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Executive Summary

The pea leafminer. Lirtomyza huidobrensis (Blanchard). a nanve to South
Amenca. spread to Europe. Israel and Afnica as a pest in which the adults are
refractory to insecticides. Leafminers are highly polvphagous. anacking flower and
vegetable arops in open fields and greenhouses. Because there are onlv a limited
nurmber of insecticides that are efficacious against the larvae. insecticide resistance
problems. even in the larvae, could quickly become a reality.

The objectives of this project were 10 determune the array of natural enemnues
(parasitoids) and the extent of control each exerts on the leafminer to evaluate the
effect of larvicides, and to develop a strategy using parasitoid releases and minimai
amounts of insecticides to control the leafminer. Survevs were conducted m all of the
coastal departments of Peru on 23 crop plants for the leafruner and natural enemies
present. Seventeen wasp species were collected and most were identfied: the most
promising were selected for mass reanng. Mass reanng techmques for the leafminer
were developed: opimum temperatures and densities determined. and faclites were
buwlt. The leafminer and natural enemy production commenced.

Tnals on the effects of larval insecticides (abamectin. cyromanne. spinosad.
cartap and chlorfluazuron), bolanical (Sapindus sapornaria) and fungy (Paectiomices
fumosoroseus. Beauveria bassiana) on the teafminer and its natural enemies were
conducted in the laboratory and field.

Not onlv were the objectives of this project met, but the informanon gained
was dissermnated to growers. students and others bv means of several workshops and
through presentations at sciennfic meetings

Since the conception of the project in 1997 to the end of the funding penod.
there has developed a semse of National intellectual property nghts. The Peruvian
government is interested in protecung thewr nanve species. however. this hundered
researcher’s ability to sample grower’s fields - collecting permuts were required w0
sample from each Depariment in Peru. Furthermore. dead matenal (1nsect
parasitoids) could not be sent to world experts for venfication of idenbficanon  As
such. this necessitated the development of taxonomic expertise. an aspect not
anticapated in the onginal gramt proposal. While protection of native species is
laudable. independent venfication of thar identity 1s cnncal to further scienufic
advancement and imellectual exchange on an intemational level.
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I. Research Objectives

The pea leafminer is a major economuc pest of potato. beans and other staple
vegetables in many parts of South and Central Amenca. where growers spray 5-13
times per season for its control. This pest has recently spread 10 such distant places
such as Israel, Europe, Africa. Malaysia, and Indonesia (Weantraub and Horowitz,
1995) where 1t 15 inflicting serious damage. Intensive use of “hard™ or non-selective
chemicals (carbamate, organophosphate and pyvrethroid insectcides) attempt 10
control the adults. This not only results in higher costs of potato production but has
also generated secondary pest resurgence of mutes and other pests. necessilalng even
more chemucal applicanions (Chavez and Raman_ 1987). This viaous o cle has
generated expenditures that many growers cannot afford. particularty in the third
world. Furthermore, 1t produces toxic residues which impair farmers”™ health and
damage the environment The introduction of this natnve South Amencan pest 10
Israel. Europe, Africa and Asia has created a global problem

Although Liriomyza hudobrensis was identified in 1926 in South Amenca
(Blanchard. 1926), a survey of the native predators and parasitoids in Peru was never
conducted. That the leafmuner could be controlled by releasing parasitoids was
demonstrated in European greenhouses (van der Linden. 1991); however. the guiid of
the nanve Peruvian species was known. such an undertaking had not been conducted
in Israel. substantial reductions in chemical applicanons (down from 5 10 -}
applications per season) have been achieved in potato fields. pamanty by shifung
awav from non-selective adulticides and implemenung translamunar lanicides ar
specific tires in the developmental hifecvcle (Wemntraub. 2004). The potennal
economuc benefits from developing and using nanve South Amencan parasitoids.
with concomitant reductions in hard chemical usage, are of inesumable value 0
Peruvian farmers.

The research objecuves were:

1. Determune nanve beneficial insect gwld for L. mudobrensts in Perw and the extent
to which control s exerted by each species.
2. Evaluate the efficacy of translaminar larvicides (new and existing) on pest and

parasitoid populations.



3. Develop and implement an integrated control strategy. as such: establish mass
rearing procedures for the leafrruner and then develop parasitoid reanng methods for
mass release.

Liriomyza hutdobrensis 1s one of manv pests that have competed for
researchers’ aftention and avalable funding in South Amenca This project allowed
Peruvian integrated pest management (IPM) scientists to increase their capaaiy 10
deal successfully with the leafminer pest by learning to idenufv its natural enemes. as
well as the roles played by the various species of parasitouds in the management of the
flv m potato and other local crops. Researchers from a number of disaplines have
been conducung tnals on vanous aspects of potato and sweet potato pesis. diseases
and agncultural techniques for vears at the Intemational Potato Center (CIP). This
project dovetailed well with on going research activities on resistant potato \aneties
and provided a strong basis for future research.

The novel approach developed with this grant was 10 reverse this process of
constantly generabng new insecticide-resistant pest species by using the leafminer’s
native beneficial species to reestablish conrol. Control of the leafmuner can be
achieved through enhancement of one or more of these naturatly occurmng beneficial
species, and by simultaneouslv replacing general insecticides with ones that are more
selective to the pest  Once this is demonstrated to be successful. dissemunanon can be
world wide since CIP has satethite research institutes in Asia and Afnca

In addinon to the US-AID/CDR funds recaived. this research was addinonally
supported by the Intemnational Potaio Center and by the Agncultural Research
Organization Both instritutes provided additional funding in terms of staff salanes
and facility maintenance. In addinon to the formal agreement under this grant,
additional research institutions were involved m the following capacites’
= Agreement between CiP and San Agusnn Natonal University ( Arequipa) to

develop the thesis “Seasonal occurrence of the Leafminer flv Lirtromza
hudobrensis in potato and faba bean crops m the Tambo valley. Arequpa (Peru)”
From Julv to December 2004.

- Agreement between CIP and Tumbes Nanonal University (Tumbes) o deselop
the thests “Seasonal occurrence of the Leafminer flv Lirtomy=a huidobrensis in
bean crops in the Tumbes vallev, Tumbes (Peru)”™ From Julv 1o December 2004

- Agreement between CIP, Pedro Ruiz Gallo Nanonal University (Lambaveque)
and Vista Florida Expenmental Stanon (Lambayeque) to develop the thesis




“Seasonal occurrence of the Leafminer flv Linonmyza huidobrensis in bean crops
n the Pics) vallev. Lambayeque (Peru)”. From Julv 1o December 2004

- Agreement between CIP and Valle Grande Rural Institute to develop the research
“Evaluation of selective chemucal and natural product insecticides 1o control
different stages of LMF and associated parasitoids in field conditions™

IL. Methods and Resuits

Survey of Linomyza huidobrensis and parasitoids

The potato growing season 1s from May to October Sunvevs were conducied
at two tmes of the vearr Apnl-Mav and Julv-August in all 10 coasial departmenss
{Table L, Figure 1). Potaloes. beans and tomatoes were usuallv grown in fields of i-
hectares. Al other vegetables were usually grown tn smaller plots - 0. 1-0 23
hectares. All fields were commercial and insecticides were applied by the discretion
of the individual grower.

[f there were leafminers present. 20-30 leaves were randomlv selected. from
the lower part of the plant. while walking through the field. If no leafminers were
presemt a munumum of 10 leaves were collected. Leaves from each field were

-~

collected in paper bags and stored in a cooler [In the everung. these leaves were
transferred to plastic containers, 15 x 25 x 10 ¢m high. in whuch the 1op was cul awm
and replaced bv a 20 x 12 cm insect proof screen. The bottom was lined with damp
paper toweling to maintain hurmedity, leaves were separated by dry paper toweting
Toweling was changed every 2 days.

