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I. Introduction

This is the sixth technical report to be published for the project
(1965, 6, 7, 8, and '70). The Project was begun under the title of Potential
for Gamma-induced Sterility in Control of the Sugarcane Borer (Diatraea
saccharalis), and the program as now called the Insect Sterility Program.
The original motive was to determine if the sugarcane horer could be sterif
lized by gamma radiation and to develop rearing methods suitable for adapting
to a factory rearing method with the objective of releasing fully sterilized
borer males into a natural population as a mass sterile release program.
Subsequent work has demonstrated that adult males and females can be steri-
lized by 90Co gamma exposures and field tests showed that it might be practi-
cable as a means of eradication of this species. Several problems prevent a
high degree of efficiency for the use of this method for this particular
species however. Among these are the short life span of the adults (whether
sterilized or normal), necessitating the frequent overflooding to maintain
the necessary sterile to normal ratios; the high cost of production of sterile
adults for release; the difficulty of adapting to factory rearing methods to
produce millions of individuals of this species to sterilize; the long larval
developmental period; multiple mating; and the necessity for sterilizing the
individuals for release in the adult stage.

To solve the problem of eradicating this species we explored the
possibility of giving sub-sterilizing dosages of gamma radiation. This was
found to have some important advantages over the release of individuals that
are fully sterile-i.e. resulting semi-sterile offspring as contrasted to
dominant lethals in embryonic development. Originallv we called this effect
Delayed Sterility, but later we have coined the phrase Inherited Partial
Sterility. 1In addition to the suparcane borer we have cbserved the IPS effect
in other lepidoptera Lamprosema indicata, Prodenia ornithogalla, Heliothis zea,
and in one hemiptera (Nezara viridula). Some of this work is discussed in this
report. In addition North (1968), La Chance (1969), Proshold (1970) and others
have observed the same effect in other lepidoptera, in hemiptera and in
homoptera. The original observations of this effect were reported by Proverbs
(1962) and by Husseiny (1964), but no practical significance was attributed to
it. Walker and Pederson {(1969), Knipling (1969), North (1970) and others have

shown how IPS might be used to suppress or to eradicate a pest population from
a theoretical standpoint.

Therefore the original thrust of the program (studv of the suparcane
vorer intensively with the motive of eradication) has heen changed to concen-
trating upon general means of suppression and eradication of pest species that
have holokinetic chromosomes. Our present chjectives are in the direction of
determining the mechanisms that cause the delav in mortality, and particularly
how this mechanism(s) can be used most effectively within the reference of
integrated pest management systems. The application of the method to pest
population control is still the most important aspect of the program, but in
addition the converse concept of how a strain cap maintain itself while
carrying a heavy gene load is of considerable significance as well. We
suspect that the long-term effect over manv successive generations is due
primarily to point mutations, eliminations and hreaks. We believe this to bhe
the case for several reasons. Translocations commonly occur at dosages of
one-half to three-fourths of the dose needed to cause complete dominant




lethality (25 kr). however we encounter the IPS effect when there are no
observable translocations in meotic divisions. This of course does not
mean that the translocations are not present. Since individual fragments
operate as separate and distinct chromosomes we suspect that the code is
nearly complete in IPS lines from low doses, but that the code is in a
scrambled version. Some indirect evidence can be used to support this view,
although the evidence is not sufficient to prove the point.

Subsequent sections of this report discuss the work of the nrevicus
year, and evaluate the significance of the work and its relation to other
related work particularly in relation to pest management systems, future
plans and a narrative report are also included.

At present the program is funded by a grant from the US Atomic
Energy Commission Division of Biology and Medicine and a grant from the US
Department of Agriculture. In addition to these we are working cooperatively
with the Experiment Stations of both the Commonwealth of Puerto Rico and with
the USDA Federal Experiment Station, and with the Entomological Laboratorv of
the Biology Department of the UPR in Mayaguez. These cooperative programs do
not entail the interchange of funds.

Among the many individuals deserving acknowledgement for their
cooperation and adviece I would like to mention Dr. Murrav Blum (Univ. of
Georgia), Dr. R. C. Von Borstel (Univ. of Manitoba), Drs. Robert Rabson and
Charles Edington (DBM of AEC), Drs. Frank Koo, Shreekant Deshpande, Jose
Ferrer-Monge and Mr. Jose Cuevas-Ruiz, Mrs. Dolores Ayguahibas de Ruiz and
Mr. Samuel de la Rosa, of PRNC, and Drs. Goru Kuno, Chester Moore, and Flavio
Padovani and Mr. Ruben Restrepe of the Biology Department, UPR Mavaguez,

Dr. Nader Vakili of the USDA Experiment Station and Dr. Niilo Virkki of the
UPR Experiment Station, Rip Piedras.

I1. Accomplishments

For convenience of presentation results is under general subject
headings with sub-divisions by species.

A. Laboratory
Lepidoptera

1. Diatraea saccharalis Fab. (sugarcane horer)

We are maintaining one strain of this species in the laboratorv on
a modification of the Shorey Bean Diet (Walker, Tech. Rept. 6, 1970) in a
ten inch plastic dish with a cover. Larval is good except for the first
stage. This method was recommended bv Dr. A. N. Sparks, USDA Southern
Grain Insects Laboratory at Tifton, Georgia (personal communication) and is
a modification of the method used for the Furcopean Corn Rorer. Theoretically
the mature larvae leave the food before pupating, migrate to a wax—-covered
ring made of corrugated paper and pupated in the food itself. Two generations
have been tested with this method and survival was approximately 70 percent in
the first genmeration (700 larvae) and about 60 percent in the second (using




1.200 larvae). Transfer to the container was made by shaking larvae from
oviposition cups directly. There was considerable bacterial and mold
contamination in hoth tests. Containers can be washed, sterilized with
calcium hypochlorite solution and re-used. Similar tests in smaller
rectangular plastic containers have yielded comparable results. Future
sugarcane borer rearing will be in these plastic containers. The advan-
tages are fairly high preduction capacity with minimum handling and
attention. The major disadvantage is that larva to larva disease trans-
mission is facilitated.

Since the diet is nutritionally adequate there is a minimum of
cannabalism except for accidental feeding of larvae upon pupae. It may
be possible to devise an easy method for harvesting adults directly from
these containers by using a light source for attracting the adults.

Less than 10 percent of the adults have manifested phvsical
deformities caused by overcrowding or by inadequate diet. Dr. Kune has
isolated material from diseased horer larvae and is testing the inocculum
prepared from these into healthy larvae in an attempt to isolate and
identify the pathogen(s). Microscopic examinations have not shown fungi
nor bacteria so that a virus infection 1is suspected.

Rearing capacity for this species is apparently limited only hy the
labor force available. The strain selected and the laboratory regime and
diet appear to be adequate for producing several thousands of adults
weekly under the proper conditions and with adequate facilities. Production
cost is still high. approximately 0.2 cents each, this includes labor COSts.

2. Prodenia ornithogalli Gn. (vellow striped armyworm, subfamily
Amphipyrinae, Phalaenidae)

This species is a large-size larva that attacks vegetable and other
succulent crops, it has a wide host range, including (beans, tobacco, weeds,
Practically all vegetable crops). Mating is nocturnal, and adult lifespan
is fairly long in the lahoratory. It is rarely encountered during the day
on plants since the larvae pass the day in soil and feed at night. The
species is particularly damaping to young plants.

