J EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA - EMBRAPA
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ABSTRACT

This paper shows the comtribution of EMBRAPA -
Empresa Brasileira de Fesguisa Agropecuaria - to binlogical pest
control. Results from research carried out buy EMBRAPA s units are
presented. Several projects have been successfully concluded while
others are 8till in various stages of development.

1. INTRODUCTION

The Brazxilian Agricultural Research Corporation -
EMBRAPA — forms part of the Ministryg for Agriculture and Agrarian
Reform and through forty-one research units is responsible for  the

coordination of the SCPA ~ The Cooperative Agricultural Ressarch
Network.

EMBRAPA carries out redearch activities in order to
develor new technologies Lo improve farming at national level. to
seek ever—increasing productivituy, to conserve and to better
environmental quality. One of the most important aspects of the
farming wywield process is the protection of plants and animals from
the attzcks of pests and the vectors of pathogenic agents,., thus
avoiding significant losses to gields and quality. EMBRAPA  has
plaved arsignificant role in developing research for the Dbioclogical
control’ ‘of pests, here understood as those organisms  that cause
significant harm to crops. farm animals and Lo man himself.

Some of the maimn successful achievements 1in  this
field folliow., together with problems faced and perspactives for  the
future.

2. WHAT BIOLOGICAL CONTROL IS
From an ecological point of view., biological control

is the maintemnance of the population of an -organism through the
action of natural enemies such as parasites. predators and pathogens
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at levels lower than those when they are not present. From an

applied wviewpointh. natural enemies are uwused to maintain the
population of an organism below the level of economic harm. In
medicine, biological control mainly refers to  the s a of

entomopathogenic agents such as fungl, bacteria and viruses to
combat insects, vectors of variouws Jdiseases such  as malaria and
leishmaniasis. The common houseflu. responsible for several problems
in public health. has been controlled biologically with wasp
parasites (see Berti Filho, 1%2&). In the applied approach,
bialogical pest control is carried out in three different stages.
Classical hinlogical cortkrol comsisls 1in  seeking, importing ancl
calonizing natural enemies and frequently refers to pests previowsly
imtroduced  from other countries or regions. Conservation refers Lo
the manipulation of the environments in such a wagy as to Favor the
development of activities of native ratural enemies or  those
previously imported and estabhlishad. Increase is due Lo the growing
incidence of ratural enemies with mass breedinmg generally effected
in laboratories and later freed, innoculated or flooded into fields
at sltrategic intervals when pest cucles occur (DeBach., 1964).

Major emphasis on the biological contraol of
arthropods., pathogens and weeds results in the less intensive use of
chemicals due to the application of insecticides., Ffunmgicides and
pesticides thus reducing the risks of toxic wastes 1inm  the soil,
water and produce comnswumed by the population.

3. ECONOMIC AND SOCIAL IMPORTANCE

Growing public demand for environmental protection
has stimulated the development of biolagical pest contrael prodrams.
Rigsing costs of farm chemicals have also urged the adoption of
alternative methods for pest control.

A11 over the world., more than omne hundred and twenty
specigs of insects and mites have been partially or totally
controlled after the introduction of natural control agents. This
certainly. means a significant decrease in the demand for chemicals
that  aré potentially pollutent while at the same time keeping high
Farming?ﬁﬁoductivitg and protecting human health.

In Brazil, the first classic project for biological
control- introduced the microhuymenoptera Phobpgliellg benledi to
contirol the white peach scale Pheddogulacapid pentaggona in  1921.

There then followed x series of introductions of natural enemies to
control the woolly apple aphid (1923). coffee fruit beetle (1929),
sugarcahe borer (194%9),. Rhodesgrass mealybug (1947) and wheat aphids
(1979 (Robbs, 1992). However, the first biological projects for the
control of the sugarcane borer (piatiaeg daccharalid? and +the
sugarcane spittlebug (Mghagnawa poaiticata) were carried out
axtensively,. involving a significant number of specialists and with
undoubted success and internatiomal repercussion (Botelho. 1990
& Alves, 19864). Nowadays, areas of approximately two wmillion, one
hurdred and fifty hectares have benefitted from these projects.