If no parasitoids emerged before leaftminer pupanon, pupae were collected and
stored in plastic Petn dishes until the adult fhes or parasitoids emerged. Leaves were
retumed to the container afier pupae were collecied The species and number of all

insects were recorded.



Table 1. Locations in Peru surveved for the leafiminer, Liriomyza huidobrensis and its
associated parasitoids.

Department Province District Ne. of Sites

TUMBES Tumbes Tumbes 9
Zarumlla : 1

PIURA Pata San Luis de Vichailay 7
Sullana Sullana 5

Sechura La Union 1

Piura La Arena 2

Castlla 3

LAMBAYEQUE |Chiclavo Picsi 11
Monsefu 2

Reque 2

Safla 3

LA LIBERTAD Ascope Paijan 4
Trujillo Simbal 6

Moche 7
Vil Viri 16

ANCASH Casma Casma s
Santa Santa 9

Huarmey Huarmey 2

LIMA Barranca Barranca 5

' Supe 3

Huaura 'Huaura ]

Huaral :Huaral 9

, -Chancay 3
I TACNA 'Tacna Tacna 20
; ‘ Sama )
; Locumba i
MOQUEGUA ‘Manscal ‘Moquegua 9
AREQUIPA Islay Punta Bombon 23
Arequipa Cocachacra 6

Cavlloma Vitor 2

Camana Majes b

‘ Camana 11
ACA Nazca Nazca u

' f
g
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Figure 1. Departments along the coast of Peru (light colored areas) which

were surveved for Lirtomyza hutdobrensis and its parasitovds.

Parasitoids from five families. Eulophadae ( 11 species). Braconidae (3
species), Eucolidae (1 species). Pteromalidae (1 species) and (Elachertinae (1 species)
were found were throughout the coastal regions of Peru (Figure 2). Eulopiud
parasitoids were predominam 1n the south, especially in the department of Tacna
Pteromalid parasitoids were predominant in the north, especially in the department of
Lambaveque. The department of Ica had the most diversity of parasitoids. with a total
of 15 species.
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Figure 2. Famulies of parastioids found on Liriommza hwdobrensis in different costal

departments in Peru

Of the 17 species of parasitoids found, there were 7 koinobiont (a parasitosd
developing in a host that continues to be mobile and able to defend nself. hosts thar
are larvae often are not killed until they have prepared crvptc pupation retreats)
species (C. cariea. C. flacilla. H. arduine, Ganaspidium sp. and 3 vet to be 1dentnfied
braconid species) and 10 idiobiont (a parasitoid whose host is rendered immobile by
the parent of the 1diobiont and the said host is consumed in the location and stage it 15
in when attacked. or at least in a nearby locaton to which the parent of the idiobiont
has moved 1t) (Chrvsocharis sp.. D. webster:. D. begini, 2 Chrysonotomvia spp.. 4
eulophid spp. and Zagrammosoma sp.). Figure 3. Of note. was the fact that in the far
north, Tumbes, there was almost 50% of each tvpe; whereas generally there were
more komobtont species found throughout coastal Peru

BEST AVAILABLE COPY




Tacna

0 20 40 60 80 10C

O Koinobionts O Idiobion{sr

Figure 3. Koinobiont and idiobiont species found on parasitords of Lir:omiza

huidobrensis in different costal departments in Peru.

There were clear differences in the number and species of parasitords found on
different leafminer host plants. The predominate parasioids throughow Peru were
Chrysocharis caribea. C. flacilla Halticopiera arduine. and Digivphus webster:
{Table 2, Figure 4). Halticoptera arduine was recovered from all of the cultivaled
plants and was the species with the widest distnbution in Peru.
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Table 2 Species of parasitords that emerged from lield-collected, Lirtomyza hutdobrensts-mfected, crop plant

Plant é B ,
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Basil + +
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Peas + + + + + + + + + +
Bectroot + + + + + + + +
Chinesc onion + + +
Cabbage + + + + + + +
Spinach + + + + ¥ +
Bean + + + + + + 1 + + + + + + + +
Ful + + + + + v I T T T B N +
Lettuce + ¥ + 4 + +
Comn + + + + + 4 +
Marigold + + + + + +
Turnip + + +
Potato + + + ¥ + + + ¥ + +
Cucumber + + + +
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Soya + + + + + + + + + + +
Tomato + + + + + 1 + + +
Italian squash + + + + +
Squash + ¥ B i + +
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Relative abundance of Lirtomvoa huidobrensis parasitoads on different crop

Seasonal population fluctuations in Peru

This study was camed out in potato fields in La Molina from May 10

November. Three commercial fields (Amanhs. Revolucion and Tomasa) were

evaluated dunng the autumn. winter and spnng seasons. Amarnlis was planted n the

autumn. and Revoluaon and Tomasa in the winter. Each field was divided m three

sectors and samples of 20 leaves‘sector were collected. Leaves were 1aken to the
laboratory to observe and count emerging leafminer and parasitoirds adults sampled.
Adult population was momtored with vellow sucky traps (20 x 20 cm) A trap was
placed in each sector (3 traps/field) Fields were managed according to normal
grower practices for the area

The leafminer pressure recorded in 2002 represemed the normal trend of the
populations dynamic in the coast of Peru. Adult populanon peak occurred in winter
(Julv) and spring (September), with 9075. 15775 and 17038 adults/trap m Amanlis.

Revolucton and Tomasa vaneties, respectively. These peaks comncided with

phenology age of the potato gop. There was a relanvelv slow increase durng the

vegetative growth and a mapid and sustained augment dunng flowenng and matunng,
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followed by a decline as plants enter into senescence (Figure 5). Sumular population
trends were noted for each vear (data not shown)

Parasitism: Level of parasiism was verv low due to the excessve use of non-
selecnve insecticides (methamidophos). After insecticide applications were stopped in
theses fields. the leafminer flv population increased. followed by an augment in the
rate of parasitism by indigenous parasitoids. Oniv five species were recovered in these
fields (H. arduine, Chrysocharis sp.. Digivphus webster: and Ganaspidium sp )

When little or no insecticides are used. parasiism of LMF larvae dunng winter
(Apnl-August) vanes from 35% to 55%. But in early spnng (September) total
parasiism increases steadily unnl later spnng (November) when percentage of

parasiuism 1s near 100%.
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Figure 5. Seasonal populations of Liriomvza huidobrensts in three commercial
vanieties of potatoes. P — planting, F - flowering, H - harvesting

Survey of Linomyza hwidobrensis and parasitoids in [srae:
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Survey of L. huidobrensis and parastiords in Israel

In Israel. parasitoid species were surveved tn two major polato growing areas.
the western Negev and the Tel Aviv-Gush Dan region.  Plants were sampled weekly
by vacuum sampiing and by collecting 10 planis from each field throughout the
growing season (September - June). In the laboratory. plants were divided mito three
parts starting from the top 6 leaves. the muddle 6 leaves and the oidest remaiming
leaves. These sections were placed wn paper bags and kept a1 room temperature (ca
25° C) for a mummum of 4 weeks to allow adults 10 emerge

Resulis of the field survev of 1. huidobrensts infested potato plants 1s by
vacuum collection 1s shown in Table 3 A total of 12 species were recorded. A
greater vaniety of speces were found in the western Negev: potato ts one of the

pnmary autumn-spring crops and fields are usuallv several hectares in size

Table 3. Percent of parasitoid species collected by vacuum sampling potato fields
between 2002-2004

Species Center Western Negev

Dighyphus 1saea 484 644
D. crassinervis 1.6 0.6
Neochrvsocharis formosa 1.3

| Opius sp 28
Platvnocheilus cuprifrons 26 1.9
Pnigalio soemius 1.3
Chvsocharis pentheus 79 31
Hemiptarsenus zilahisebessi 48 0.6
Neotrichoporoides sp. 1.3
Preromalus sp. 12.7 06
Trichomaiopsis sp. 12.7 06
Scehionidae 79

When the leafruner was first found in Israel the only parasitoid found was
Diglyphus isaea (Wetntraub and Horowitz. 1995). At the beginning of ths survey. 10
vears after L. huidobrensts amved in Israel. D) isaea was the predomumnant. but not
exclusive parasitord.  Whle all of the parasitoids in Table 3 attack the leafrmner. ondy
7 species (Table 4} were found emerging from pupae. An Optus sp was a
predommant parasitoid in 2004 in the center and westerm Negev regions.

