  

2. Trmruq Acmtmes comple~ed (worWops. ~mrlv& munmip. s e m ~ m ~  p & J  h 
CIP 

1 .4 workshop for soci-nomic evaluation and identification of LXff species and 

parasitoids was held in CIP Lima to Mtional organizations from P a ,  behwgn August 3 1 

to September 3,2004; with 13 pardcipants from- Tumbes (Tumbes Sarional L-niversin~. 

Lambayeque (Pedro Ruiz Gallo National Univusity), Arequipa (San Agustin National 

Univenity), Barrauca (Pativilca Irrigation Committee) and Caiiere (Valle Grande Rurai 

Institute). 

2. Individual mining about identiiicacion of L.W parasitoids to Laura Sifio from 

FONAIAP (Venezuela) was conducted in CIP Lima 



3. Gmup training about LMF waluations in the field and identification of  paraptoids 

was held to government organizations PRONP.4 in Cochabamba (Bolivia) and &LAP in 

Carchi (Emador). 

4. Individual trainings to undergraduate students about LLlF and parasitoids e\aluarions 

in the field were conducted in Tumbes (Tumbes National Lrniwnitv), Larnbawque 

(Pedro Ruiz Gallo National University) and .4requipa (San -4gusrin National L-nikmit! r 

C. Publicafions cndpenrr 

1 .  M u j i q  N. (2002) Development. inte-gation and promotion of Inteerated 

Management component o f  LMF. Activity Report. period January 1.2009- December 

3 I. 2002  International Potato Center. 16 p 

7. M u j i q  N. (2003). D e v e l o p m a  integration and promotion of  ln-ed 

Management component o f  LW Actiwty Report. period Januarl\. 1.1W3- December 

3 I. 2003 International Potato Center, l l p 

3 M u j i q  N Esplnoza. J Lagnaoui, .A (9003) Inteipac~on de clones reslstentes e 

insecticides selectivos en el rnanejo d e  la mosca m i d o r a  Lmony-s hurjohrem~ 

.4bstracts o f  XLV Congress of the Entomological Socien. o f  Peru. 1-5 December -'Mi 

Ayacucho ( P a )  p 161 

'4 Zevallos. R., Mujica N. and P Weinnaub (2003) E f m o  d e  la temperaxura en !a 

oviposicioq alirnentacion y longevidad d e  Lrimy-9 hu&bremrs (Diptsa  

.Agromyddae). Abnrans o f  XLV Congess  o f  the Entomological Sociery o f  Peru. 1-5 

December 2003, Ayacucho ( P a ) .  p. 159. 

5. Mujicq N., Ldva N., Prudencio C.. and 0 Ordz (9003) Efeao  de i ~ i c i d e s  

ss tkmims y tramlaminares sobre Lri- huidobre~s (Diptsa .  Agomyzidae) y sus 

hymenoptera parasitoids. Abstracts o f  XLV Congress o f  the Entomologid Swiety cf 

Peru: 1-5 December 2003. Ayamcho P a )  , p. 1 38 

'6 .Mujica. N., Weirmaub, P., Hualla V. and C Prudencio (2003) Disnibution y 

diversidad d e  la mosca d o r a  Lri- hurdobrensis Blanchard (Diptera 

Agromyzidae) em bospedaos mltivados en la costa del Peru .Abmacls of XL\l 



Congress o f  the Entomological Society o f  Pew. 7-1 1 Novemba 2004. Arequipa (Peru). 

p. 61 

7. M u j i q  N. and A. Lagnaoui (2004). Efecto d e  la densidad d e  adultos de  Hdncoperu 

arduine (Hymenoptera: Pteromalidae) en el parasitism0 larval en I -~r~cm>-a h u ~ h h r e t l r ~ s  

mpte ra :  Agromyddae). III C o n g m  Latinoamericano d e  la Seccion Regional 

Neotropical d e  la Chpnizacion International d e  Control Biolo@co (OlCB). 24-25 \la:c 

2004, Havana (Cuba). Abstracts p. CS.4.7. 