. In spite of the fact that these henefits have been
accepted as the results of different projects for classical
biological control, few have beern submitted to an adeguate
guantification of the resulting economic bhenefits (Moscardi, 1790a).
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Moie detaiied studies are necessary in this sense to prove the real

value of “this method for comtrol which although not duly quantified.
has shown uncontestable advantages.

4. EMBRAPA s CONTRIBUTION TO BIOLOGICAL CONTROL SPECIALITY

Classical bioleogical comtrol projects in Brazil were
limited in scope. until recently. cdue Lo the virtual inexistence of
a quarantine custem which ig indigpensible whetr natural enemies are
introduced. Todad. one of EMPRAPA s contributions to the area of
biological comtrol is the quarantine service for arthropods. Th aims
at reducing the probability of the introduction of uwndesirable
organisms  into Brazil because even inadvertedly theg may be
associated with those beneficial ones introduced. The quarantins
laboratory for organisms useful for biological pest control  at
EMERAPA 5 CNPDA -~ National Center For the Defense of Agriculture,
Jaguariuna. S3o0 Paulo was accredited by the Ministry for Agriculture
arvd Agrarian Reform on the fourteenth of November., 19%91.

It 14 the duty of the technical staff linked to the
quarantine service consisting of a consultative committee of three
researchers ot professors of recognized capacity in the field of
binlogical control Lo analyze and emit considered opinions as to the
conveniernce of liberating the natural enemies requested bu  the
national research centers. These considered opinions help the
Ministry for Agriculture and Agrarian Reform to take decisions on
request. This activity was formerly performed by EMBRAPA s CENARGEN
= National Center for Research of Genetic Recources and
Biotechnology.

Some of the other main aims of this laboratoruy are to
foster research in the area of classical biological control of
pests.  pathogens and weeds and carry out, under laboratorwy
conditions, quarantine of introduced organisms. The laboratory also
maintains wp—~to-date registers of all introductions of natural
enemies in Brazil.

. Today, the quarantine laboratory functions in
temporany “installations. However, awaiting favorable financial
condit1gns, ‘new .and definite installations will be bHuilt with
approximately seven hundred square meters. These installations will
attend - to +all .international norms which demand security for this
type of :laboratory.

Besides quarantine activities. EMBRAPA also carries
out basic and applied research on biological pest control which
involves not onlgy classical bioleogical centrol but also the
conservation and increase of natural enemies.

Some important projects now foliow:

AGRICUL. TURE

Some projects developed by EMBRAPA have resulted in
practical applications and are in current wuse in Brazil. A
successtul wample of the control of insects ad pgﬁts is  the

program for the control of the wheat aphids (Schizaphid graminum,
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Melopoiophium dinhodum and Siiobion avenae) using such parasites as
Aphelinud- and Aphidiud and the predators Hippodamia gquinquebiagnata
and Coceinella deplempuncigta introduced bu EMBRAPA s National Wheat
Rasearch Center, Passa Funmco., Rio Gramde do Sul. This program
avoided the use of one milliom liters of insecticide im the State of
Rio Grande do Sul im 1977 amd of 1.4 million liters in the S5tabte of
Paranid 1in 19289. This is an economd of more than fifteen million
dollars (Gassen % Tambasco. 1983 and the GUIA RURAL EMBERAPA. 19921).
This benefit has increased frowm gear to gear and represernts & great
aconomy for the farmer.

