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The mairl, Durpos of this resear-ch" program, is to select for 
Spesticide ,resistance in effectv biologi trol agents. Sp-cies 
4~of AphyisI Hc-sar& (Hymenoptera: Aphelinidae. 4 mprtant parasites 6f, 

armored scale~ nsecz (Hcmoptera>'jDiasipidae), hv enchsn 
the target 4organism Collaboration "' th the' Philippines inl~ the 4 bK4 

Stransfe'r- of ndti ve~Aphytis stocks to Israel. 'adtransfer of the 9 1~ 
-~"1relevant,,techno,g th Piipins 

Asexplair~ed in pre~iu rgesRprs the roj ect became' 

~~>4~3,operational~ in Israel on December- 3, 1986. Th~e subcontract with4 the'. 
~414~, Cooperating Institution, University of the Philippin sat Los Banos, 

wssge ony towqards the nd of, June, 1987.' Th& 4 Principal*W~'
Investigator visited th~e, Philippines for- the first' time iOcoe,0 

18, 4and a trainee from the Philippines has come to 'Israel in March 
1988, for a six-month visit. 44 

'4Accompiments Since Prog-ess Reoort No. 3 4 , 43,,. 4~4~,4

"-'44Thef "And 'ad" line of 'Aphtis 'holoxanthus. has been'' futiih~, -

sected frazinphasmethyl, 'Setioneitac1 ntensity was~''"~ 
'increased arid 'relaxed periodically, uing3 the mdfidepouemethod4'~'' 

described in Progress Report No. 3. LC8 'is
3currently,1600' 320p,*'m.~"4 

" 
.4~j >Unforiti~ately, this population' was~contaminated wit ApHytis <4' 

"4y""'4)~?coheni, -which appears to-be -a better cmpetitor, on'ivy scale' under~ ~ 4
, 

laboratory conditions. We have since succeeded in establishing a pure 
culture of ' holoxanthus by, passage' through' a 'selective host', Florida 
red scal e; which is hot attacked by "A""' coheni 4 This "ha entailed some 4 

~~ ''4"'lqss, of,'poulao 'and of selection potential.-
4 )'"'~ 3 ~43~ 

A ' '"""', 

4444 



S'terehae bensome iicatiaons ththis A-holoxanthus-populion 'may, haveA r a beeci~ 

',,mdeicrese is gnetic v-ihlt ,"'1ough utiliaino 

The~Aphytis ?coheni line which~i 'bin seetd.o ritac 
Ito azinphosmethyl'has now undergone. qcce.Frte last 

15
jeetoncce,,Fr
 

two generations, the W - has been doubled twice and isnow 100 ppm. 
: 80SSensitivity' test of' thi's population have theindicated possible 

'dvlomet of incipient resistance: Dosage-~r~otality lines"'show two 
~ inflection points,, a si~uatioxn typical ~Of populations consisting -of 

Sboth susceptible and resistant indijvidu&Is. 

A separate line of the A. ?coheni population has been, under. 
select'in for to- permethi 12resistance o generationz. ;-The 
o-riginal 1C0 of 350 ppm has been, increasedt 0-10 p. fe 
-the 10Oth selection cycle, repellency~ to pemethrin became apparent 
and the exposure method was mroified-. ai described~for A.; holoxanthus 

~ ~in our Progress Report N. 3. ~ 

~Y~The A. ?coheni population, which was origir aly obtaedfo a 
Svery heavily treated citron orchard, has yet to be compiared to a more 
typical fieldI population.; Such a population has'i5oi been sectured, ,butlA;, 
-its conspecificity has to~be atablishe byrcircl rsinAs 

<Inasmuch as A. coheni-is for all pratical purposes sibling speciesa 

1of A. lincnnesi, ure ocf lthe 'latter will~also be obtained for 

'crossn {ests with~u ouiin 

mal
AK] selection project 'was 'initiated in an effort 'to :icras 
- ~the selection response of the A. ?coheni azinphosmethyl line. ,Pupaey;' 

12 'gnrto, 1 'asof "age, were sexed and 'the emergent-' 
virgin f-irnles'w'ere' then ex-posed to suitable J~scale' inisect hosts. rhe 

v all'.f-male' 'offspring of 'these, females 'were s-selected with ,400 $ppm 
'1azinph~ieh4 r'esulting~inhosm-l25 percent survival. wereca Sur~vivors 

mated with virgin females,f which were ,then expoed with themn to hosts' 



iiAnother, batch of'rgx feijj pateyepedoot{"hts
 
to producegmales~ for 'the 'next select ion. Male~ survivors were againiA'
 
maitedto virgin femallem Henceforth, only. the, offspring of matings of,,.
 