8 hluj~ca. N (2004) IPM for the Leaf .Miner Fly (LhfF) Acn\itv Repon  pen& 

January I ,  2004- Decemba  3 I ,  2004 Intexmhonal Potato Center. 17 p 

'9. Weinnaub, PG.  and .Mujiq N (Submitted) Systemic Effects o i a  Spinosad 

Insecticide on L i r i ~ i n - ~  hu~dobrensis Larvae. Phytoparasirica 

'indicates joint Peruvian and Israeli authorship 

.Mer the project proposal was written and submitted. work continued in both 

countries. Between 1997 and 2001, when the project was tided a number of 

manuscripts were published by the Israeli author. directly relating to the proposed uork 

(Weintraub, 1998-200 1). Additionally, during that time. in Israel the leafmiaer b a a m e  

effectively controlled by a guild of native parasitoids While it was observed b:- g o w e n  

and researchers that the leafminer was causing less damage from 1998 onwards rhe cause 

was nor investigated. As a result o f  this projetx a g i l d  oiparasitoids was idenritied b u ~  

because the leafminer was no longer m i d e r e d  a serious pest as ir was at the time rhe 

proposal was wrineq the project gods  on the Israeli side suffered. \%'hen there are no. o r  

very, very low field papdations, research on i n d c i d e  efficacy is equivocal - statistical 

results can not be obraiwd and publication is impossible. 

On the Peruvian s i d e  the project accompIished all of the stated pals. and then 

some. 4s was mentioned in the Executive Summary, parasitoids could not be sent to 

foreign e m  for taxooomic identificatiodvdidation. Thedore Norma Mujica was 

trained, and gained sufficient experrise to idenrifv most o i t he  Peru\ian species. although 



validation by an expert, such as John LaSalle (CSIRO) should yet be done .4dditionally. 

the proposal to control the leafminer by the introduction of foreign predatorsparasltc~dr 

could not be considered 

"In the third year, the mon effective parasitoid(s) and predators. as 

determined by the pmious  years' work will be released w 

au-gnented in the environment. 7711s m q  irrclude rrrnorlicf~or~ cf 
r ~ p ~ t o ~ d  d p r e d n r w  pcres .  Monitorinp will 

continue as previously described to evaluate these effem Carefull!. 

timed insecticide applications will be made as determined by the 

necessity of connol " 

Crl Future Work 

Our work will be approach to research the use oibeneticial o r -wims  and 

botanical insecticides to control leafminer fly Some -dies involving botanical e m a c n  

like chinaberry nee (.Lfelra uzeduach L ,Xieliaceae). L i p r c z  mclr~frmz L (Liliaceae 

(Civelek and Weintraub, 2004). Euphorbia myrsinires L fiphmbiaceae) and nem~ 

(.-ld.rochra idea (Meliaceae) have investipted the effect againn L m m m  spzcrer 

In ihe Caiiete valley, farmers are udng aqueous exmct of .T(qo~ndvs sqpanrou, 

(Sapindaceae) to reduce Lbff population in snow pea fields. but the i d c i d e  &a ci 

this exaact on LMF population is u n h w n .  On the other hand. amoq the manv fungal 

insect pathogens encountered in nature, Poec i lom) .~es fuma~~acw.  is considered a ven. 

promidng biol+cal control agem due m its extensive host ran9 which includes irrvas 

in over 25 different families. In 2004, we recovered two mains of P.~fwrmsumw~( from 

LMF adult ad are maintained in CIP emomopahgen cdleuion. Patbogcntcirl, and 

effectiveness against LMF will be evaluated under l a b o v  and field conditicns The 

use of tbeses beneficial organisms and botanical insecticides can help reduce the levds of 

leaf miner fly populations and also conmbutinp to reduce the use of insmicides 
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Mujica. N. Espinoza, I. Lagnaoui. A. (2003). h @ o n  de clones resismtes e 
insecticides selectivos en el manejo de la mosca minadora Liri0m)m hu&m.is 
Abstracts of XLV Congress of the Entomolo@cal Society of Peru; 1-5 December 2W3. 
Avacucho (Peru). p 16 1 

El ensayo se realin5 entre 10s meses de Julio y Noviembre del 2002 en el ~ d l e  de Canete 

Se condujeron parcelas con y sin aplicacion dr  insecticida selectivos para evaluar ia 

resistencia a1 daiM de la mosca minadora en I I genotipos de papa Los m i e m o s  

incluyeron 5 clones resistentes (3821 5016.385521 9 395280 57. 97035 3 y 38556! !I,. 