This species develons well in the bean diet for sugarcane borer,
Two generations were passed in the laboratorv and preliminary radiation/
sterility tests were made. The strain selected underwent an arrested
development after the second generation and the adults produced emerged over
such a long period of time that it was not possible to obtain viahle off-
spring for a third generation. This species will be available early next
year and we will continue our work with it at that time. Only a single larva
can be grown in each cup. Fairly large mating and oviposition chambers are
needed to culture this species. Because of the large size ¢f the larvae
haemolymph is available in considerable quantity, a decided advantage in the
protein electrophoresis worl:.




3. Lamprosema indicata (Fab,) (pega pega, Pyralidae)

We were able to develop a satisfactory combination of diet and
container for rearing larvae of this species (bean diet) however we had
great difficulty in providing the proper conditions for mating. Mating
frequency was higher when adults were able to fly horizontally over a
considerable distance at bean plant height. Mating was better in cages
when plants were provided. Even though reproductive rate in nature is
very high we were not able to havest more than 15 to 20 fertile eges per
mated female. Due to these difficulties we have temporarily suspended
work with this species.

Hemiptera

4. DNezara viridula (L.) (southern green stink bug, Pentatomidae)

Mr. Ruben Restrepo has performed most of the rearing work on this
species. He is working on a volunteer basis. We have cultured this
species through 6 generations using a combination of diets. Attractant
tests and nutrition tests were mentioned in the previcus report (Walker 6,
1970). A meridic (defined) diet has been adequate for supporting 3 gene-
rations of this species by Mullet and Rodriguez at UPR Mavaguez. Mr.
Restrepo is capable of maintaining it on a combination of guava and
acerola nectar (available as a canned juice), bean pods (wild bean) and
cabbage leaf. Although the rearing methods tested need considerable
refinement it is apparent that we will be able to make evaluations of IPS
with the rearing procedure that we have, IPS tests with this species are
discussed in a later section of this report. Since the previous report we
have changed to one gallon containers for enclosing adults and nymphs of
this species: survival and lifespan has been increased as a result.
Providing a constant air stream through the net covering over the
top has also helped to maintain the laboratory colony. Current production
in the laboratory is 20 to 30 adults per week, but under these conditions
and with adequate labor this can be increased to 400 to 500 adults per week.

Adult lifespan has exceeded 3 and one-half months in some of the
tests. Mating has been observed and egg development has been studied so
that fertile eggs can be distinguished from haploid eggs as shown in table 1.

The only serious problems encountered rearing this species is keening
sufficient food available and separating nymphal stages so that predation is
prevented. This commonly occurs at the time of molting, mature individuals
feeding on younger nymphs while the integument of the younger individual is
still soft.

5. Other species cultivated

In addition to the above we have tested artificially rearing the
following: Prodenia eridenia (Phalaenidae Lepidoptera) ; Acrosternum
marginatum (Pentatomidae Hemiptera); Leptoglossus gonagra (Coreidae
Hemiptera): Diaprepes abbreviata (Curculionidae, Coleoptera): Trichoplusia
ni (Noctuidae, Lepidoptera); Phyllophaga vandinei (maybeetle, Scarahaeidae,




Coleoptera): Cosmopolites sordida, Metamasius hemiptera, Cylas formicaria,
and an Anthonomus species (Curculionidae, Coleoptera).

We will be capable of rearing P. eridenia and T. ni without too
much difficulty, however there is no great advantage in rearing the former
when we are rearing P. ornithogalli and T. ni is being investigated hy USDA
scientists,

We had considerable difficulty rearing all of the Coleoptera for a
variety of reasons. The food was not acceptahle to larvae in some cases,
and there was considerable migration from the cups in the root inhabiting
species, as well as a very long larval lifespan, for these reasons they

were not suitable test insects for laboratory studies.

All of the above species are of some economic importance to commer-
cial crops in Puerto Rico.

B. 1Inherited Partial Sterility
Lepidoptera

1. Dbiatraea saccharalis

Tables 2 to 25 and figures 1 to 25 show the mating lineages and
reproductive potential of lines at various P generation doseages. Compa-
rable Control lines do not show decrease in fecundity over subsequent
generations as the IPS lines do. By itself this data is difficult to
interpret with any degree of meaning. It is important to note that there
have been no lines that have shown a high degree of chromosome fragmenting
(Virkki). This is the case whether the particular line has demonstrated
IPS or mot., Originally we suspected that the IPS was caused mainly from
translocations. This hvpothesis appears to have been a valid one, and
indeed there may he translocations which we have not observed, however none
have been observed upon cytological examirnation of male mejotic divisions
(metaphase). This is in itself an interesting phenomenon, and it raises
the point that translocations themselves may not be the sole cause of the
late manifestation of lethal factors in subsequent generations,

The fact that we did not observe cytological aberrations while there

was still TPS effect indicates that there are other genetic mechanisms that
might explain the carrying capacity of these lethal factors,

The preliminary conclusions that can be drawn from these tests include
the following:

1. Although the survival rate in the first and second generations
of the egg stape is considerably reduced at higher doses the -
survival rate of ensuing generations is not, i.e. P and F1 gene-
ration produced embryos show a dose-dependent relationship,
whereas ensuing cenerations do not.




2. In non-afflicted lines there is very little embryonic death
and larval mortality is highest in the first stage with less
in the fifth stage and the pupal stage and virtually no death
in the other larval stages. In afflicted lines the proportion
of death in embryonic stages is considerably hipher and the
death rate is uniformly high in all larval stages.

3. Female lines are capable of transmitting, or comversely sur-
viving IPS factors, but to a slightly less extent than male
lines. Farlier tests showed that female lines were incapable
of transmitting IPS more that two successive generations through
the female side only.

4. Development rate in afflicted larvae was considerably longer
than in normal larvae, regardless of the generation number.

5. TIPS factors are apparently not selected against, even by out-
breeding as far as the seventh or eighth generation.

6, No phenotypic abnormalities were ohserved. Mating frequency
was less in afflicted lines, but mating hehavior was normal.

7. Preliminary gel electrophoresis work with hemolymph proteins
from normal and afflicted lines of larvae are similar in
profile, but there is such variation in profiles of larvae of
different ages that it would be difficult to make a statement
about the similarity between afflicted and normal lines.

One of the most difficult problems encountered in studying the
hemolymph proteins has been to develop a method for concentrating the
proteins sufficiently to get distinct bands in the gel, Related to this
is the labile nature of the proteins, apparently they are of fairly low
molecular weight. A graduate student will he working on this problem for
her dissertation in the near future.

2. Prodenia ornithogalli

In the preliminary tests at low dosages (4, A, 8 and 19 Krads) to
P generation adults larvae hatched but did not survive to pupate., Further
tests are planned in the future. The sterilizing dosage has not heen
determined.

Hemiptera

3. Nezara viridula

One series of adults was treated with 1.5, 7.5, or 15.0 Krads, mated
and observed for egg development as shown in Table at the two higher
cases. None of the eggs from treated females survived the nymphal stages
to become adults so that it was not possible to observe Fj egp hatch. At
1.5 Krads we are rearing inbred lines of F) nympho from the T; gereration.




In a previous series F, adults had produced offspring that had survived
to the second nymphal stage at the 2 Krad treatment. This line was lost
at the F; egg stage.