ndvrgin,' unselce we~~~e ~'~7~ fealI e used. Al available 
pupe w~ere" collected from under scale covers anid sexed; resultant 
Ivirg 1tn females We-re allocated, for the production of' males or 'as mates. 

for 'suvivrswheeasthe males were~ in-,ludedinteslcoW 

procediure.~ 

ln prelimi!nary experiments,' a suitable 'mating ratio wias 

establishe'd fcor A. ?coheni. When the natural sex ratio of this secies 
-' (c 2.1 females per male) was ekceed-d, very <few female 'progeny were 

obtained tinder our experimental conditions 'and "i~jected seleto 
intensity, a ratio of 1.5 femalesper male wias found to be optimal 'fo r '" 

efficient util'izatioii of vi'rgin female material. 

44Mr. Pio Javier of' the Department of Entomology, University of' the 
Philippines 'at, Los Bafl6, "has arrived in Israel on March~6,198t 
tak~e part in this, project. The male selection program 'has been his 
main responsibility, but he is also actively participating in al 

ohraspects ofteproject, 

Additional shipments of Florida red scale material havec ee 
received from the Philippines. Unfortunately; 'only oeo hs, 
has -yielded some -15 "live Aphytis specimens, I and -preliminary. 
examination has indi'cated that "they are not A. holoxanthus. Efforts. 

wilbe mariet otifrher shipments., -' 
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"Immediate ri Plans----.-

Additional -hip~ents Of Flrd edsaeare anticipated to' 
y'ield live Aphvt is Nwhich; 'wl11'be propgated 3 and tested *for- pesticide ~~K 

,,. , 7The, A. holoxanthus, azinphosmnethyl selection line ~will b 
d ortheau' ;6 dgre_ o:resistanci attained. In an attempt 'to >" 

increase geneticivari abi1ity in this population, the chemical mutagen' ~..h''3 
___ me'rthanie sulfonate (M)wlbeicroadintedyed sucrose' ' 

solution w.hich"'nrmally serves 'as the? carrier' for pesticides in our 
experiments. Pre-starrved insects will be exposed -for , ,ppropriate 
feeding' periods aicd will. then be reeaedono utale hst' 

Fbollowing the E~treatment, Ielection will continue. 

A laboratory stcck of A. 337 jfq~nens will be obtained from the~":
 
U~niversity 'of Californiia, Riverside, and reciprocal crossing' tests 

Swill be performed with our A. ?coheni population. .3. 

The A, .coheni mass selection porain for azinphosmethy1; 
~%~33-~resistanice will' be; concl~uded, to be followed up., by a male selectio'n 

procI am with'the same stock. The A. ?coheni permethrin program willV4 '33 

be intensified and pursued for several additional3 generations, to -#~
follow up the 3recertly observed repose
 

Utpon his return to the Philippines in September, Kr. Javierwillc';-.3& 
establish facilities, and requisites for- a parallel rearing 3and'>,'~'33~ 

.~}33 selection program. Dr. A. Havron will then visit h hlipnsi
November. 3 
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Background
 

The main purpose of this research program is to select for
 
pesticide resistance in effective biological control agents. Species
 

of Aphytis. Howard (Hymenoptera: Aphelinidae), 
important parasites of
 
armored scale insects 
(Homoptera: Diaspididae), have been chosen as
 
the target organisms. To assure a broad genetic spectrum, Aphytis
 
stocks obtained both 
from Israel and from thu Philippines, which is
 
part of their native home, are to be included in this study.
 

As explained in Progress Reports No. 1 and 2, the project became
 
operational in Israel 
on December 3, 1986. The subcontract with the
 
Cooperating Institution, University of the Philippines at Los Banos,
 
was signed only towards 
the end of June, 1987. The Principal
 

Investigator visited the Philippines in October, 1987.
 

Accomplichments to Date
 

The "Ami'ad" selection line of Aphytis holoxanthus has undergone 
8 further selection cycles with azinphosmethyl, at 2,000 - 16,000 

individuals per generation, This population is currently under 
selection at 800 - 1600 ppm of azinphosmethyl, which is roughly 

equivalent to the recommended field dosage on citrus. 