UM variedad tolerante (Maria tambeiia), un clon susceptible (EM 01 1 )  y 5 bariedades 

susceptibles (Canchaa Maria Reiche, Unica v Desire) .A 10s 90 dias despues de la 

siembra el Nvel de dafm foliar fue menor en 10s clones resinentes de papa que en 1% 

variedades insecticidas. Las variedades comerciales regjsuaron un porcenraje de d a k  

foliar de 41 3 %  v de 8 1.79'0 en parcelas con y sin insecticida respeuivameme D&me 

present0 el mayor nivel de daiio con 4 P o  en parcelas aplicadas y 1000b en parcelas sln 

aplicar. En 10s clones resistemes se observo un promedio de 18 3% de dab fdiar en 

parcelas protegidas y de 32 8OX0 en parcelas sin proteaion Los clones ;8i561 I2 y 

393280 57 m o m n  el menor porcentaje de daib foliar en parcelas matadas (16%) y 

parcelas no naradas (I9 y 70?'0) Los clones 385524 9 y 393280 57 p r m m r o n  d rnenor 

nivel de infestation lanal en parcelas con insecdcidas (0 6 y 0 9 larvirr/fdido 

respectivamente) y sin insecticidas (0 8 y 1 5 9 lamas~foliolo respectibamentel El ~ h r l  

de parasitisno se vio afectado por la aplicacion de insecticidas. A la aKecha la 

significativa para las variedades comerciales y no si-nnificativas para 10s clones 

resiaems. La imegacion de insecticidas selectivos con variedades y dones de papa am 

resinencia a m o m  minadora. posibilita un manejo mas eficieme de la plapa b4o 

wndiciones de c a m p .  



Zevallos R, Mujica, N. and P. Weintraub (2003). Efecto de la tempera~lra en la 
ovipo~cion, alirnentacion y longevidad de Lricwn>'-9 huicdohre~s (Lhptera 
Xgromyzidae). Abstracts o f  XLV Congress o f  the Entomological Society of Peru. 1-5 
December 2003, Xyacucho (Peru) p I59 

El presente trabajo se desarmllo para determinar la temperatura mas adaada para la 

crianza masiva de la mosca minadora L huidobrenm. Se evaluo el efecto de a n c ~  

t e r n p a r a s  constantes (15, 18,20,22 y 26C) en la obiposiciom alimentacion y 

longevidad de la mosca minadora sobre haba. l'icia faha. como planta hospedera Se 

observo UM uxrelacion net&va significtiva enwe longevidad de la hembra y las 

temperaturas mdiadas. El numero total de huevw%embra h e  similar a 20 ( i i 1 2 )  ! 1: 

(I I 1.2) y significatimente menor a 15 (72.7) y 26C (88 6). La mayor o\i@don 

(169.2 huevoshembra) y alimentacion (3081.4 p icad~r~hembra)  ocumo a ISC. 

regishidose esta temperatura wmo la mejor cpcion para mamenex una crianza m&va 

de la mosca minadora en el laboratorio. 



Mujica, N., Leiva N.. Prudencio C., and 0 Ortiz (2003). Efecto de insedicida 
sistkmicos v banslaminares sobre L i r r ~ m - ~  huihbrennr (Diptera: .r\promyddae) y sus 
hymenoptera parasitoids. Abstracts of XLV Congress of the Enromolo@cal Soclq- of 
Peru; 1-5 December 2003, .Ayacucho (Peru). p I38 

Ensayos en campos experimentales heron cionducidos para evaluar el efecto de 10s 

insecticidas ciromazina (Trigard 75PS). abarnectina (Vemmec 1 8CE1. chlortluazumn 

(Xtabron 5CE). canap (Padan 50PS). spinosad (Tracer I20SC) e imidadowd (Confidor 

35OSC). sobre la poblacion larval de la mosca minadora y sus h~menoprrros parasitoide 

'4 10s 16 dias despuisde la aplicacioq tiromazina abamectina y spinosad heron 10s 

insecdcidas m k  eticienres en el control de larvas de m m  minadom son promedios de 

0 4. 1 6  y 1.3 larvasifoliolo respectivamente No se observaron d i f d a s  sigificati\as 

en el n h e r o  de larvavfoliolo entre chlorfluazuron (6 0). camp (4 5) .  imidadoprid ( 4  5 i 

v el testigo absoluto (50). Cimmazina mostro una residualidad de 20 dias Se r@uamm 