—_—
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Table 4 Species and percont of parasitoids recovered (tom Lirtomyza hutdobrensis pupae collected from potatoes, divided into 3 plant sections,

in two regions of 1srael in 2002 - 2(X)4

16

B 2002 2003 004
Species Plant height Center Western Center Western Center Weittern
Negev Negev | Negev
Diglyphus tsaea Top %2 ! 3 143 0.7 0.7 04
Middle 97 47 143 29 0.7 1.3
Bottom 28 | 373 . L 619 - 44 0 0.43
Neochrysocharis formosa Top 65 ’ 2.2 ___ o
Middle - 17.2 1.5
o Boltom IS 1.5
Oprus sp Top 11 37 0 217 215 43
Middle 15 22 48 3y 745 51.1
Bottom | 108 1.5 48 304 25 0
D._crassinervis Top ) 0
Middle 22
Bottom 36
Trichomalopsts sp. Top 0
Middle 0
= Boltom 0.7
Hemiptarsenus zilahisehesst  Top 0 0
- Middle 0.7 0.43
_ _.Bottom 0.7 0
Sympiesis sp. Top 0
B Middle 26
o Bottom 0.43
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Mass rearing of Liriomyza huidobrensis and parasitoids in Peru

Onge it was established that the leafminer could be easilv reared on bean
plants. a mass reanng technique was developed. Vanous life parameters of the
leafiminer were determined to optimize the conditions for the mass reanng The
effects of temperature for first examined. Females were held at 5 different
temperatures (15, 18, 20. 22, and 26° C) and the number of eggs lad. feading
punctures and longewity were determined. Bean seedlings were used as the host plant
Polvethvlene vases (1000 cc) were used as LMF reanng chambers. On the top. thev
had a hole (6 cm diameter) to permut the pass of air. Inside each vase a tube of glass
{50cc) was introduced. It was filled with water to keep the plant alive dunng the
experiment. A couple of recently emergency flies were released within each vase
The leaves were changed every 24 hours until LMF females were dead The number
of feeding punctures. eggs and the survivor of fernales was evaluated

Tnals were rephcated with at least 20 females at each temperanme Fhes
were held at differemt densities (2. 4. 6 or 8 pairs). and the number and wesght of
pupae were determuined.

The maxumum number of eggs were laid at 18° C: a 1otal of 169 eggs at a rate
of 5.5 per day (Table 5). However. at this temperature. peak oviposition didn 't occur
und) 16 davs after oviposiion began At 22 and 26° C. peak oviposition occurred at
day 4. This coincided with the peak number of feeding punctures on the leaves. 31F
and 459 for 22 and 26° C. respectively.

In the laboratory. under controlled temperature (20°C). four different densities
of LMF mfestation were evaluated As an infestation unit. a plot with five planis of
bean (¥icia faba 30 davs old) was considered. In a reanng cage. six plots were
arrmged. Couples of recently emerged LMF male and female were separated
Densities of 2, 4, 6 and 8 pairs by plot were released inside each reanng cage. with
three replicates per density. Every three days (dunng 14 days). plots were removed
from the cages and taken to the greenhouse. to complete the LMF cyvcle. After 15
davs. pupae were recovered.



Table 5. Oviposition actisaty of Lirtomyza huwdobrensis al $ temperatures

Means number of
Means number of feeding punctures
eggs per feamale | Peaks oviposition perfemale Peaks feeding |Longevity
Temp. #
{°C) n Total Perday | #egys “day Total Per day nctures| day (days)
15 26 72,7 1,0 8.3 21 2040,7 28,7 119,2 7 35,9
18 20 169.2 5.5 14.4 18" 3081,4 78,0 2340 s 24,4
20 26 112,2 2.4 11.8 1" 2199,8 478 206,1 7" 225
22 20 111,2 38 17.2 4"t 28948 93,4 315,0 4'"n 21,4
28 20 88,8 3.4 19.0 4'h 2593.0 92,8 459.0 M 18.8




Number and weaght of pupae are showed in Table 6. The highest pupae
production was obtamed in the treatment with 6 and 8 coupleshost unit (5847 and
5429 pupae respectively), without finding differences between them. A dear posinve
relationship between the infestation level and number of recovered pupae was
observed. On the opposite, the relationship between the number of recovered pupae
and the weight/pupae was negative.

Table 6. Egg production and aduit emergence from different pair densities of

Lirtomyvza huidobrensis on bean plants.

infestation times Adults
N* 1"w3* | 4o Total emergen
couples day day T 1o 10™ day | 11™10 14™ day production cy (%)
2 622 1383 923 |b 565 b 93 |c 90.3
4 621 1571 1244 |ab 1019 J|ab 456 |be 899
6 741 1807 1652 |a 1229 |a 5429 |ab 889
8 773 1941 1675 |a 1458 |(a 5847 |a 90.7

Based on the results above mass reanng is now being conducted as follows
Faba bean (Vicia faba) plants are grown in screenhouses under no controiled
conditions. In plastic pot. four seeds are planted in a 1:1:1 muxture of soil. sand and
moss. Plants are ready to use as hosts when the stems are approxamately 20 cm tall.
The time required to achieve this size varied m the different season. being between 20
davs in summer (25°C) and 30 days in winter (15°C). 300 pots were prepared each 13
davs. Infestation of leafminers takes place in a reaning room at 20°C. Nine reanng
cages (55 am wide x 100 cm long x 75 am high) are used for production. ten pots with
faba bean plants are piaced in each cage. 300 newly emerged LMF adults tmuxed sext
are redeased.  Every three days (three times) pots are replaced with new plants The
infested plants are placed in another rearing room at 25°C for 4 days to complete
larval stage (part of this larval production is used 10 rear parasitoids colomes). Afier
that, plants are cut on the bottom and laid into plastic containers covered sand 10
facilitate the harvest of pupae.




Mass rearing of Halticoptera arduine

Four commeraially faba bean (Victa faba) seeds were planted in 10 x 10 am
pots and held on greenhouse benches for about 20 days. In a reanng room (20°C). six
pots are exposed to adult leatminers (3 days old) in colony cages (35 wide x 100 long
x 75 high cm) for oviposition. After 24 hours, plots are removed from the cages.
Plants containing late second to early third instars are exposed to adult H ardwne
(300 adults) in parasite colony cages for 48 h. After 20 davs 10 25°C. an average of
3500 adult parasitoids are recovered per cage.

Additionally. colonies of the following parasitoids are being maintained
Endoparasitoids: Chrysocharis flacilla, (. caribea. Chrysochar:s sp. Opius sp
Ectoparasitoids: Digh:phus webster:. D. begin.