Egg development was slower from irradiated parents than from
normals, but nymphal development was almost as fast as normals. Lifespan
was reduced by irradiation, and in these tests mating frequency was less
than in the normals. Dissection after death showed no morphological
differences between irradiated and normal females, however egg production
was lower in irradiated females. Unfortunately it is difficult to ascer-
tain the number of times that a female has mated since the sperm are not
in spermatophores. The courtship behavior is distinctive but not parti-
cularly elaborate in this species as is described in Table 1. Nevelopment

of eggs from irradiated and normal adults is also described in the same
table.

C. Fractionated Dose Observations

Sub-sterilizing doses have been given to adults of both the sugar-
cane borer and the armyworm as fractionated doses in preliminary tests.
Exposures were given four hours apart in 2 or 4 Krad increments. The data
obtained has not been sufficiently consistent to demonstrate a difference
between a total dose of 4 Krads as a fractionated dose or as a single
exposure. Likewise there has been no observable difference between 8 Krads
as a fractionated or as a single exposure dose.

D. Hormone Treatment

Previous work has shown that some of the juvenile hormones cause
chromosome puffing in addition to their main effect on developmental
retardation. Because of this observation we have initiated work with the
objective of measuring the combinéd effect of hormone treatment and irra-
diatien.

The effects of Juvenile Hormone B (Cal Biochem) and Ecdysterone (Mann)
have been evaluated with larval sugarcane borers. Neo males survived
treatment of 1.0, 10.0, nor 100.0 micrograms of injected juvenile hormone
to the fourth stage larvae, however females were able to complete their life
cycle and were subsequently irradiated with 4.2 Krads ©f gamma irradiation.
Offspring have been harvested from the 100.0 microgram treated females after
breeding them with normal males.

None of the male fourth or fifth instar larvae treated with 1.0, 2.0
or 5.0 micrograms of moulting hormone, Ecdysterone, survived to become
adults. The female larvae that emerged as adults and were subsequently

irradiated with 4,2 Krads failed to produce viable offspring when mated
with normal males.

These data are shown in Table 26,




1;1, Narrative Remort

The change in the nrogram funding structure resultine in o complete
shift of the finangial suppert of the Senior Investigator to the grant
funds in December 1968 resulted in a staff reduction from the equivalence
of three and one-half emnlovees to one and one-half emplovees. Prior tn
this the Senlor Investigzator was receiving one-half of his salarv from
the ABS DNivision of PRNC. This funding structure has reduced program oner-
ations considerablv, narticulary in the capability for nerforming field
tests (of dominant lethalitv and IPS), host preference tests and pheromone
field tests.

In addition the degree of participation by the two coonerating
Scilentists Dr. Flavio Padovani and Dr. Niileo Virkki (bhoth on ad honorem
arpointments} has been reduced due to the dircct ohligations in their own
branches of IPR. Ta correct rthis problem a proposal was submitted in 1970
to the .Jational Institutes of lealth for additional support, and an addi-
tional proposal is nending anproval by the National Science Foundation.
The latter will be presented to the Reviewing Panel of NSF in Fehruary of
19092

I'v, Padovani continues his interest in related asnpects of the program
mainly through the work of graduate students working with nutritional re-
quirements of hemintera. DNr. Virkki continues his chromosome ohservations
with preserved material from previous tests as time allows.

The coonerative nrovram with Dr. Mader Vakili (Plant Genetieist) of
the HUSDA Experiment Station has mutually benefitted our program as well as
his own hean selection program, hecause his extensive plots are availahle
to us for collecting a varietv of lepidoptera and hemiptera for preliminarv
reariny tests in the laboratorv.

Twe species of lenidoptera from hean tests have shown particular
promisce for sterilitv tests: Prodenia ornithogalli and Lamprosema indicata.
Future tests to evaluate the mechanism of host preference will he possible
when time and facilities hecome available., Dr. Vakili is cvaluating several
hundreds of species of heans and cowneas in Puerto Rico and in Central
America. In addition to the species tested in the second section of this
report (Accomplishments) we have also completed preliminary rearing trials
with Acrosternum marginatum and Thyanta perdida (Tentatomidae, Hemiotera),
Sxfggna basalis, Ceratoma ruflcornls ‘and Fpltrlx cucumeris (flea beetles,
Chrysomeridae, Loleoptera) Maruca testulalis, Fundella pelluscens, Ftiella
zinkinella (Lepidoptera): Diaprepes abhbreviatus, Metamasius hemipterus,
Cosmopolites sordida (Curculionidae, Coleoptera) and Elasmepalpus lignosellus
and Protoparcp sexta Trichoplusia ni, Prodenia eridenia (Lepidoptera).

Nearlv all of these tests were related to the bean resistance program,

Pr. Goru Kuno (Entomelogical Laboratory, UPR Mayapuez) is collecting
and isolating vathogens from our laboratory colonv of the sugarcane horer
and in addition he has assisted in the —aintenance of our insect culture.




Mr. Ruben Restrepo (graduate student in Biology, UPR Mayaguez) has
developed rearing methods for Nezara viridula on a voluntary basis during
the past year and one half. We are attempting to provide him a short term
paid appointment during the spring and early summer of 1972 for Nezara work
prior to his return to his appointment at the Universidad Nacional de
Columbia (Bogota). Mr. Restrepo has worked diligently in the laboratory
and much of the Nezara work in this report has been the result of his
efforts. His thesis research is in the taxonomy of the Membracidae
{Homoptera) .

IPS tests have not been made for all of these species mentioned
since a reliable artificial rearing method is a prerequisite for evaluating
IPS. Nonetheless from the limited evidence that is available it is apparent
that the IPS phenomenon is related to the holokinetic chromosome.

Mrs., Dolores Ayguabibas de Ruiz will terminate her appointment as
Research Assistant on the program at an early date at the request of her
husband. During the interim period Dr. Lowman has loaned Mr. Sam de la Posa
to the Program until we can find a replacement for Tolores.

In addition to his program activity at PRNC Dr. Walker has given
seminars at the Pioneering Entomological Laboratory of UPR Mayaguez, to the
Institute of Marine Sciences and to the Sigma Xi Club of the UPR. He served
as an advisor to the Environmental Quality Review Board (Office of the
Governmor of P,R.) for the pending Pesticide Law of the Commonwealth of P.R.
The San Juan Star prepared a two page article on the Insect Sterility
Program and this was included in the Sunday Supplement, Sept. 19, 1971,

IV. Future Work Planned

Future efforts will concentrate on aspects of Inherited Partial
Sterility. We will continue to explore the utility of IPS in population
suppression on a lahoratory population study basis using the sugarcane
borer, the armyworm (Prodenia) and perhaps another moth if rearing methods
can be developed with facility, the stinkbug (Nezara) and possibly a scale
insect if rearing methods can be developed.

Dr. Kuno has shown an interest in a tissue culture of insect tissues
and of this can fit into our chromosome study provided that Dr. Virkki will
have sufficient time to give to the program. We are studying haemolymph
proteins of Nezara and the sugarcane borer using the disc electrophoresis

method and will be combining this with molecular sieve techniques at a later
date,

The combination treatment of juvenile hormone and ecdysterone with low
radiation dose shows sufficient promise to warrant further consideration.
Our early data from fractionated doses is not clear enough to give a forth-
right interpretation, however this area should be given further study.

Staff size is too small to consider further field testing because the
amount of labor needed to maintain the laboratory colony to the size needed

(o]




for field tests is greater than the help that we have available.