In the Brazilian Mortheast. researchers firrom
FMERAPA s LCPATSA - National Resarch Center for the Semi-Arid have
achieved highly promising results to control the pest kKnown as  the
tomata pin worm (Scrobipalpuia gbdoltuta) introducing the parasitoid
Ihichoaghamma phreliodbum in the Vallewy do 83Zp Framcisco. Im this area.
peasts  caused harm Lo approximately 140 thou&mnd tons of tomatoes
equivalent to & million dollars since 198 (H«Ji et alii, 1991).
These eaxperiments carried out by FMBRAFA/PPAT researchers have
proven that the level of [, phefiobum pﬂruqlthm has  wvaried from
19.3 to 42.90%Z with less tham one gear after the introduction of the
parasitoid. Losses due to this pest have beern considerably reduced
after the introduction of the parasitoid. (Figure 1)

The production anmnd application of the entomopathogen
Baculoviiud agnticanbia to control the velvethean caterpillar
Anticardia gemmatalddy is an outstanding example im  the field of
soybeans. This project has been developed by EMBRAPA/JCNPSO -
National Soyhean Research Center. in Londrina. Parani under the
coordination of Dr. Flavio Moscarai. In the harvest of 19289/90 one
million hectares were treated with this virus. After beginning this
system imn 1983 some FTive million hectares of soyhexns were treated
with this pathogen economizing some fiftg million dollars. To treat
one hectare of soubean, catterpillars that have been previowsly
infected with the viruws are crushed amd diluted in water for direct
pulverization in sodybean fields. The mixture is applied on sogbean
leaves and the catterpillars die six to seven dadys later affected by
the wvirus. At present. the viruws is applied in the Fform of powder
dissolved: »1n water. This formula has recently been passed 1o four
prlvate“fIPms by ‘the Natiornal Center for Soubean Research (Moscardi,
1990b ‘and:GUIA RURAL EMBRAPA. 1991). (Figures 2 and 3)

Since 1983. a baculovirus called Baculovikud erinnuid
has been -used on cassava Lo control the Eainnuid ¢lfo. Initially
developed by ex-EMPASC -~ State of Santa Catarina aAgricultural
Research Enterprise — nowadauys EPAGRI this technique was later used
in the Northeast aof Brazil by EMBRAPAZCNPMF National Cassava and
Fruit Research Cemnter. According to Alba R. Farias, a biocloaist, the
virus was used to control £, ¢gllo in 800 hectares of cassava in the
State of Bahia from 1983 to 1986. The aAgronomic Institute of Parana
- IAPAR., also developed the production of virus +to combat the
disease throughout the State of Parani. Among other promising
research projects 1in the field of biological control using
entomopathogens. the use of a virus for the biolagical control of
the fall armgyworm 3Spodopiela fruaiperda in corn developed by the
National Corn amnd Sorghum Center — EMBRAPA/CNPMS showld be mentioned
{(Valicente & Cruz. 19%1).

Control of the rice bug [ibxacg limbativenfAid wusing
the Ffungus Metlanrhizium gnidoplige has been studied by researchers

VINCULADA AOQ MINISTERIO DA AGRICULTURA E REFORMA AGRARIA



J EMPRESA BRASILEIRA DE PESQUISA AGROPECUARIA - EMBRAPA

from | the: National Lowlands Research Center (EMBRAPA/CPATB). This
highly-virulent fungus has reduced the rice bug population in up to
P0% twenty days afler application.

Two strains of fungus Codlelotrichum gloedpohioided
were also isolated from bLhe mealubuwg 0htheziaga phaelongain citrus.
According to the researchers from the Nationzl Center for the
Defense of Agriculture (EMBRAPA/CNPDAY this fungus, pulverized in  a
concentration of 10® conid/ml. provokes an &0 to  100% mortality
rate. thus maxintaining the Q. piaelongg in equilibrium wunder field
conditions (Robbs et alii, 1990). Fumgi sprawed in orchards in  the
Baixada Fluminense., RJ  have achieved excellent results im  the
control of this insect.