Effect of rransiaminar Insecticides on Linomyza huidobrensis larvae

Tnals were run in field potatoes (in Peru) and in potted plants (in Peru and
Israel). The field tmals (Peru) included the following insecticides: cyromazine.
abamectin. clorfluazuron. and cartap. The experiments on the effect of cvromazine.
abamectin. chlorfluazuron. carap. and an absolute control (no insecticides) on
leafminers were conducted at CIP’s HQ station in a winter season (Juh-October
2002). Cvromazine and abamectn were the most effective insecucides against
leafminer larvae with 0.6 and 1.9 larvae/leaf respectivelv, 15 davs after first spray
The treatments. spinosad and abamecun muxed white plam oil registered an aserage
of 6.5 and 15.8 larvaeleaf respectively. No significant differences in number of LMF
larvae were observed between chlorfluazuron (34 8 larvaerleaf) and the check (34 2
larvae/leaf). In the second spray. cvromazine registered 0.9 larvae/leaf 15 days afler
spray. No significant differences were found between abamecun (4.1 larvaeleaf).
abamectin + vegetable 01l (6.5 larvaedeaf) and spinosad (5.3 larvae/larvae) (Figure 6)
Ttus study leads us to conclude that cytomazine. abamectin and spmosad can be
alternated for better leafrruner control in the field.



larvae

Figure 6:

Figure 1. Effect of insecticides on LMF infestation under field conditions. La
Molina-Peru, 2002.

8
e

b3 T I

ik

|
plait ail _“ a
Lailap ] g
spiiaad §

abamectin
Lyromazire

atamectin

chlohusgatorn
4

015 days after first spray 17 days after second spra

*the Same SCHITNS TOlcwed Dv 3 JOMImon -efter are Nt Sty s, Afterart

The experiment was conducted at CIP's HQQ stahon in Lima (Peru) in a winter
potato crop (July-November). Treatments included: cxtomazine (Tngard 75PS).
abamectin (Verumec 1.8CE), chlorfluazuron ( Atabron 5CE). carntap (Padan S0PS).
spinosad (Tracer 120SC), imndaclopnd (Confidor 3508C) and an absolute control in¢
insecticide).

Experimental design - A randormuzed complete block design with four
replicates. Experimental plots had 6 rows wide with 20 m long each (105 m2) Plots
were treated 60 days after pianting with a motonzed backpack spraver at a rate of 300
liter/ha. The four central rows of each plot were considered for evaluanons.

Sampling methods. — Sampiles were collected from the four central rons Fnve
leaves bv plot were randomly collected and taken to the laboratory 1o emergence of
LMF aduits or parasitoids. Collections were done 0. 4. 8. 12. 16 and 20 dav afier
spray. Statistical analysis. - Before statistical analvsis. data were transformed (square
root + 1) and analyzed using 1-way analysis of vanance (ANOV A} Means were
separated by Waller-Duncan test (P=0.05). In order to correct monality differences of
larval infestation before application. Abbott’s formula was used
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Cyromazine was the most effective insechcides with a high larval monality
untl 20 davs after sprav. followed by abamectin and spinosad (Figure 7). The
parasitoids complex constisted of 8 species: Pteromalidae (Halncoptera arduine).
Eulophidae (Chrysocharis caribea, C. flacilla, Diglvphus websteri. D begiu and
Chrysonotomyia sp.). Cvnipidae (Ganaspidium sp.) v Bracorudae (Oprus sp.) Before
and after applicanons H. arduine seemed to be the most important parasitord on the
field. The parasitoid population was reduced by chlorfluazuron, cartap. spinosad. and
immdaclopnd unul 8 davs after applicarion. Twelve davs were needed to recover the
normal level of parasitoids in these treatments Ectoparasitosds (Digfypius spp. and
Chrysonotomyvia sp.) were the most suscepuble to chlorfluazuron and imudaciopnd
applicanons. Both, the amount individuals by specie and the number of species were
affected by cytomazine. In the other hand. the opposite results were showed br
abamectin. This study leads us to conclude that abamectin and spinosad can be
alternated with cvromazine for better LMF control in the field and maintaimng the
parasitoids population.

The effect of the botamucal insecticide Sapindus saponaria on leafminer adulis
was evaluated under lab conditions in Peru  Crude ethanol extracts of Sapidus
saponar:a {Sapindaceae. soapberry tree) fruits (Figure 8) were obtained This
botanical has previouslv been shown to have insecicidal activiny { Alonso- Amedot et
al., 1994}). Three concentrauons of each exwracts were applied on potaio plants In the
greenhouse. plants were put mto reanng cages and LMF aduits released Effect on
adult feeding was evaluated. Potato plants sprayed with ethanol extracts of ¥
saponaria fruits showed 47.8% less leafiminer feeding punctures. agamnst 23 4%
observed in crude extracts. More tests are necessary o consider thus narural product as
an alternanve to svnthetic chemical formulation against LMF adults.
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Figure 8 Sapindus saponaria fruits and leaves.

Effect of two strains of Paecilomyvces fumosoroseus on leafminer adults were
evaluated under lab conditions in Peru. Fungus concentrations (108, 107, 106, 105, 104
and 103 corudiarml) in water suspension were evaluated for two 1solates of P
Sfumasoroseus and one of Beauveria bassiana, by exposing adults to conidial suspension.
A completely randomized design was used with seven treatments (6 concentrations plus a
control) and ten replicates of 10 specimens. Medium infective concentration (LC50) was
esumated. The infectivity was esumated as the medium infective concentration (IC«: ).
being 4.79 x 107 conidia/m| for Paectiomyces fumosoroseus 1. 1 01 x 10° conidia/m| for
Paectlomyces fumosoroseus 11 and 3 80 x 107 conidia/ml for Beaquveria hassiana 210
The most promising strain was P. fumosoroseus I, which is the only one that showed

some activity even in low concentrations.
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In Israel. potted bean plants were treated with three concentrations of spinosad
(Tracer, imported to Israel from DowChemical by Agrochem, Petach Tikva) either by
soil drench or by leaf dip. Bulganan variety beans (Phaeolus vulgaris) were seeded in
10-cm-diam. pots (4-6 per pot) with holes in the bottom., in soil consisting of equal parts
peat moss, vermiculite and sand. Plants were grown at 23 + 3° C. with a photopenod of
14:10 (L:D}, until two true leaves were fullv expanded. unless otherwise stated In al!
trials, plants were placed for ca. 3 h in a cage with a small number of adults from the
stock L. huidobrensis colony. The short oviposition access period allowed for
synchronous egg hatch and subsequent larval development. Afier ovipositon. plants
were removed and maintained in a growth chamber at 23° C and a photopenod of 14 i¢
(L:D). In tmals involving egg treatment, eggs were counted immediatelv after pots were
removed from the stock colony of adults. In tnals involving treatment of the three stages
of larvae, the number was counted immediately before treatment bv using a stereo-
microscope with sub-stage lighting.

Spinosad (Tracer) was used 1n all bicassays and was applied to the soil or leaves
of bean plants. In the leaf-dip mals. soil was first watered to runofT. and then cosered
with thick layvers of paper toweling to prevent spinosad dilutions from dripping off the
leaves onto the soil, and thereby causing a systemic effect. The leaf dip consisted ot
water control. 24 ppm, 48 ppm or 96 ppm active ingredient (a.i ) spinosad  Leaves were
dipped for 10 sec. For the drench, plants were watered 2 days betore spinosad
application. Soil was drenched with either 200 mi water (control). or 200 ml comuning
12mgai, 24 mgai or 48 mga. spinosad Plants with eggs, or first. second or third
instar larval [eafminers were treated. To avoid possible adverse effects from the larvae
being crowded on the leaf and stressed because of inadequate food. onlv leaves with tess
than 10 eggs or larvae were used. The number of individuals surviving to the subsequent
stage was counted untl pupae emerged. Paper envelopes were 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 Petn dishes to observe adult emergence. Each tnal was
repeated unul a mimmum of 70 individuais were treated per concentration and

application regime. Percent survival data were transformed by arc-sin before anaivsis.