V. Publications

Walker, M. W., V. Quintana-MHuniz, and F. Padovani. 1971. Fffect of
gamma irradiation on immature sugarcane borers. Sterility Principle
for Insect Control or Eradication, IAEA, Viemna: pp 513-24.

N s+ ., and Josefa Torres. 1971. Genetic collapse
of insect populations. 1. Extinction of inbred and outbred lines in
laboratory populations of the sugarcane horer. Journ. Econ. Entom. H4

(3):661.7.
Publications in preparation.

Genetic Collapse. 2. Nose-effect on subsequent generations of sugarcane
borers.

Mechanism of Inherited Partial Sterility.
Short distance perception of female sex pherome by male sugarcane horers.

Chromosome abnormalities in IPS5 lines of the sugarcane horer.

VI. Relation to Other Work and Conclusions

The intense interest in environmental quality in conjunction with the
need for hipgh production quotas of agricultural products has stimulated
interest in pest management concepts and particularly an integrated svstems
approach to crop protection. Pesticide pollution has hecome recognized as
a serious threat to the environment vet we do not have satisfactory alter-
native methods for nest prevention and pest control sufficiently adequate
to ensure high yields. This whole problem is further complicated by the
mono-cultural practice. The solution to this general problem appears to
lie in a comhination of practices: more effective and sophisticated neg-
ticide use, particularly the choice of specific insecticides for specific
nest species (those available that have short residual half-life and that
are least damaging to warm hlooded animals); the use of pheromones:
judicious use of released parasites and predators of specific pe=t snecies
such as egg parasites, larval parasites, predatorv hugs and orthomptera,.
etc; use of insect pathogens for creating epizootic ameng pest pooulations:
crop timing to avoid having the most susceptible prowth stage svnchronized
with the maximum pest population: the use of pest resistant pnlants; and
overflooding the natural nopulation with sterile individuals.

I have mentiomned the overflooding techniocue last since it is most
cfficiently used when the target nest species is in small rumbers. Nwver-
flooding can be used in two ways: either for eradication or for suppression.
As a consequence our work relates directlv with the current concepts of
future pest control. This area of technology is developing rapidly as a
consequence cof the impetus for a clean environment.




The thrust of this new thinking is to develop a number of specific
solutions to the specific pest problem and to use these specific methods
in such a way that each one will yield a maximum effect. For example a
sugarcane borer program in the tropiecs would probably begin with the use
of EndrinR granules applied to cane that is not developed beyond the stool
stage this could be followed by the release of Trichograma minutum adults
(which are egg parasites) and also Lixophaga diatraea (a larval parasite),
as well as by setting pheromone traps. If the combination of these
methods succeeded in reducing the natural population sufficiently, semi-
sterile adults could be released after which time the parasites and
pheromone traps would be temporarily removed.

In addition to raising the insects for release it would be necessary
to constantly monitor the natural population in order to evaluate the ef-
fectiveness of each control measure and to provide the information for
timing the sterile release. The overhead for such a program in terms of
technological input would be large to begin with, but the overal cost
probably would be less than an intensive program if amortized over the
period of time that it is effective - for example a two or three year
cycle. The obvious dangers of such a method is that an alternate species
might take the same ecologic niche from which the pest species is being
eliminated. 1TIn this example Elasmopalpus lignosellus might occupy this
niche. This particular problem could be avoided by including pheromone
traps that attract both the sugarcane borer and Elasmopalpus, i.e. traps
that have two sex pheromones. The other control measures mentioned are
equally effective against both pests. Management techniques are hest adap~
ted to permanent crops such as deciduous fruits (apples, pears, peaches,
cherries, oranges, etc.), alfalfa, sugarcane, mango, etc.

11




VII. References

Flint. #d.¥. and .L. Fressin. 1947. Camma irradiation of nupae of the
tohacco budworm. Journ. hcon. “ntom. A0:1655-

blint, .M. and . Spencer. 197, Sterilizing doses of gamma irradiation
for the imported cabbageworm, Pieris raphae, and effects on

longevity, matinpg and fecundity. Journ. Lcon. Frntom. £3:1073-¢,

flusseinv, .., and 11.¥. “Madsen. 19h4, GSterilization of the navel
orangeworm, laramveloils transitella (Walker) (lepidontera: Phycitidae),

by gamma radiation. Hilgardia 36(3):113-37.

knipling F.F. 1968. Concepts and value of eradication or continucus
sunppression of insect nonulations. Presented at [AFA/TAD Panel Meg,
Vienna, May 1948, [IAEA Tech, Publ. STL1/Pi'R 224,

La Chance. L.K.. and M. NBegugillier. 1969, (hromosomal fragments trans-
mitted through three generations in Oncopeltus (llemiptera). Science
(AAAS) 166:235-6,

North, D.T. and G.G. Holt. 1968. Inherited sterility in nrogeny of
irradiated male cabbage loopers. Journ. Feon. Fntom. £1:028-771 .

North. N.T., and G.G. North. 1969. Population suppressien bv transmission
of inherited sterility to progeny of irradiated cahbage looners,
trichonlusia ni. The Can. Intomol. 1011(5):513-20,

Proshold., F.1., and J.A. Bartell. 1970. iInherited sterilitv in nrNsenv
of 1rradiated male tobacco budworms: effects on reprnduction, develon-
mental time, and sex ratio. Jeurn. fcon. Bntom. 63:280-

Proverbs, M.D. and J.R. Vewton. 1962. Some effects of gamma radiation
on the reproductive potential of the codling moth, farnocapsa pomonella
(L.) (Lepidoptera* Qlethreutidac)., Can. Fntomol. %4:1162~70.

Walker, D.V¥., and K.B. Pedersen. 1769. Population models for sunpression
of the sugarcane borer Hv inhieritad partial steriiitv. Ano. Fntom.
Soc. Amer. /2:21-46, .

Walker., D.W. 1969, Radiation-induced srarility for aepuiation control
of the sugarcane horer, (D. =accharalis) ia Puerto Rice. Teach. Pent. "
4. URNC122, Mavaguez: 33 nan.

Walker, D.W. 1971. Tnsect sterilitv rapert 5, PPNC 143, P, . vuclear
Center. Z& pp.




‘pedids s3ula Yyiim | I73ed
ue 2317 aesdde s3a[aio] pue s3a4Lis

SutdoT2a9ap wox3j xode FZe Je I0T0D 'pai

*I0T02 3TUM AYTIW ST
jey3 urdiew 339 2prsSurl 3uri B Yyiias
xode 339 Jo 193juaD UT EBIIE IEBITD

*95BQ 240G PIrgany

3uTwooaq 382 jo JoTaejur adejans
xo3no o3 uidae woijy ano 3urgzurod
saulds (3urz Jeur3aewm jO IpIsul
B218% IEa[Y B YITm 830 jo a9juad

+1aisnTo ur 1ay3zedol

padjoed AT3y313 5382 ‘mOoTT°4 IYSIT
aTnsded 332 ‘uaays Axem ‘oaTldayIel
1yd17 ded i1addn !s33s fenpia
—TIpUl JO SUITISMS JO IENEIBY X3
-uo2 1231snT2 339 puF !snosusdouoy
‘PIgan) pue ‘MIIW sjuejuod 33a
‘urdieu 3d9Ixs Inoy3noayl mOTII4A
wiojiun ‘l1e9jsweIp Ul sso] 10 ‘umf
punole 3url 83Tym :pojelduoTd