Biological control for sogbeans has been highly

- successful when treating the stink bugs (Mezara viridula., Piezodorud
quildinii and Eubchidiud herod) wsinmg the parasitoid eggs. of the
Iaibbolceud bpadralid. Usirng the breeding process developed by  the
National Soybean Research Center. EMBRAPA has produced and released
1.5 million small wasps each harvest. This has meant a sighnificant

reduction of the use of insscticides in the control of these pests
(Correa—-Ferreira, 1991).

Great advance has heen made im biological control of
the wood borer 3iAex noctitio in the States of Rio Grande do Sul and
Samta Catarina. This imsect. which is very well-known in New Zealand
and Australia, has only recently been introduced to Brazil. In 1989.
thig insect provoked the total loss of more thanm one million trees
or 425 cubic meters of pimewnod. Researchetrs from the Natiomal
Forest Research Center (EMBRAPAZCNPF) aclapted a techmique Ffor the
use of nematodes (Peladenud siricidicola) in the combat of this
insect with results that were sufficiently satisfactory (GUIA “RURAL
EMBRAPA, 19%91). First released into fields 1in 1990, parasitism
evidenced averages of 3074 and reached a maxtimum of wup to 75%. Mass
breeding of this nematode is being developed for release in fields
of the States of Santa Catarina and Rio Grande do Sul in 1992.

EMBRAPA researchers have co-participated in  research
ct:v;tles with.other national and international research institutes
and organlzations, thus promotinmg the use of arthropod biological
contral‘i‘f:nw uther countries. One example cited is the project for
CAUSSAVA b101091ca1 pest control developed together with International
Tropical’{" Agriculture Center - CIAT. Columbia and the International
Instltute of Tropical Agriculture — IITA. Nigeriz. Thus., the cassava
mealybug “Phenacoccyd manihoti is controlled in Tropical Aferican
countries by introducing natural enemies supplied by the State
Research Center - UEPAE/Dourados. Mato Grosso do Sul. Nowadawys.
this is one of the main examples of classical biological conirol
carried out and cited worldwide (Neuenschwander, 1290). In this same
wag., research conducted dnm the Northeast with the participation of
CPATSA, CNPMF  and CHNPDA resulted in the detection of efficient
Predators of another great cassava pest: -  the grean mite
Mononucheltud tgnaiga. Some of these predators were sent to African
countries where they are now settled and have begun to present the

first positive results. (Figure 4)

The biological comtrol program for plant diseases is
one of the main activity areas explored by EMBRAPA specialists. To
control apple root rot caused by the fungus Phuytophihoha sop.. the
antagonic fungus [Aichodehmad viride was isolated and used. This was
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developed~ by _the National Research Center for Temperate Climate
Fruit - Crops (EHBRAPA/PNPF) (Sanhueza. 19920 and 19921). New biotupes
of [Aichodeama AhRrzianum reszistant to fungicides bernomyl and
iprodione were developed to allow joint wuse of this Ffungus with
reduced dosages of these chemicals applied control to such root
fungi as Sclerotinia minof ard S, Aclerotiorum in lettuce (Melo et
alii. 1921 and Silva & Melo., 19290). This research has been cartried
out by the National Research Cemter for the Defense of Aagricultiure
{EMBRAFPA/CNPDA). Results are promissing when wsed by small farmers.
While still1 in the experimental phase armd in controlled comditions,
the binlogical control of the soft rot in potato tubers (EARiINRLL
carotovonrq) has applied plant growth-promoting rhizobacteria
(Mantovanello & Melo, 1290). (Figure 9)
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The bicological control of phutopathogenic nematodes
can  be carried owt by different organisms, for example bactaria,
viruses and other nematodes. Tests were run to select strains of
fungi Pgecilomuced ilianinud and B. fumodoXrodeur with potential For
the colomization of immature eggs (immovable embryos) and mature
ones (movable embruns) of the nematode Meldoidogqune fgvanied. Some of
the Paecilomyced strains should be put om market it 1992. biological
contirol  of rnematoces for commercial use developed bu  researchers.
from the Natiomal Research Center for Temperate Climate Fruit Crops
(EMBRAPA/ZLCNPFT) {(Carreiro & Gomes, 1992).