The exposure method for this population was revised after the
 
13th selection cycle, when a degree of repellency to the poison, as
 
offered, became apparent at the high concentrations required for the
 
predetermined mortality levels. Using the 
same equipment and handling
 

methods as Lefore 
(see the original Research Proposal, page 17), the
 
wasps were hencefurth confined in the cells 
with azinphosmethyl/
 

sucrose solutions for 20 hours, without prior starvation (replacing
 

one hour of exposure after 3 hours of starvation). Better uniformity
 

of exposure was thus obtained.
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Several additional field populations were tested, and among them
 

one stock of Aphytis holoxanthus, collected at Ma'ale Gamla, showed
 

high tolerance to azinphosmethyl (LC85 at 800 ppm), close to the value
 

originally found for the "Ami'ad" population currently under
 

selection. A laboratory colony of this population was started and
 

etposed at the current LC80 level of the selection line (800 ppm). The
 

survivors were incorporated in the selection line, with the dual
 
purpose of introducing possibly different, or superior, genes for
 
azinphosmethyl resistance, counteracting possible
and deterioration
 

owing to prolonged selection to laboratory conditions.
 

The colony of Aphytis coheni, described in Progress Report No. 2,
 

is currently being selected for azinphosmethyl resistance for the 9th
 

generation. No repellency has been encountered with this stock, and
 

selection is proceeding at 800 ppm.
 

A separate line of this population has been undergoing selection
 

for 3 generations to p3rmethrin, at 200 - 400 ppm and 20 - 35 percent
 

survival.
 

In the Philippines, extensive surveys for armored scale insects
 

and their parasites were initiated in 1987 prior to the Principal
 

Investigator's visit, and adequate rearing facilities were established
 

at the University of the Philippines, Los Banos. During October, 1987,
 

the Principal Investigator joined the Cooperating Investigator and her
 

associates in surveys of the Florida red scale and 
other potential
 

hosts of Aphytis on citrus, coconut, etc., on the islands of Luzon,
 

Mindoro and Mindanao. Numerous samples were collected and hand-carried
 

to Israel, where they are being processed in quarantine. Further
 

surveys have been made since then, and several laboratory cultures of
 

armored scale insects have been start6d.
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Immediate Work Plans
 

Further shipments of Aphytis will be made from the Philippines to
 

Israel. As soon as adequate scale-insect cultures are established
 

in the Philippines, Mr. Pio Javier of the University of the
 
Philippines, Los Banos, will come to Israel for a six-mcnth training
 

visit. He is expected to arrive in March and will participate in all
 

aspects of the project.
 

Any imported Aphytis species will be tested for their pesticide
 

tolerance. The three selection prog-..ns will be pursued until a
 

selection "plateau" or 
 a prolonged "no response" situation is
 

encountered. If the levels of resistance attained by then 
are deemed
 

unsatisfactory, mutagenesis by irradiation or by chemical 
mutagens
 

will be attempted. When a considerable resistance ratio is established
 
by LC50 tests, genetic analysis will be undertaken as described in the
 

original Research Proposal (page 19).
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Background
 

The main purpose of this research program is to select for
 

pesticide resistance in effective natural enemies. Species of Aphytis
 

Howard (Hymenoptera: Aphelinidae), important parasites of armored
 

scale insects (Homoptera: Diaspididae), have been chosen as the target
 

organisms. To assure a broad genetic spectrum, Aphtis stocks obtained
 

both from Israel and from the Philippines, which is part of their
 

native home, are to be included in this study.
 

As explained in Progress Report No. 1, 
the project became
 

operational in on 3, 1986. The
Tsrael December subcontract with the
 

Cooperating Institution, University of the Philippines at Los Banos,
 

was signed only towards 
the end of June, 1987. Funds are currently
 

being transferred to the Philippines.
 

Accomplishments to Date
 

Base lines 
of tolerance to azinphosmethyl (an organophosphorus
 

insecticide), carbaryl (a 
carbamate) and permethrin (a synthetic
 

pyrethroid) were derived from 
tests carried out on a susceptible
 

laboratory culi.e of Aphytis holoxanthus DeBach, according to the
 

methodology described in the original research proposal (for 
further
 

details. see Havron et al., 
1987). From the resulting dosage-mortality
 

lines (Fig. 1,, the relevant LC50 and LC80 values were obtained (Table
 

1).
 