Jou :xade 24yl paemol urlaeuw

0jul p232911p saulds uidieuw
1e21de ipadeys [oxieq ‘pidan]

5384 [ewaoy

931210SIP SE 1I0J Jou Op SIDTAlS *PTOOETJ 2wWod3( pue Yiep uing sIe

sInoy gy AT

‘doTaasp

*doT3asp jou ssop ®aIER ABITD SUOT3ETNII0T] AManm ou ‘BIIP IBRDO OU

sinoy 9¢ "I11I

*3J0UTISTP Jou BIIE IESTD
$3uU23u02 prqanly AJTuw yitm s88e *paemur pajuted sourtds ‘mola4 3uldtag

sanoy g 11

*prdan;
2Je sd3a TenpIAIpUT {sSmol IEDU
Ul jou s3ds ‘ae[ndaaa1 193ISNTD

mo7Ta£ y3raq A18urs
prel usjjo ‘i23snyd yoes ur s¥Fa jo
J3qunu JTeWS B YIIM jnq Ienfsi iajsnyo

sanoy g1 03 #T °1
oJPWa { pPajleIpEII] WOL]

s3399 err3is -uou

Jjuaze QTEWI{ poleIpeia]l ue woixl s889 pue

‘1ewioN ‘97T3I94-uou UT Juswdolaad( STuockiquy jo uoridridssag 'V

(") TINPIAIA BIEZSN T 91qEL

13



*98a] 30 SAPP (6 ATYR4OIC 33essar TRiFp 001 SUOAsy o0 0T wwdSe rT rinoy
SAEDE & o~ H3ITId

SARD G - -43d4nayg
FAED § - EATNHE

SABp [ ~ PUOITag
seep ¢ - @a8e3s TEudwiu 3s31g
sABp g 03 / suwdoTIASp 2TUCHIquY

sydusy Jo 2¥qel 5317 C O

TeInoy iy SB 93BT SE

pPIeT 2q Aew Ing ‘sanoy Sutuiow eyi Juranp pre] ATIERSR i@ S¥EY T SIIsMIY
zod s882 Qg7 ©3 7T wWOal yY3Itm sIe3snyd ur s3Fo 2rTiio] ABT suTELDg

TAABR |43

Ul poAlI9Sqo U9y 10U sBY puk Aep 10 awT3 ALur 3B 30®BId swiel Fulley CJeR[ E

jo @omjans iaddn Iyl uco aderd seyrl A1TR0Nsn STYL C8icw 10 Iney uw 5B 3ucy

SE 10J WepuEl Ul UTPwal ]I~ a[ews] pue afew 2y3 Buildned Ie3jy  '3IsTsiad

10U T[T 9y @TeW I8Y3j0 IY3 WOIJ 10 I[BWL] 3yl woil esucdsed o ST ixayl Jj
*soTRW I9ylo YITA i0 WOPUERI 3B S9TEWAY YIIm 33Fw 03 Idusile [IIm SITEW

*paiisjsueal 21oydojeuIads ou ST ai1ay]

*sndepase 9Yy3 S319Sur pue d13 [BUTWOPGE PaIsSIel 3yl 03 ATpIdex SaA0W STBW

ayr -dT3 [RUTWOPqE 13y $8STEI 9ys [TIun seuuajue sTY yits 1ay 3uriejrdred

sanurjuo? 8y 3)2arnb sT pue Jursow sdols afEWS} ULym ‘XBIOYJ I2Y JO WNSIop

10T123UE 3Yy3] puB JILUUIIUE 19y PUB SUOIJ I9Y Uo IpUUIIUE S$TY Fuiyonoj

Afpeivadal o[Tys UOTIOW BUTTqWaI] STY SINUTIVOD 3Rl *UOIITSCd STY3

UT 3JEJ 03 90EJ 21E A2y} ‘PRUUAIUER I5Y UC PUR SUOIJ IY] UO IPUUIIUP STy

Y31m a3y SuTyonol Aq S[EWRJ 2YJ S$IIR[NWIIS pue 3TEWIJ JO JUOCIJ UT S2A0m 3y
usyl ‘uorjouw Surjquweal e Juiuiaciiad alewal yiim ToTTelEd Sascw IR

(0d31359y) Burdeq 828y pue iotaeyag dIyslanol jo uoridridsag “d
*PIDOTBTJ auodaq
ATTENJU2A8 pUR ‘SABP § 01 /
*xade 882 Jo ajoy aenD I8lje Umolq Miep swmoraq s23a
—AT2 woaj saaea] ydwal ‘yojey s3ds ‘jusmdoTaa®p odiqwe asYylinj ou *JAOUER SE SuUES

(sdep Q) 383uor 10 sinoy HyT "IA

*sa1poq 3utaeadde

*PINTJ IEITD B Aq PIpPUNOIINS OAIquUa A33e3 jo sdumid yjTs prqIng
‘@TqISTA S3aT ‘IDUTISTP JULITIN0O Apoq 3ie pur mo[1s4 }iep uinjy s33e *prodey ‘s38a paiorod Naep

(sAep ¢) SINOY QzT ‘A

L4



TITLE

F/B

M
M/G

LEGEND FOR SYMBOLS USED IN COLUMNS ON TABLES 2 THROUGH 25

is the code number of a specific mating. It has a letter
designation (A,B, etc. to H), followed by a number that is
code for the dose, followed by the parent's code number,
and terminated by the specific number of that mating.

the number of fertile eggs laid
the number of fertile eggs that hatched
percent of the fertile eggs that hatched into larvae

is the number of newly emerged larvae that were harvested
and placed into artificial diet

is the number of adults harvested

percent survival, first instars to adults
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Table 6

Outbred Offspring from 12 K., Mala Mated to Female Normal (Code A3-0005)
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Table 8

Outbred Offspring from 2 Kraq Female Mated to Male Normal (Code B1-0001,2)

TITLE=B1 ANCESTOR IS 2 B
TITLE B F F/B G M M/G

Bl 2 2 593 103 0.1737 89 7 0.0787
81 21033 115 45 0.3913 10 2 0.2000
B1 21051 750 315 0.4200 70 0 0.0000
Bl 21118 859 64t 0.7497 514 B85 0.1654
81 21120 39 18 0.45615 0 ¢ 0.0000
Bll1182071 458 137 0.2991 40 10 0.2500
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Table 10

Outbred Offspring from 6 K, ad Female Mated to Male Normal (Code B2-0001,2)
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Qutbred. Offapring from 6 Kpyq Female Mated to Male Normal (Code B2-0003)
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Table 12

OQutbred Offspring from 6 K.oq Female Mated to Male Normal (Code B2-0004)