Data were analyzed using two-way analysis of variance (ANOVA). and means were
separated using Tukey’s HSD quantile function, using JMPS O la (11}

For the leaf dip (Figure 9, LE, L1, L2, L3), all three concentrations of spinosad
were most efficacious when applied to the egg stage (df =3, 99, F =290 0. P < 0 0001
Death occurred primarily in the first instar; presumably shortly after emergence from the
egg since observed tunnels were usuallv less than 3 mm long. Onlyv with the lowest
concentration did some first instar larvae survive to second instar With treatments at
successively older larval instars, the spinosad was slightly less efficacious. oniyv the
highest concentration was significantly efficacious when third instar larvae were treated
(df =3, 117, F =3.57, P=0016). Resuits of the soil drench are shown in Figure i35 (DE.
D1, D2, D3). In general, larval response (montality) to the spinosad sotl drench was
slower; this because the insecticide was being taken up by the plant and acted in a
svstemic fashion. When the soil of plants with leafminer eggs was drenched. 80-90%% of
the first instar larvae were killed with the two highest concentrations: however with the
lowest concentration only at the third instar stage were > 95% of all treated larvae killed
Treatment of the third instar larvae vielded significant resuits (df =35, 73. F = 36 63 P~

0.0001); however in the lowest concentration ca 50% of the adults survived
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Figure 9. Survival curves after leaf dip of beans containing leafminer eggs (LE), first
(L1), second (L 2) or third (L 3) instar larvae. Control (solid diamonds), 24 ppm (open
square), 48 ppm (open trniangle) and 96 ppm (X).
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UI. Impact, Relevance, and Technology Transfer

Although work on the leafminer has been in progress for many vears at CIP in
Peru, the general approach has been on developing resistant potato vaneties. As a resulit
of this USAID-CDR project, a systematic approach was undertaken to determine the
extent of the environmental and botanical (in terms of economically important crops)
range of this pest and the associated parasitoid guild. The findings in this study therefore.
serve and a concrete basis. a base line, for future research.

Now that the guild of parasitoids i1s known and the most effective maintatned in
culture, CIP can move into production and distribution to Peruvian growers The
leafminer is maintained at a level to support commercial production ot one parasitoid.
Halticoptera arduine, which is deemed to be the most generally effective. Several other
parasitoids are currently maintained in colonies which can be expanded and distnbuted

This parasitoid, H. arduine, in combination with the results from the msecocaide
studies, will allow growers to control the leafminer and significantly reduce the use or
insecticides which are particularly destructive 10 biological control agents. The results of
the tnals over the past 3 years have been distributed through publications. workshops and
personal contact with key growers.

This project has directly impacted directly on a number of individuals. and
institutions in Peru. A number of students. who worked on vanous aspects of this project
— primarily in taking national survey data, were supported and have gone on 10 complete
their degrees:

- Silvia Castro, Biologst student. Agrarian Natnonal University, Lima (Peru) From

June 2004 to Apnl 2005

= Viima Hualla, Biologist student. San Agustin National University. Arequipa
(Peru). From Apnl 2003 to January 2004

- Sandy Prudencio. Biologist student. Federico Villareal Nanonal University. Lima
(Peru) from July 2003 to Apnil 2004

- Dennis Enkson, Biologist student, Swedish L'niv. of Agricultural Sciences. from
October 2003 1o January 2004

- Margot Huicho, Biologist student. San Marcos National University. Lima (Peru)

From June 2004 10 September 2004
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= Nelida Leyva, Biologist student, Federico Villareal National University. Lima
(Peru). From July 2003 1o Apnl 2004

In addition to the students listed above, one woman received particular support
and 1s currently writing her thesis on the effect of the pnmary parasitoid on the leafminer
Sandv Prudencio, Biologist student, Federico Villareal National Universitv. Lima
(Peru). Thesis: Biologia, comportamiento y establecimiento de un modulo de cnanza
de Halticoptera arduine (Hymenoptera: Pteromalidae) parasitoide de Lirtomy=a
huidobrensis (Diptera:Agromyzidae) From 26 Apnl 2004 to 24 july 2005 Her
resuits will show just how efficacious the parasitoid 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 been involved.
tangentially, in this research. They were contacted for the national survev This contact
has served to strengthen hes between institubons and generate cooperanve research
efforts.

Now that the project is complete, CIP has gained extensivelv in malenals and
experience. The matenial benetits are listed below, the expenential benefits are iisted in

Project Activities’Outputs.

1. Built three rearing rooms with the following dimensions 2 51 m high, 2 46 m wade
and 4.55 m deep. Each one has air condinoner equipment ( York). model MOC12P16A;
with 12000 Bww/h cold only, 208/230/1/160, split svstem.

2. Nine insect wood cages of 55 cm wide x 100 am long x 75 ¢m high

3. A Microprocessor controlled low temperature illuminated incubator imodet 818.
Thomas Scientific)

4. Three Olympus stereoscopes (model SZ4045} with light sources and all
supplementary

5. An Olympus digital camera (model C4040) with adapters 10 stereoscope

6. Two steel Cornell cabinets (2500 Senes) with 12 Cormell drawers each one. and with
Comell unite pinning trays complete

7. A Comnell open-faced cabinet for 12 drawers, unassembled (2512KD moded), with 12

Comell Tray for vials and complete unit trays and unit vial tray with parhuons.
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8. A countertop open-faced cabinet (2106KD model) for 6 drawers, with all

supplementary

IV Project Activities/Outputs
A. Meetings

The first meeting between the partucipants was held 13 - 18 October. 2002 at the
CIP headquarters tn Molina, Peru. The Israeii team visited with Dr Lagnaoui and Dr
Mujica and toured the facilities there, and observed the on going field trials Dr
Weintraub gave a lecture on the leafminer fly in Israel. The following two dayvs the {sraeh
tearn traveled to and toured the Canente Vallev with Dr Mujica, a major agricultural
region in the southern area of the Department of Lima.  Thus is the onlv vallev that has
water, because of the Canete River, year round. Two agncuitural schools. a research
station where beneficial organisms are produced for release in biologcal controi
programs and, of course, the field research sites were visited. Several namral enemies.
both predators and parasitoids. were observed. Addinonally we observed growers
implementing the use, developed by Dr. Mujica, of an effective phyvsical controi method.
Yellow plasnc sheets. covered with vegetable oil. were camed through the fields rapping
thousands of leafminer flies. Stabonary vellow traps {50 x 50 cm) were emploved in
other fields in the area. The following day we traveled north of Lima to the Chancavlic
Valley in Huaral, another large potato growing region. Here potato harvest in addition to
visiting several fields were observed. Returning to Lima. there was a follow-up meeung.

reviewing the work accomplished and future trials were discussed

The second meeting between the participants was held 6-8 December 2004 at the
CIP headquarters. At this itme Dr. Phyllis Weintraub met with the new director Dr.
Jurgen Kroschel and Dr. Norma Mujica. We reviewed research progress

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

Israel.