8 esp&es de parasitoides de las familias Pteromalidae ( 1). Eulophidae 15).  C ~ n ~ p i d a e  I ! I 

y Braconidae (1 ). Holrrcoptera m&me (Hymenoptera. Pteromalidae) h e  la especie 

predominante antes y despues de la aplicacion de 10s mtamienros Solo iiromanru 

redujo significativamente el nlimero de individuos por especie y el mimero de +a de 

parasitoides. hasta 20 dias despues de la aplicacion E n d  reso de i n h c i d a s .  ':as 

poblaciones de paradtoides lograron rmperarse a 10s 12 dias d e s p l a  de la aplicacib 



Mujiq N., Weiobaub, P., balls, V. and C Prudencio (2004). Distribuaon v d i d d a d  
de la mosca minadora D n o 5 - n  huiabbremis Blanchard @iptera Agomyidae) en 
hospedaos cultivados en la costa del Peru. Absrracts of !UVI Congess of the 
Entomological Society of Peru; 7-1 1 Sovember 2003, kequipa (Peru) p 6 1 

La mosca minadora L huiabbremis es una plaga principal que infeaa una -aan \ a r i d  

de ca~ltivos y sus enemigos naturales, en especial 10s parasitoides. conaitu>en una henre 

potential de agentes de mntrol biolbgico que necesita ser estudiada El presente trabajo 

busco generar information sobre la distribution diversidad y predcminancia de las 

especies de hymenbpteros parasitoides de mosca minadora en hospederos ca~ltivados~ La 

prospeccion se realizo enae 10s meses de Julio y .Agost0 del 2003 m 38 localidades de la 

costa peruana, desde Tumbes hasta Tacna. En cada localidad se colecto follaje infeaado 

con mosca minadora que luego h e  mantenido en crianza hasta la emergencia de ios 

adultos del minador y de sus parasitoides. Los especimenes heron identificados al mvel 

de g k r o  o especie por medio de claves taxonomicas y por mmparacion con una 

coleccion refereocid Se identificaron 42 ca~ltivos hospedaos de r\gom+dae s d o  22 

de ellos infestados por Lhui&brmms Se recuperaron I -  especies de parasi:cides 

perteneciemes a las familias Eulophidae ( I  l spp.). Braconidae (3  spp ). Eudidae ( I  

spp.). Elachertinae ( I  spp) v Pteromalidae ( 1  spp ) La familia Pteromalidae h e  

dominante en las localidades costeras. con exception de Tumbes y T a c ~  donde los 

Eulophidae heron mis abundant=. Halricoprera arhnru. D r g ~ ~ p h u  w rbsrrn. D. k p m .  

Gmmprdirm, sp. y C ~ s o ~ l o m ~ w a  sp heron registrados en todos 10s deparmmemos de 

la costa peuana C ~ s o ~ h r m s  jTacillo h e  dominante en Tacna y ('h brrrku en 

Tumbes. H. ur* represento el 5 I?/o de 10s especimenes y h e  recuperada de pupanos 

de las 12 especies mltivadas 



Mujica, N. and A. Lagnaoui (2004). Efecto de la densidad de adultos de Halucoprem 
mubine (Hymenoptera: Pteromalidae) en d paraEitismo larval en Driom>m h v u h k m  
(Diptera: .Agromyzidae). I11 Congeso Ladnoamericano de la Seccion Regional 
Neotropical de la Organization International de Control Biologico (OICB). 24-28 \lake 
2004, Havana(Cuba). Abstracts, p. CS.4.7. 

En el desarrollo de la crianza masiva del parasitoide larvo-pupal H. ardunre. se probaroc 

tres densidades de parasitacion en condiciones de invernadero, usando L h e m s  

como insect0 hospedero 4; frijol ( P h e o l u s  r~rlgcuis) como planta hospedera Las 

unidades de infestacion consistieron en plintulas de frijol con hojas cotiledonales 

desarrolladas. las iuales heron rxpuestas a adultos de L huidobretws de 4 d~as de dad .  

para oviposicion poi 6 horas. lo cud produjo un promedio de 15  lanasihoja cotiledonal 