T T o TTYITLREERZ OANCRSTOR 1S o4 o e e
: TITLE B F F/R & M M/G ,
TR &4 SR 1% 29w 1Yy Y ooyt T
p2 41003 604 1 1.0017 n 30,0070
A2 wimls ——FE  ow Sy G aRgg = o — =
R2 41017 298 2 D.0067 8] 0N 0.0N00
B2 41073 TR CTIEY CNIIETS T IS T 2T A= - -
B2 410473 79n 4A5 N .588A ann 121 0.4N723
B £ - G 7 L A ¢ T 4 S B I A 0 I e e 1%
R2 41062 950 414 ,.63519 245 69 N.2776
B2 #1372 - &0 - 25 O0sT0T - Y9 IS O T—— —
R2 41083 526 2N6  N.39316 &1 33 0.5%810
B2 4116 — 495 290 9.5959 4017 04250
B2 41117 660 265 0D.4015 2135 44  N,1872
e L S B . N  BEED I L5 10 L5 I S NN PR A1 L1V 16
R? 41158 EXAY 250 N.ATHT T4 I D.N133
RZ 531163 9Ny 440 T NJR9RD 310 728 S O R 0 < B
B2 41185 382 50 92.1309 0 0 n.0000
A2 41199 ITO 0 .00 -0 T O 0 OTnoYT T T
211632161 648 355 N.5478 130 21T 0.2077
R —RIITOGIODRS T 8 190 IRERLD] LA} 9] T TJUTITY
BR210432140 306 155 1.5065 0 0 0.aN00
R21N432145  H1I8 -~ 35 970566 O OO0 —— —— ~
B210442094 529 292 0.552N 110 13 nN.1636
TTARZIORGPO9S T 30T R0 2 — o 0 0T 00— 7
R21062722059 216 52 D.2407 45 1 n.02722
T TTRZTOR?Z20RA 3RS T3 L YR9s o temono o T
R210622084 180 86 D.477R 0 0 N.00MN
R2ZEOHPZ2IY 295 59 92007 0 T 0.0
RZLNA27117 4N2 125 92.3119 0 0 N.0000
RZI10&22114% 248 &Y eSSy - o ooty T T
B210622136 ER R a8 N.3121 0 1 N.INN0
~~~~~~ B A b s g eI B o
R210622141 34] 6 D.0176 0 N 0.0000
RZIOGZZ21%% il - B e Bl a0 h s i o Y n e OOV -
R220943022 TA1 561 D 7260 103 246 D.23320

R2200430%9 - 686 2RT AiatRe 220 KO ALPTRT -
R230274007 188 61 N.3245 0 N 0.0900
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Table 13

Outbred Offspring from 12 Kraq Female Mated to Male Normal (Code B3-0001,2,3)

' TITLE=R3 ANCFSTNR T% 1
TITLE R S F/R G M MG

BRI T O&0T T 46T L ITETT T Y T CTIOMLTBYR T — o~ -
R2 11706 781 66 ) N84S N noo0,1000 N
R3 11019 a3 9 I,M402 e - A 0,90aNn

R3 11071 330 R0 N.2424 0 N 3.2000

- s s e T T E TR ANCESTOR IS — 22— e e -
TITLE R F F/R G ML WG

A3 > > 537 > 0503 15 P 66T T
63 21027 678 227 D.3348 160 26 0,1675

A3 21043 — 328 AT A, 3140 - B— - A Apana———

: TTITLE=RY ANCESTAR 1§ 3
TITLE R F Frp G M M/G

WY TR TGO 1A TPERTT LT T T s T o e

At 11023 314 224  0,71%64 190 44 N_2316

R 31031 1?21 88 N,479%2 25 - - 1 0.0%AD

B3 310139 65 0 nN.0900 ) " N.Nopnn

R3 31047 60 0 y,0000 n N 0,000 -

n3 ER YA 585 250 N,4274 0 N N.N0Nn
CRTIO?ARIOSS s T F7.4- - & A v RS R T 1 i s s LR
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Tabhle 14

Outbred Offspring from 14 K ,q Female Mated to Male Normal (Code B4-0001,2,3)

L i r/B G M M/G
BL0O0010001 369 0 0] a 0 0
B400020002 176 0 0 0 0
B400030003 0 0 0 C 0
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Table 15

Outbred Offspring from ) K,,q Female Mated to Male Normal (Code D1-0002,3,4)

D) | -' TITLE*DT ANCESTOR 1S~ —~2 "~~~ =
TITLE B F F/B G n N/G
-— p1 - 2" 2 262 185 0.T061" " 0~ 0 0.0000°

‘) ) TITLE=D1 ANCESTUR IS "3
TITLE B F F/B G M M/G
TTPL T3 3 I9LT 195 04987 T 0 T o "g.0000 T

J_“ T s e “TITLE>DY ANCESTOR IS- — &
TITLE B F F/8 G M N/G
—— Ol % - % 2020070000 0 0 070000 —

iy o —
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Table 16

Outbred Offspring from 2 K, 4 Male Mated to Female Normal (Code D2-0002)

s £ s wnEEEEE D2 AN E STRR S @i mnm s mmaee
TITLE R = F/R G M MG
D7 7 7 "7kt 27 U.5575 —1=%T 9 01293
n2 21007 175 0 00,0000 0 0 0.0000
D2 219%% 672 287 OATSY — 252 Tt oars 0
n2 21062 344 246 N,T151 235 0 0.07000
D2 TPIOST O RO RN ATELRT T AN O oL.o0nyT - -
D2 21062 282 178 N.6206 130 0 N.000N
TR T2 IO T T AR 2 T O ARy 26 o000
D2 21079 123 101 0.8211 a5 0 0.0000
2103204 55 & 0225 ————— 8/ ———— A7 0000 ———————— -
N210342023 411 158 0.3844% 158 0 0.7000

D2loe223e——322— 1S5S OO0ttt —— - - — — - -
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Table 18

Outbred Offspring from 5 Kyaq Male Mated to Female Normal (Code D4-0001)

TITLE

Nna 1 1
Né 11174
Ns 11178

Na11742549

)
540
472
174
506

79
3187
[ 1]
43¢

TITILF=Na ANCFSTNR TS 1
F/R n M ®IG
1.061% d 2 NN s
1,1199 5N 1 ".02170
1. 3505 0 1 N,INNN
TN.9617 438 [L I W4 Talats}
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Table 19

Outbred Offspring from 1 Kypyq Female Mated to Male Normal {Code E1-0002,4)

: TITLE=F1 ANCESTNP 1§ >
TITLE R F F/n G M Wi
€1 2 2 234 99 9.473] 57 N a.n000
TITLE=F1 ANCFSTAR IS 4

TITLE B F F/B G M Vs

£l & 4 209 S o 0o a1 s 1o bl » SECINNNNE o SRR o Jite ta 1y 'o N
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Table 20

Outbred Offspring from 2 Kraq Female Mated to Male Normal (Code E2-0002)

TITLE=F? ANCESTNR 1§ ?
TITE R F F/R s M s
E? ? 7 350 70T - M, 59473 20m 14 N.NTHY
F2 1100 94 84 N.89%4 3n 1 N.7333
E? 71114 540 428 N.T7926 174 iy 0.1782
£2 71129 89 N N,ANaY o 7 0.0N00N0
F2 21130 34% &Y N.17T39 5D 70,0990
£2 21151 132 127 0N.3R25 123 0 N.00I0
B2 72116 ZRB PZPOOVEIRG O ZNRTC A B o —
F2 7illh4 140 0 2.0000 0 0 N.000n
€2 21171 186 T T1.521% 93 N N.nNIN
F2 21172 479 321 N.T4R3 321 N N.0oMn
E211632561 235 102 9.43%%0 0 N g.00n
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Table 21

Qutbred Offspring from 4 K;.aq Female Mated to Male Normal (Code E3-0002)

TITLE
E3 v P4
Ex 21119
F3 21127

£3111492515
E311172517
F311197519

E31119253% -

E311192537
311197544
E311192548

E311 192571

B
535
620
413
10A
297
281
%R
129
210
471

49

E

450
?hHE

66
114

257>
1n3
1N¢
302

49

TITLF=FY AMCESTAR 1%

2

F/R 6 i s
A.0617 33 3 A,09nm
N,7258 421 9 N.nN7?14
Nehbs4l 211 2 0n,nnarv
N.6226 &5 7 0.007)
Y.3904 0 n . o.nnan
1.0000 9] NoD.0NIN

N.TTIY9 - 120 o nL,00n0Nn
7.7984 71 0 N,NN0N
nN,50418 14 1 0.0000
N1.6412 125 B 5 Ty o 1o
1.0000 n 0

A.9110
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Table 22

Outbred Offspring from 5 Kraq Female Mated to Male Normal (Code E4-0001, 2)

TITLE=F& ANCESTRR IS 1

TITLE R F F/8 5 M M/6
F& 1 1 a42 a0 n,0905 40 T 0,078n
E4  FLI25 486 342 41,7053 203 11 N.ns547p
FALI?2S2805 190 142 1.344) 0 N A.AnAn
F&11252507 331 79 n.2337 20 50,9090
£411252509 91 54 7,5014 50 NN, AnnA
TITLE=F4 ANCESTNAR [§ ?

TITLE R F F/R G M M/ G

F4 z 7 734 2T N.1T5% T 2 0.07T41