Table 1. Tolerance 

three pesticides.A~ 

of a laboratory culture of Aphytisxholo'atu 
In xa u 

o 
to 

Petc~d LC50 

(ppm) 

LC 

(ppm) 

Slope 

(1/variance) 

N 

(;No.tested) ~ 

'j, 

S Azinphosmethyl 7TA 
Carbaryl 56.2 

Permethrin 97.7 
---- -----------------------------

21.1 1.97 
175.8' <1.72 

182.0 3.12 
-----------------------------

3258,1 

1062 

739 

7~ 

~y.~ 

~<-~--~ 

4Ten stocks of Aph tis holoxanthus were collected from Florida rd 
scale (Chrysoinbhalus aonidum (L. )I populations on citrus in various 
parts of Israel and tested fox' their tolerance to azinphosrnethyl, 
carbaryl and permethrin. on comparison with the sucpil5aoatr 

culture, the "Ami'ad" stock was found to be 3.8 times more tolerant to& 
azJinphosmeLt)yl, and the slope of tedosage-mortality line was O.47 as~
compared to 1.97, indicating a M42 higher variation in tolerance. Th 
" Nir Israel" stoc~i was X3.6 morz~e tol'rant'o cabrlta h 
laboratory culture. All other- stocks were found to be ni o to 
these. Laboratory colonies have been establ ished., from,':th~e IAm lad sand .k 

Nir Israel stocks. 
IF 

7 

4 

4 

4 

jThe Ami'ad colony has to date~been ,subjected, to, 11selection>. 
cycles, exposing.3500-6500 individujals per generation to"'solutins 4of' 

S azinphosmethyl. Selection intensity, wasmitinda 40% sui'vlI4.~ 
Th initial concentration of', the azinphosme thyl 'solution (50ppm~ 

6C~0 ),was increased afeIr4cce o100, ppm and'after the 8 1cycle~ 
to 200. ppm, indicbting a,4,fod' increase' in tolerance., selection is 

'-'mpresently proceeding at 400',ppm 4 
4- . 

~ ~ -- A, colony of Aohtis coheni "DeBach was obtained from the 
CaClifornia r,9d scale fAonidiella auranti i (askel 1) col lecte' in a': 

~ ~i~citron~ grove,. that had" Lben'' subjected to ,a' par~.idculaiily intense 
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pesticide regime. Preliminary tests indicated a 10-12 times higher
 

tolerance to azinphosmethyl and twice the tolerance to permethrin as
 

compared to the laboratory culture of A. holoxanthus (no susceptible
 

A. coheni population was available).
 

Prior to selection with A. coheni, laboratory procedures were
 

adapted to accommodate work with this species. Relevant biological 

characteristics such as developmental period, longevity, fecundity and 

rate of increase were studied under laboratory conditions of 26±10 C, 

60±5% R.H. and L:D = 16:8. Whereas the rate of development was similar 

to that of the A. holoxanthus cultures (minimum 14 days), the rate of 

increase per yeneration was considerably higher in A. coheni (X25 -
X35 as against X2 - X6 in A. holoxanthus). This higher rate may 

sustain a considerably higher selection intensity. Similar numbers of
 

all-male offspring were obtained from unmated females.
 

A selection program for azinphosmethyl resistance in A. coheni
 

has been initiated at 400 ppm (LC7 5), and is currently proceeding at
 

800 ppm after 3 generations.
 

Immediate Work Plans
 

As soon as the Philippine part of the project becomes operative,
 

shipments of Aphytis will be made from the Philippines to Israel on a
 

regular basis. The Principal Investigator will visit the Philippines
 

in October, 1987, to coordinate research efforts. Extensive collection
 

of Aphytis will be made at that time, in collaboration with the
 

Cooperating Investigator.
 

Selection for azinphosmethyl resistance in A. holoxanthus will be
 

pursued at increased concentrations and selection intensities, until a
 

selection plateau is encountered.
 



Genetic analyses (by back-crossing) will 
then be undertaken in
 

order to 
establish the nature of the resistance trait(s) (mono- or
 
polygenic) and 
 their dominance characteristics. Tests with other
 
pesticides will be carried out 
in oraer to establish possible cross

resistances.
 

If imported stocks of A. holoxanthus are available, they will be
 
used for the introduction of 
new genetic variability by hybridization
 
and further selection. Alte'natively (or concurrently) mutagenesis,
 
preferably by irradiation, wil, be attempted for 
the same purpose.
 
If other Aphytis species are imported, they will be tested for their
 

tolerance to the three pesticides.
 

Seiection for azinphosmethyl resistance in A. coheni will proceed
 
at increasing selection intensitics. A selection plateau will 
be
 
followed by the same procedures as outlined for A. holoxanthus.
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Fig. 1. Tolerance of a laboratory culture of Arhytis holo:-anthus 

to three pesticides. 