Las unidades de parasitacion contuvieron curno ho!as cotiledonales ion larvas mtre 

segundo y tercer estadio larval. las que heron ~ ~ p u e s t a s  a las densidades de una dos y 

tres parejas de H .-lrdu~ne. Las hojas heron iambiadas diariamente por un paicdo de - 
dias v en cada una de ellas luego se contabilizo el mimero de adulms de m o u a  m i d o r a  

parasitoides. puparios sin abrir larvas no desarrolladas La densidad de dos 

parejw'unidad de parasitacion tuvo una produccih total de 77.7 parasitoida. 

diferenciindose si-gificativamente de 10s o m  tratamientos El mayor valor de 

parasidsrno f ie  de 80 9?/0 a la densidad de dos parejahnidad de parasitacih 0x1 un pico 

de parasitismo de 92.3'-o al tercer dia de exposicion. La o~iposicionhembra de 

parasitoide se vio afxtada por la densidad, regstridose una produccjon minima de 12 7 

parasitoideuhembra a la densidad de tres parej&unidad de parasitacion siendo H e  

resultado significativamente difmnte con 10s o m s  tratamientos. Asimismo. la mayof 

densidad de parasitoides. inaemenro la cornpetencia inuaqxcifica. ob-andose una 

modidad de 30.8% de larvas en la densidad de 3 parejdunidad de parasitxion Bajo 

condiciones de invemadero, la densidad de dos parejdunidad de parasitacion resulto ia 

mis eficiente para fines de crianza masiva del parasitoide. 
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In an effon to expand the spectrum of larvicides effective aging I ~ n a m ~ x  
huidobremis (Blanchard), the effect of spinosad was studied on the development ofthe 
leafminer under laborator). conditions. Bean plams infested with various leahiner +rs 
(egg through third instar) were treated by dipping leaves in 1-4 ppm. 48 ppm or % ppm 
a.i spinosad or by drenching the soil of plants with 200 ml of w e r  containing IZ mg 24 
mg or 48 mg ai. spinosad In -general, leaf dipping was more efficacious and ad- 
effects were obsewed sooner than with soil drench. .-UI concentrations of spinosai 
significantly reduced (P < 0.001) the number of adults excepr leaf dip of h r d  in-ax.  od! 
the hiehest concentration caused si-gnificant reduction of prpae and adults. Spinosad 
would be a valuable insecticide for control of the pea leafminer. L huuk~remrs 

KEY WORDS: L i n o m . ~ ~  huidobrer~~s; spinosad; synemic effects b y  soil d r m h ~ n g  
leaf dipping 

The pea leafminer. Lin-XI huidobrenns (Blanchard j. orimmed from South 
America ( 1 ) and is a serious pest of flower and vegetable crops in grccnbouses and open 
fields in many parts of the world. It appeared in Israel in 1992 and adults are rrFFaaory 
to insecticides (12) Both Ihe larvae and adults cause damage; the lmae  primarily mine 
Ihe spongy mesoph j l .  where chloroplasts are located (7). and the adult females p u n m  
both the upper and lower leaf arrfaces to feed and lay eggs. This results in reductioo of 
both plant vigor and yield, and in cosinetic damage to leaves and stans. 

There are c u r d y  no effective adulticides. and few effective lanicides - 
primarily. abamectin and cyromazine (15, 14) - again3 chis pest; moreover. exclusive use 
ofone of these larvicides could quickly gemrate resistance Weal insediades 
derived from the actiwmycete, Sclcclwoo&~a spi-, have been shown to be 
effective against lepidopteran larvae (5) gored pFodua beetles and psocids i6). h i p s  c4i 
and tephritid flies (9) Spinosad has been used on a few agromed leahiners. 
Chr- hwticdo (Goureau) (lo), hri- chinemis Kafo (2) and I~n-cn 
mfolii (Burgess) (3). The purpose of this research was to evaluate the effect of ?.aanic 



(soil drench) ad leaf dip applications of spinosad on the development of immature sages 
of L h&ensis to adult flies. 