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Table 26 IPS in Nezara

No. inds. No.

F
dose and sex No. Fertile No. Fertile Z Egg Adult;
Kradg * irradiated Eggs Laid Eggs Hatched Hatch Harvested

P Generation Reproduction

ck 9 659 276 72.5 200
1.5 9F 121 20 50.0 10
7.5 6 F 298 62 20.8 0
15.0 9F 563 8 1.4 0
1351 Generation Reproduction
from 1.5
Kyag female 3 ¢l 163 44 5 Fp adults
reproducing

currently: 2 M
x 3 F siblings

1l siblings, 2 Mand 3 F
2 still reproducing, all eggs not yet hatched, most appear to be
fertile.
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Appendix A
Diet Evaluations Report

Crianza de Nezara viridula (L.) en el Laboratorio
Rub&n Restrepo-Mejia

Nezara viridula (L..) es un insecto de 1la familia Pentatomidae,
cosmopolita y con amplio rango de plantas hospedantes, muchas de las
cuales son cultivadas en gran escala. En algunos casos, este hemiptero
se ha presentado como plaga importante, por lo cual ha sido objeto de
la realizacidn de trabajos en medidas de control. Una de estas ha sido
la erradicacién utilizando diferentes t&cnicas ya sean por quimicos o
por radiacidn. La utilizacién de estas medidas conlleva la disposicidn
de gran cantidad de individuos.

Este trabajo en el Centro Nuclear de Puerto Rico bajo la direccidn
del Dr. David Walker tuvo por objeto desarrollar un método de crianza para
N. viridula en condiciones de laboratorioc, con miras a obtener una colonia
suficientemente estable para proveer individuos en cantidades suficientes
como para permitir estudios en relacidn con radiacién y esterilizacién.

Se consideraron dos aspectos dentro del método de crianza: a) manu-
tencidn y alimentacidn de los individuos, es decir cémo tratar y modo de
suministrar los requerimientos nutritivos y b) evaluacién de dietas arti-
ficiales liquidas. Se realizaron observaciones de actividad, preferencia
y mortalidad.

Materiales y Métodos:

Se dispuso para este estudio de ninfas y adultos colectados en
cultivos de habichuela y "cowpeas” de Mayaguez e Isabela. FEn condiciones
de laboratorio a 23 + 4°C y a 50 + 20% de humedad relativa se procedié a
separar las ninfas de los adultos, colocando en vasos de plastico de 4
onzas, 5 adultos o 10 ninfas. Cada vaso se cerrd con una tapa plastica la
cual tenia un agujero tapado con algoddn para permitir el paso de aire y
humedad. Como alimento se les suministrd vainas de habichuelas tiernas.

Los anteriores recipientes tuvieron buen resultado con ninfas de ler,
2do. y 3er. instares, no asi con adultos, por cuanto las excreciones de los
insectos dieron fuerte olor y humedad al interior del vaso, afectando posi-
blemente la supervivencia. Por esta razén se ensayaron tambi&n recipientes
de cartdn parafinade ("ice cream cartons’') de 1 galdn, lo que permitid colo-
car de 10 a 30 individuos en cada uno. Se obtuvo mejor resultado, con menos
mortalidad e interior del recipiente mds limpio. Fstos envases se usaron en
todas las pruebas con dietas artificiales. Se taparon con tela de nylon o
con "saran” sujetos con bandas de caucho.

Las dietas artificiales se pusieron en vasos pliasticos de 1 onza,
cerrados con tapa de cartdn perforadas con el objeto de pasar un mecha de
algoddn absorvente ligeramente prensado y amarrado con hilo para evitar el
esponjamiento de las mismas con el liquido. En lugar de las mechas de
algodén se usaron tambiédn trozos alargados de esponja pldstica ya colocados
a través del agujero de las tapas, o impregnados con las dietas.




Las dietas se prepararon al momento de usarlas, utilizando los
ingredientes preparados con anterioridad.

El extracto de vainas de habichuelas tiernas se prepard semanalmente,
licuando las vainas de habichuelas, agregando un poco de agua destilada y
filtrando de modo que se obtuviera un liquido sin particulas vegetales
gruesas.

Cada 2 o 3 dias a los insectos se les cambis el alimento ya fueran
las vainas o las dietas liquidas: esto con el objeto de que dispusieran
siempre de alimento fresco, evitando también la fermentacidn de las mismas.

Hay que anotar que las diferentes dietas a evaluar en las diferentes
pruebas se prepararon siempre con el mismo extracto. La preparacidn de los
extractos fué similar en todos los casos, utilizando la misma variedad de
habichuelas, de tal modo gue no hubo diferencias: ''siempre el extracto tuvo
igual preferencia por parte de las ''chinches”.

Durante las pruebas se mantuvieron individuos continuamente los que
completaron su ciclo de vida en el laboratorio, usando vainas de "cowpeas"
(Vigna sinensis). Se usaron las chinches de esta colonia para las diferentes
pruebas con dietas artificiales, ademis de ninfas y adultos del campo.

Antes de iniciar cada prueba se pusieron los insectos que se iban a
utilizar, a dieta de hambre, es decir sin alimento por 12 horas mds o menos.

Los datos de ciclo de vida en el laboratorio se presentan en la
tabla 1.

Resultados:

Para la cria de N. viridula (L.) se descartaron los vasos plidsticos
de 4 onzas, considerando los factores mencionados anteriormente v el reduci-
do espacio que se presentd especialmente para los adultos.

Los cartones de 1 galdn cubiertos con tela de nylon fueron los mis
efectivos, siemnre y cuando el nimero de individuos no excediera de 20. La
temperatura parece que fué un factor importante en la cria de los insectos.

Las "mechas' de esponja pldstica fueron muy adecuadas, siempre vy
cuando se mantuvieran un poco saturadas con las soluciones de dietas.

A. Pruebas Preliminares. Cuatro Dietas
1. Tieta de vainas de hahbichuelas tiernas.

Los insectos se alimentaron bien v completaron su ciclo hasta adultos:
a pesar de la alta mortalidad en éstos hubo apareamiento ¥ oviposicidn. Wo
se obtuvieron nuevos individuos. En conclusidén las vainas son adecuadas
para alimentar los “'chinches'. Las causas de la alta mortalidad en adultos

no se pudieron confirmar, sospechandose fué en parte la temperatura v humedad
del laboratorio.




Las “chinches' aparentemente rechazaron el olor y el sabor.