B. Training
1. Of CIP personnel

2002
I. Curso de Ecosistema de zonas anidas , 27-31 Mayo 2002 Maestna Ecologia Aplicada
de la Escuela de PostGrado UNA
2. Cursa de Ecologia Cuantitativa, 12-19 Julio Maestria Ecologia Apiicada de la Escueta
de PostGrado UNA

2003
1 Individual training about tritrophic interactions (Plant-pest-parasitoids). Centro de

Investigaciones Entomologica de la Facultad de Ciencias Exactas. Fisicas v Nawrales
Universidad Nacional de Cordoba. Argentina. from 24 to 28 February 2003
2. Course: "Herramientas moleculares para el estudio de la diversidad genérnica™. 19-23

Noviembre 2003. Maestria Ecologia Aplicada de la Escuela de PostGrado UNA

2004
|. Insect Rearing Workshop, March 21-26, 2004; Mississippi State University, USA

2. Course “Modelizacion en Sistemas Ecologicos™ July 5-9 2004, UNALM. La Molina.

Peru

2. Training Activities completed (wor. s, individual raining, seminars: provided by
CclP

1. A workshop for socioeconomic evaluation and identificanon of LMF species and
parasitoids was beld in CIP Lima to national organizations from Peru, between August 3!
to September 3, 2004; with 13 participants from: Tumbes (Tumbes Nanonal University.
Lambayeque (Pedro Rutiz Gallo National Uruversity), Arequipa (San Agustin National
University), Barranca (Pativilca Imigation Committee) and Cariete {Valle Grande Rurai
Institute).

2. Individual training about [dentification of LMF parasitoids to Laura Nifio from
FONAIAP (Venezuela) was conducted in CIP Lima.



3. Group training about LMF evaluations in the field and identfication of parasitoids
was held to government organizanons PROINPA in Cochabamba (Bohvia) and INIAP in
Carch: (Ecuador).

4. Individual trainings to undergraduate students about LMF and parasitoids evaluanons
in the field were conducted in Tumbes (Tumbes National University), Lambaveque
(Pedro Ruiz Gallo National Untversity) and Arequipa (San Agustin National Umiversity)

C. Publications and patents

1. Mujica, N. (2002). Development, integration and promotion of Integrated
Management component of LMF. Activity Report, period fanuary 1. 2002- December
31, 2002 Intemnational Potato Center, 16 p.

2. Mujica, N. (2003). Development, integration and promotion of Integrated
Management component of LMF. Actvity Report, pertod- January 1. 2003- December
31, 2003. International Potato Center, 11 p.

3. Mujica, N. Espinoza, J. Lagnaoui, A (Z003). Integracion de clones resistentes ¢
insecticides selectivos en el manejo de la mosca minadora Liriomza mudobrensis
Abstracts of XLV Congress of the Entomologcal Society of Peru. 1-5 December 2003
Avacucho (Peru). p. 161

*3 Zevallos, R, Mujica, N and P Weintraub (2003) Efecto de la temperamra en ia
oviposicion, alimentacion v longevidad de Liriomyza huidobrensis (Diptera
Agromyzidae). Abstracts of XLV Congress of the Entomological Societv of Peru. -5
December 2003, Ayacucho (Peru). p. 159.

5. Mujica, N., Leiva N., Prudencio C ., and O. Oz (2003) Efecio de insecucides
sistémicos y translaminares sobre Liriomyza huidobrensis (Diptera. Agromyzidae) y sus
hvmenoptera parasitoids. Abstracts of XLV Congress of the Entomological Societv of
Peru; 1-5 December 2003, Ayacucho (Peru) ., p. 138

*6. Mujica, N., Weintraub, P, Hualla, V. and C Prudencio (2004). Dismbucion v
diversidad de la mosca minadora Liriomyza huidobrensis Blanchard (Diptera.
Agromyzidae) en hospederos cultivados en la costa del Peru. Abswracts of XL V1
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Congress of the Entomological Society of Peru. 7-11 November 2004, Arequipa (Peru).
p. 61

7. Mujica, N. and A. Lagnaoui (2004). Efecto de la densidad de adultos de Halticoptera
arduine (Hymenoptera: Pteromalidae) en el parasitismo larval en Lirtomz=a huidobrensis
(Diptera: Agromyzidae). [II Congreso Latinoamenicano de la Seccion Regional
Neotropical de |a Organizacion Internacional de Control Biologico (OICB). 24-28 Mave
2004, Havana (Cuba). Abstracts, p. CS4.7.

8. Mujica, N. (2004). IPM for the Leaf Miner Fly (LMF). Acuvity Report. penod
January 1, 2004- December 31, 2004 Intemational Potato Center. 17 p

*9. Weintraub, P.G. and Mujica, N. (Submitted) Systemic Effects of a Spinosad
Insecticide on Liriomyza huidobrensis Larvae. Phytoparasitica

*1ndicates joint Peruvian and Israeli authorship

V. Project Productivity

Afier the project proposal was written and submitted. work continued in both
countries. Between 1997 and 2001, when the project was funded, a number of
manuscripts were published by the Israeli author. directly relating 1o the proposed work
(Wentraub, 1998-2001). Additionally, duning that time, in Israel the leafminer became
effectively controlled by a guild of native parasitoids While it was observed bv growers
and researchers that the leafminer was causing less damage from 1998 onwards, the cause
was not investigated. As a result of this project, a guild of parasitoids was identitied but
because the leafminer was no longer considered a serious pest, as it was at the ime the
proposal was wntten, the project goals on the Israeli side suffered. When there are no. or
very, very low field populations, research on insecticide efficacy is equivocal - statisncal
results can not be obtained and publication is impossible.

On the Peruvian side, the project accomplished all of the stated goals. and then
some. As was mentioned in the Executive Summary, parasitoids could not be sent to
foreign experts for taxonomic identification/validation. Therefore. Norma Mujica was
trained, and gained sufficient expertise to identify most of the Peruvian species. although
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validation by an expert, such as John LaSalle (CSIRO) should yet be done Addinonally.
the proposal to control the leafminer by the introduction of foreign predators parasiteids

could not be considered.

“In the third year, the most effective parasitoid{s) and predators. as
determined by the previous vears’ work, will be released or
augmented in the environment. This may include introduction of
non-native parasitoid and predator species. Monitoring will
continue as previtously described to evaluate these effects Carefully
umed insectictde applications will be made as determined bv the

necessity of control ™

V1 Future Work

Our work will be approach to research the use of beneficial organisms and
botanical insecticides to control leafminer fly. Some studies involving botanical extracts
{itke chinaberry tree (Melia azedarach L. Meliaceae), { rginea marmmme L (Liliaceae)
(Civelek and Weintraub, 2004), Euphorbia myrsinites L. (Euphorbiaceae) and neem
(Azadirachia indica (Meliaceae) have investigated the effect against Liriomyza species
In the Caiete valley, farmers are using aqueous extract of Sapindus saqponana
(Sapindaceae) to reduce LMF populanon tn snow pea fields. but the insectcide effect of
this extract on LMF population is unknown. On the other hand, among the many fungal
insect pathogens encountered in nature, Paecilomyces fumosoroseus, 1s considered a very
promising biological control agent due to its extensive host range which includes insects
in over 25 different families. In 2004, we recovered two strains of P. fumosoroseus from
LMF aduit and are maintained in CIP entomopathogen collection. Pathogenicity and
effectiveness against LMF will be evaluated under laboratory and field conditicns The
use of theses beneficial organisms and botanical insecticides can help reduce the levels of

leaf miner fly populabons and also contributing to reduce the use of insecticides
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Mujica, N. Espinoza, I. Lagnaoui, A. (2003). Integracion de clones resistentes e
insecticides selectivos en el manejo de la mosca minadora Liriomyza huidobrensis
Abstracts of XLV Congress of the Entomological Society of Peru: 1-5 December 2003,
Avacucho (Peru). p. 161.