Bulgarian variety beans (Phoeohcr wlpris) were seeded in l0cmdiam pots (4- 
6 per pot) with holes in the bonom in soil consisting of equal parts pear moss. 
vennimlite aod sand. Plants were grown at 23 * 3' C, with a photopenod of I4 10 
(L:D), until two true leaves were fully expanded, unless otherwise stated. In all trials. 
plants were placed for ca. 3 h in a cage with a small number of adults from the stock L. 
huldobrensis colony. The shon oviposition access period allowed for s)nchronous e ~ p  
hach aod subsequent larval developmm. Mer ovipodtioq plants were removed and 
maintained in a growth chamber at 23" C and a photoperiod of 1 4  I0 (L D) In trials 
involving egg Weamrent, eggs were counted immediatelv after pots were rernovd from 
the stock colony of adults. In trials involbing treatment of the three mges of larvae. the 
number was counted immediately before treatment by using a aereo-miaoscope wilh 
sub-stage lighting. 

Spinosad (Tracer, imponed by Agrochem, Petach Tikva Israel) was used in ail 
bioasays and was applied to the soil or leaves of bean plan~s in the leai-dip tnair soi; 
was first watered to mnoff. and then covered with thick layers of papa m d n p  to 
prevm spinosad dilutions From dripping off the leaves onto the soil. and thereby causing 
a systemic effect. The leaf dip consisted of warrr control, 21 ppm, 18  ppm or 96 ppm 
active ingredient ( a i . )  spinosad. Laves were dipped for 10 ses: For the drench piam 
were watered Z days before spinosad application. Soil was drenched wih ether 200 ml 
water(mntrol), or 200 ml containing 12 mgai.,  24 m g a i .  or48 mgai .  spinosad Hams 
with eggs. or first, second or thlrd instar larval leafminers were treated To avoid 
possible adverse effects From the larvae being crowded on the leafand messed because 
of inadequate food, only leaves with less than I0 eggs or larvae were used. The t u m k  
of individuals surviving to the subsequem aage was counted until pupae em@. Papa 
envelopes were fashioned around leaves at last third instar to catch falling prepupae and 
prwent them 6um falling onto the soil or being Ion Pupae were placed in Peui dishes to 
observe adult emergence. Each trial was repeared until a minimum of 70 individuals 
were treated per concentration and application regime. Percent survival data were 
transformed by arc-sin before analysis Data were analyzed using two-way anal)s~s of 
variance (ANOV.4), and means were separated using Tukev.s HSD quantlle fuocnoK 
using JMP5.O. l a  (I I). 

For the leaf dip (Figure 1. LE. L I ,  U, U), all three mmmbatiom of spioosad 
weax most efficacious when applied to the egg stage (df = 3.99. F = 290 0, P < 0 cM@l) 
Death occllrred primarilv in the fim i-, presumably shortly after erneynce h m  the 
egg since observed &IS wae usually less than 3 mm long Only wih the lo- 
c o n c e d o a  did some first instar larvae survive to second instar With treatments at 
successively older larval insrars, the spinosad was slightly less efficacious. only rhe 
highest c o n c h o n  was significantly efficacious when third instar larvae were treated 
(df = 3, 117, F = 3.57, P = 0.016). Results of the soil drench are shown in Figure I@€. 
Dl .  M, D3). In general, larval response (mortality) to the spinosad soil drench was 
dowa. this because the insecticide was being taken up by the piam and aaed in a 
systanic fashion. When the soil of plants with leafminer eggs was drenched. 80-900.0 of 
the first iostar larvae were killed with the two highest concentradons; howwer with ibe 
lowest mncenMon only at the third instar stag were > 95% of all b-cated lanae killed. 



Treatment of the third instar larvae yielded significant results (df = 3,73, F = 46 65. P < 
0.000 1 ); however in the lowest concennation ca 509-6 of the adults survived. 

These treatment concentrations were chosen ro caw a Mde range of mortalin- in 
L. hu~ubbremis. Unfortunately. new insecticides are usually over-used by g o w e n  uhich 
causes insecticide resistance Parrella and Keil(8) showed thaI some insedicides became 
ineffective against L trr~olri only 2 years after introduction Ferguson (3) showed drar 
populations of L. mjolii collected From ornamental greenhouses had up to a I .  192-foid 
resistance (LC% 1.586 ppm, leafdip) to spinosad as compared to a susceptible i e f m - e .  
but reverted rdarively quickly (< 10 genedons )  to reference-strain susceptibiliry when 
reared without insecticide pressure. Spinosad is very effective agaima all l and  of 
L. hrdobrensrs and, if used judiciously by alternating its use uith 0th oanslan!nar 
insecticidq will give reliable conrrol for a long time 
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