B. Pruebas de Preferencia por: diferentes niveles de azficar (Sucrosa)

1. Dietas Artificiales IVy V

Composicidn: v v

Agua 20 cc 20 cc
Gerber "Baby Food Strained Beans" 10 gr 10 gr
Solucidén de Vitamina (Vanderzant) 2 cc 2 ce

Sucrosa 2 cc 5 ce

Estas dos dietas se evaluaron durante una semana en dos grupos de
ninfas y adultos. Se utilizaron recipientes de cartdn parafinado dentro

de los cuales y en cada unc se colocaron los dos vasos con las dietas IV
y V.

No hubo diferencias en esta prueba de preferencia. Los insectos se
alimentaron bien y en ambas dietas.

C. Pruebas de Preferencia por Amine Acidos. Dieta Compueata VII

Composicidn:

Extracto de vainas de habichuelas tiernas 60 ce
Solucién de Vitaminas (Venderzant) 3 cc
Sucrosa 6 gr
Acido Ascdrbico 1 gr

5. Amino Acidos:

a) Glycina 6 gotas
b) Asparagina Y "
¢) Isoleucina woon
d) Alanina " n
e) Arginina " "
f) Fenilalanina u o
g) Tyrosina L

Se probaron ocho dietas diferentes para preferencia:a partir de la
Dieta Compuesta VII:

Dieta No.
1. Todos los ingredientes, 1 a 5g inclusive.
2. Ingredientes 1 a 4 mis 5a.
3. Ingredientes 1 a 4 mids 5b.
4. Ingredientes 1 a 4 ma@s 5c.
5. Ingredientes 1 a 4 mas 5d.
6. Ingredientes 1 a 4 mis 5e,
7. lIngredientes 1 a 4 mas 53f.
8. Ingredientes 1 a 4 mas 5g.




Para esta prueba se usaron ocho "cartones” de 1 galdn. Dentro de
cada recipiente se colocaron las ocho diferentes dietas. Inicialmente
se introdujeron de 10 a 15 individuos por cartdn. Posteriormente para
facilitar las lecturas se redujo el niilmero a 5 individuos por cartdén y se
aumentd el numero de cartomes.

Se hicieron lecturas durante 2 a 2 v media semanas, anotando cuintos
individuos estaban alimentindose sobre cada una de las dietas. Las obser-
vaciones se realizaron por un minimo de 2 diarias.

Los individuos adultos utilizados en estas pruehas, vinieron de
ninfas criadas en el laboratorio con vainas de habichuelas tiermas y antes
de iniciar la prueba se les suprimid todo alimento por un tiempo de 12 horas
aproximadamente.

Las diferentes dietas alimentaron satisfactoriamente a los insectos.
Estos produjeron gran cantidad de excreciones liquidas. No hubo aumento
significativo en la produccidn de huevos a pesar de que se apareaban.

En conclusién podemos decir que todos los amino Acidos presentaron
igual preferencia. Un amino dcido especifico en las concentraciones usadas
no fué significativamente diferente individualmente o en combinacién.

D. Pruebas para preferencia por diferentes dietas artificiales

Se probd preferencia por viaras de las dietas usadas anteriormente,
tratando de comparar con la dieta VII.

Se utilizaron siete "cartones’ de a galdn. En cada uno se colocaron
las siete diferentes dietas.

Las dietas probadas fueron: I, 1I, I1I, Vv, VI, VII y una dieta con
la siguiente composicion:

Extracto de vainas de hahichuelas tiernas 30 cec
Sucrosa 5 cc
Solucidén de Vitamina {(Venderzant) 3 ce

Se utilizaron adultos provenientes de ninfas colectadas en el campo
y criadas en el lahoratorio y ninfas de tercer instar provenientes de
huevos ovipositados en el laboratorio por adultos provenientes de ninfas
del campo. Esta prueba se hizo por un periodo de des semanas al cabo del
cual las conclusiones fueron:

a) El ingrediente mds atractivo fué el extracto:

h) La dieta VII fué mas satisfactoria que la ¥, 1I, TIII, V v VI
y la de composicidn dada en esta parte;

¢) La produccién de huevos fué hastante reducida y fuerom o
infértiles o no se desarrolld el embridn.




Los nuevos fueron depositados tanto en el cartdn como en la tela
de nylon; nunca en el "sardn''. No se obtuvieron nuevos individuos: se
presentd ovofagia por parte de los adultos.

2. Dieta Artificial I

. Composicidn:
Agua destilada 30 ecc
Azticar {(Sucrosa) 1.5 gr
Solucidn de Vitamina (Venderzant) 2 cc

Con esta dieta las ninfas no sobrevivieron para completar el ciclo
bioldgico. Los adultos presentaron alta mortalidad; las hembras ferti-
lizadas no ovipositaron.

Caracteristico de esta dieta y todas las liquidas fué la abundante
excrecidon liquida de los insectos.

Esta dieta no fué aceptable para proveer los requerimientos nutri-
tivos de los insectos.

3. Dijeta Artifieial II

Composicidn:

Agua destilada 20 ce
Gerber 'Baby Food Strained Beans" 10 gr
Sucrosa 5 gr

Los adultos y ninfas sobrevivieron por una semana mas que con la
dieta anterior (o sea 3 semanas a partir de la iniciacién de la prueba).
Los adultos se aparearon; no hubo oviposicidn.

Al cabo de 3 semanas los adultos perecieron.

4. Dieta Artifieial III

Compogicidn:

"Corn Hidrolizate" (NBC) 2 ce
* Sucrosa 5 grs

Solucidn de Vitamina (Vanderzant) 3 ce

Acido Ascorbico 1gr

Extracto de vaina de habichuelas tiernas 30 cc

Agua 20 cc

Esta dieta se acidificd con HC1 a un pH de 5, similar al del jugo
de las vainas de habichuela,

Esta dieta fué poco atrayente; los insectos demoraban en gustarla
y no permanecian mucho tiempc alimentindose sobre ella. El "corn hidro-
lizate did a la dieta un fuerte clor a maiz y se fermentd con frecuencia,




Conclusiones Generales:

1. Esta especie completa su cicle de vida alimentandose sotlo de
vainas de habichuelas tiernas, pero la produccidn de huevos
es baja;

2, las dietas a hase de extracto de vainas de habichuelas fueron
md3s atractivas que cualquier otra sin extracto;

3. la sucrosa actud como estimulante y atrayente;
4. los amino dcidos en conjunto o individualmente no obraron ni

como estimulantes ni como atrayentes de acuerdo a las concen-
traciones usadas (0.0015%Z/150 mgrs/10 grs de H50) .




Tabla 1 - Ciclo de vida de Nezara viridula (L.) en el laboratorio a
70+10°F y a 50+20% de humedad relativa, alimentados con

vainas de habichuelas tiernas

Tiempo promedio Tiempo promedio Tiempo promedio
Periodo en dias de cada en dias desde la en dias desde la
periodo postura eclosidn
Incubacidn 6 6
ler Instar 5 11 5
IIdo Instar 7 18 12
IlTer Instar 6 24 18
IVto Instar 6 30 24
Vto Instar 8 38 32

Adulto