El ensavo se realizo entre los meses de Julio y Noviembre del 2002 en el valle de Canete
Se condujeron parcelas con v sin aplicacion de insecticida selectivos para evaluar ia
resistencia al daiio de ta mosca minadora en 11 genotipos de papa. Los tratamiemos
incluveron 5 clones resistentes (382150.16. 385524.0 393280 57. 97035 3 v 385861 12y,
una variedad tolerante {Maria tambeiia), un clon suscepunble (E86 011) v 5 vanedades
suscepubles (Canchan, Mana Reiche, Unica v Desiree) A los 90 dias despues de la
siembra el nivel de dafio foliar fue menor en los clones resistentes de papa que en las
variedades insecticidas. Las variedades comerciales registraron un porcemaje de dafic
foltar de 41 .3% v de 81.7% en parcelas con v sin insecticida respecivamente  Desiree
presento el mavor nivel de dafto con 49% en parcelas aplicadas v 100°a en parcelas sin
aplicar. En los clones resistentes se observo un promedio de 18 3% de dafo foliar en
parcelas protegidas vy de 32 8% en parcelas sin proteccion Los clones 383361 |2 v
393280.57 mostraron el menor porcentaje de dafio foliar en parcelas tratadas (16%) v
parcelas no tratadas (19 v 20%). Los clones 3855249 v 393280 57 presentaron el menor
nivel de infestacion larval en parcelas con insecticidas (0.6 y 0 9 larvas/foliolo
respectivamente) v sin insecticidas (0.8 v 1.5 9 larvas'foliolo respectivamente) El nive!
de parasitismo se vio afectado por la aplicacion de insecticidas. A la cosecha. la
significativa para las variedades comerciales y no significativas para los clones
resistentes. La integracion de insecticidas selectivos con vaniedades v clones de papa con
resistencia a mosca minadora, posibilita un manejo mas eficiente de la plaga baio

condiciones de campo.



Zevallos, R, Mujica, N. and P. Weintraub (2003 ). Efecto de la temperatura en la
oviposicion, alimentacion y longevidad de Liriomyza huidobrensis (Diptera
Agromyzidae). Abstracts of XLV Congress of the Entomological Society of Peru. 1-3
December 2003, Ayacucho (Peru) p 1359

El presente trabajo se desarrolio para determinar la temperatura mas adecuada para la
cnianza masiva de la mosca minadora L. huidobrensis. Se evaluo el efecto de cince
temperaturas constantes (15, 18, 20, 22 y 26C) en la oviposicion, alimentacion v
longevidad de la mosca minadora sobre haba, }'icia faba. como planta hospedera Se
observo una correlacion negativa significtiva entre longevidad de la hembra v las
temperaturas eswdiadas. El numero total de huevosthembra fue similar a 20 (112 2y v 22
(111.2) y significativamente menor a 15 (72.7) y 26C (88 6). La mayor oviposicion
(169.2 huevoshembra) v alimentacion (3081 4 picaduras’hembra) ocumo a 18C.
registrandose esta temperatura como la mejor opcion para mantener una cnanza masiva

de 1a mosca minadora en el laboratorio.



Mujica, N, Leiva N, Prudencio C., and O Oruz (2003). Efecto de insecticides
sistémicos v translamtnares sobre Liriomyza huidobrensis (Diptera: Agromyzidae) v sus
hvmenoptera parasitoids. Abstracts of XLV Congress of the Entomological Society of
Peru: 1-3 December 2003, Ayacucho (Peru).. p 138

Ensayos en campos expenmentales fueron conducidos para evaluar e efecto de los
insecticidas ciromazina (Trigard 75PS), abamectina (Vernmec 1 8CE). chlorfluazuren
{Atabron SCE), cartap (Padan 50PS), spinosad (Tracer 120SC) e imidaclopnd (Confidor
350S(), sobre la pobiacion larval de la mosca minadora y sus hvmenopteros parasitoides
A los 16 dias después de la aplicacién, ciromazina. abamectina v spinosad fueron los
insectictdas mas eficientes en el control de larvas de mosca minadora. con promedios de
04.16v 13 larvas/foliolo respectivamente No se observaron diferencias sigmficativas
en ¢l nimero de larvas/foliolo entre chlorfluazuron (6 0), canap (4 5). imidaclopnd (4 33
v el testigo absoluto (5.0). Ciromazina mostro una residualidad de 20 dias. Se registraron
8 especies de parasitoides de las tamilias Preromalidae (1), Eulophidae (3). Cvmpidae (1)
v Braconidae (1). Halticoptera arduine (Hvmenoptera: Pteromalidae) fue 1z espece
predominante antes y despues de la aplicacion de los tratamientos Solo ciromazina
redujo significativamente el numero de individuos por especie v el rumero de espeaes de
parasitoides, hasta 20 dias despues de la aplicacion. En el resto de insecncidas. las

poblaciones de parasitoides lograron recuperarse a los 12 dias despues de la aplicacion
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Mujica, N., Wemtraub, P., Hualla, V. and C. Prudencio (2004). Distribucion v diversidad
de |a mosca minadora Liriomy=a huidobrensis Blanchard (Diptera: Agromvzidae) en
hospederos cultivados en la costa del Peru. Abstracts of XLV Congress of the
Entomological Society of Peru; 7-11 November 2004, Arequipa (Peru) p 61

La mosca minadora L huidobrensis es una plaga principal que infesta una gran vanedad
de cultivos v sus enemigos naturales, en especial los parasitoides. conshtuven una tuente
potencial de agentes de control biologico que necesita ser estudiada El presente trabajo
busco generar informacion sobre la distnbucion, diversidad v predemrnancia de las
especies de hymenopteros parasitoides de mosca minadora en hospederos cultivados. La
prospeccion se realizo entre los meses de Julio y Agosto del 20035 en 48 locahidades de ia
costa peruana, desde Tumbes hasta Tacna. En cada localidad se colecto follaje infestado
con mosca minadora, que luego fue mantenido en crianza hasta la emergencia de ios
adultos del minador v de sus parasitoides. Los especimenes fueron identificados al mvel
de género o especie por medio de claves taxonomicas y por comparacion con una
coleccian referencial Se idennficaron 42 culuvos hospederos de Agromvzidae. sendo 22
de ellos infestados por L /udobrensis Se recuperaron 17 especies de parasitcides
pertenecientes a las familias Eulophidae (11 spp.). Braconidae (3 spp ). Eucolidae (1
spp.), Elachertnae (1 spp.) v Pteromalidae (1 spp) [La farmlia Preromalidae tue
dominante en las localidades costeras. con excepcion de Tumbes y Tacna donde los
Eulophidae fueron mas abundantes. Halticoptera arduine. Dighiphus websteri. D. begim,
Ganaspidium sp. y Chrysonotomyia sp fueron registrados en todos los departamentos de
la costa peruana. Chrysocharis flacilla fue dominante en Tacna v Ch brethest en
Tumbes. H. arduine represemo el 51% de los especimenes v fue recuperada de pupanos

de las 22 especies culuvadas

41



Mujica, N. and A. Lagnaoui (2004). Efecto de la densidad de adultos de Halticoptera
arduine (Hymenoptera: Pteromalidae) en el parasitismo larval en Liriomyza huidobrensts
(Dnptera: Agromyzidae). [lI Congreso Latinoamenicano de la Seccion Regional
Neotropical de la Organizacion Internacional de Control Biologico {OICB). 24-28 Mave
2004, Havana (Cuba). Abstracts, p. CS4.7

En el desarrollo de la crianza masiva del parasitoide larvo-pupal H. arduine. se probaron
tres densidades de parasitacion en condiciones de invernadero, usando L. hudobrensis
como insecto hospederc y fnjol (Phaseolus vulgaris) como planta hospedera Las
untdades de infestacion consistieron en plantulas de frjol con hojas cotiledonales
desarroliadas, las cuales fueron expuestas a adultos de L. Mmudobrensis de 4 dias de edad.
para oviposicion por 6 horas, lo cual produjo un promedio de 15 larvas’hoya cottledonal
Las unidades de parasitacion contuvieron cuatro hojas couledonales con larvas entre
segundo v tercer estadio larval. 1as que fueron expuestas a las densidades de una. dos v
tres parejas de H. Arduine. Las hojas fueron cambiadas dianamente por un penodo de ~
dias v en cada una de ellas luego se contabilizo el mimero de adultos de mosca minadora.
parasitoides, pupanios sin abnr v larvas no desarrolladas La densidad de dos
parejassunidad de parasitacion tuvo una produccion total de 777 parasitoides.
diferenciandose sigmficauvamente de los otros tratamientos. El mavor valor de
parasitismo fue de 80 9%% a la densidad de dos parejas/unidad de parasitacion. con un pico
de parasiismo de 923% al tercer dia de exposicion. La owviposicion hembra de
parasitoide se vio afectada por la densidad, registrandose una produccion minima de 12 7
parasitordes’hembra a la densidad de tres parejas’umdad de parasitacion. siendo este
resultado significatvamente diferente con los otros tratamientos. Asimismo. la mayor
densidad de parasitoides, incremento la competencia intraespecifica, observandose una
mortalidad de 30.8% de larvas en la densidad de 3 parejas/umdad de parasitacion. Bajo
condiciones de invernadero. la densidad de dos parejas’unidad de parasitacion resuito ia

mas eficiente para fines de crianza masiva del parasitoide.
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Systemic Effects of a Spinosad Insecticide on
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in an effort to expand the spectrum of larvicides effective against Linomy=a
huidobrensis (Blanchard), the effect of spinosad was sudied on the development of the
leafminer under laboratory conditions. Bean plants infested with various leafminer stages
{egg through third instar) were treated by dipping leaves in 24 ppm. 48 ppm or %6 ppm
at. spinosad or by drenching the soil of plants wath 200 mi of water containing 12 mg. 24
mg or 48 mg a.i. spinosad. In general, leaf dipping was more efficacious and adverse
effects were observed sooner than with soil drench. All concentrations of spinosad
significantly reduced (P < 0.001) the number of adults except leaf dip of third instar. oniy
the highest concentration caused significant reductton of pupae and adults. Spinosad
would be a valuable insecticide for control of the pea leafminer, L mudobrensis

KEY WORDS: Lirnromvza huidobrensis; spinosad; svstemic effects by soil drenching.
leaf dipping.

The pea leafminer, Liriormza huidobrensis (Blanchard), originated from South
America (1) and is a sertous pest of flower and vegetable crops in greenhouses and open
fields in many parts of the world. It appeared in Israel in 1992 and adulits are refractory
to insecticides (12). Both the larvae and adults cause damage: the larvae primanly mine
the spongy mesophyil, where chloropiasts are located (7), and the adult females puncture
both the upper and lower leaf surfaces to feed and lay eggs. This results in reduction of
both plant vigor and vield, and in cosmetic damage to leaves and stems.

There are currently no effecuve adultcides. and few effecuve lanvicides -
primarily, abamectin and cyromazine (13, 14) - against this pest; morepver. exclusive use
of one of these larvicides could quickly generate remstance. Botamcal insectiades
derived from the actinomycete, Saccharoolyhspora spinosa, have been shown 10 be
effective against lepidopteran larvae (5) stored product beetles and psocids (6), thnps (4}
and tephrind flies (9) Spinosad has been used on a few agromvzid leafminers.
Chromatomyia horticola (Goureau) (10), Liriomyza chinensis Kato (2) and Linomyv=a
rrifolii (Burgess) (3). The purpose of this research was to evaluate the effect of svstemic



(soil drench) and leaf dip applications of spinosad on the development of immature stages
of L. huidobrensis to adult flies.

Bulgarian variety beans (Phaeolus vulgaris) were seeded in 10-cm-diam pots (4-
6 per pot) with holes in the bottom. in soil consisting of equal parts peat moss.
vermiculite and sand. Plants were grown at 23 + 3° C, with a photoperiod of 14 10
(L:D), untl two true leaves were fully expanded, unless otherwise stated In all wals,
plants were placed for ca. 3 h in a cage with a small number of adults from the stock /.
huidobrensis colony. The short oviposition access period aliowed for synchronous egg
hatch and subsequent larval development. After oviposition, plants were removed and
maimained tn a growth chamber at 23° C and a photopenod of 14:10 (L D). In thals
involving egg treatment, eggs were counted immediatelv after pots were removed from
the stock colony of adults. In trials involving treatment of the three stages of larvae. the
number was counted immediately before treatment by using a stereo-microscope with
sub-stage lighting

Spinosad (Tracer, imported by Agrochem, Petach Tikva. Israel) was used in ail
bioassays and was applied to the soil or leaves of bean planis In the leaf-dip tnais, soi
was first watered to runoff, and then covered with thick layers of paper toweling to
prevent spinosad dilutions from dripping off the leaves onto the soil. and therebv causing
a systemic effect. The leaf dip consisted of water control, 24 ppm, 48 ppm or 96 ppm
active ingredient (a.i.) spinosad. Leaves were dipped for 10 sec For the drench. piams
were watered 2 days before spinosad application.  Soil was drenched with either 200 mi
water (control), or 200 ml containing 12 mgai, 24 mg a1 or 48 mg a1 spinosad. Plams
with eggs, or first, second or third instar larval leafminers were reated To avoid
possible adverse effects from the larvae being crowded on the leaf and stressed because
of inadequate food, only leaves with less than 10 eggs or larvae were used. The number
of individuals surviving to the subsequent stage was counted until pupae emerged. Paper
envelopes were 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 Pemn dishes to
observe adult emergence. Each trial was repeated untl a minimum of 70 individuals
were treated per concentration and application regime. Percent survival data were
transformed by arc-sin before analysis Data were analvzed using two-way analvsis of
variance (ANOVA), and means were separated using Tukev's HSD quantle funcuon.
using JMP5.0.1a(11).

For the leaf dip (Figure I, LE, L1, L2, L3), all three concentrations of spitnosad
were most efficacious when appiied to the egg stage (df = 3. 99 F =290 0, P < 0 0001}
Death occurred pnmarily in the first instar; presumably shortly after emergence from the
egg since observed tunnels were usually less than 3 mm long  Only with the lowest
concentration did some first instar larvae survive to second instar. With treatments at
successively older larval instars, the spinosad was slightlv less efficacious: only the
highest concentration 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 1(DE,
D1, D2, D3). In general, larval response (montality) to the spinosad soil drench was
slower; this because the insecticide was being taken up by the plant and acted in a
systemic fashion. When the soil of plants with leafminer eggs was drenched. 80-90% of
the first instar larvae were killed with the two highest concentranons; however with the
lowest concentration only at the third instar stage were > 95% of all treated larvae klled.




Treatment of the third instar larvae yielded significant results (df =3, 73, F=46 65 P <
(.0001); however in the lowest concentration ca 50% of the adults survived.

These treatment concentrations were chosen to cause a wide range of mortality in
L. huidobrensis. Unfortunately, new insecticides are usuallv over-used by growers which
causes insecticide resistance. Parrella and Keil (8) showed that some insecticides became
ineffecthive against L. trifolii only 2 years after introduction  Ferguson (3) showed that
populations of L. mrifolii collected from omamental greenhouses had up to a 1.192-foid
resistance (LCso 1,586 ppm, leaf dip) to spinosad as compared to a susceptible reference.
but reverted relatively quickly (< 10 generations) to reference-strain suscepubility when
reared without insecticide pressure. Spinosad is very effective against all larval stages of
L. huidobrensis and, if used judiciously by alternating its use with other translam:nar
insecticides, will give reliable control for a long time
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