EMBRA&PA has also developed biological weed control.
EMBRAPA/CENARGEN/BIOTECHNOLOGY working on weed research Jdiscovered
agents with potential for the control of different species.
EMBRAPA/CNPSOYBEAN discovered and has developed the fungus
HelminthobpoAium dp to control leafy spurge, Eupholbig heltenrophulla.
This formula in powder can be dilwuted and offers control egual to or
everry superiocr Lo chemical weedkillers when applied to plants “after
these have samerged and is of comsiderable importance in  soybean
(Yorinori & Bazziero, 1990).

VETERINARY SCIENCE

One - of the most promissing programs refers to the
blolmgzcal ' control of the horn fly., Hematobig iAakitand uwsing the
brown _dung ,beetle Qniophgqud gazella. The natural enemy Was
intreduced in the Btate of Mato Grosso <o Sul  from specimens
received from the mited States. Eating dung, this imsect imhibits
the multiplication of the horn fly and several other worms and
parasites that irritate cattle. This technology has been passed on
to cattle breeders by the National Beef Cattle Research Center
(EMBRAPA/CNPGE) and by the 830 Pauleo State Research Center
(UEPAE/SEe Carlos/SP)Y) (Hommer & Gomes, 1990 and Bianchin et alii,
1992y,

The biological control of the gastrointestinal
nematode Heqmonchud contohiud which affects bovives and other
ruminants by means of the +toxins produced by the Bacifiuyb
thuringiendid and other natural products in test. This project is
coordinated by the National Dairy Cattle Researcih Center
(EMBRAPA/CNPLL)Y . and also counts on researchers from the National
Research Center for the Defense of Agriculture (EMBRAPA/CNPDAY.
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MEDICINE

The production ard use of the commercial
bioinsecticide Baclllud thuhingiendid variety idngeliendid for the
biological control of mosquitos Aeded amd black flies 1is widely
emplogyed  around the worlid. Researchers &t the National Center fopr
Genetic Resources and Biotechnology (EMBRAPACENARGEN/BIOTECHNOLOGY)
research products on  the base of Baciflud Aphgeticud which have
proved efficient in the control of the southern house mosquito Culer
quinguebarciatud and Anopheled. Culex control by B, AphaeXicud has
proven that it is possible to substitute totally. chemicals fFor
bioimsecticides. maintaininmg control amd reducing costs. Studiss on
the uwse of various byg-procducts and agroindustrial resicduss fopr g.
dphgehicud production are in the final stages. Contacts are beimng
made with interested industries with a view to producing a new
bioimsecticide on a commercial scale (Dias et alii. 19920  and
Schenkel et alii. 19290). (Figura &)

5. CONCLUSIONS

Marmy other research activities involving the use of
natural enemies are being conducted by EMBRAPA and these projects
are at different stages of development. Several should prove

important and bring comsiderable advantages to the farmer and the
consumer public in general.

Certainly, a lahoratory with the specific aim to
attend to national mneeds related to the quarantime of natural
enemies trecently accredited shouwld facilitate and stimulate even
more this tupe of study and, at the same time. promolte the rnecessard
safety to introduce exogenous organisms.

On the other hand. growing public awareness «of the
need to value and care for environmental quality, and increasing
interest Jand consequent implantation of obligatory use of the
farminggprescription - authorization to purchase and compound
chemical formulae — imply a growing demand for suwitably trained
specialists” and laboratories appropriately equipped to attend to
these qoncérns. Thus. as in other specialities. bialogical control
strives . .to adopt and adapt sciemtific and technological krowledae
from other areas of science. Thus. EMBRAPA/CENARGEN/BIOTECHNOLOGY
hag set up a well-installed structure and specialized staff in
biotechnology. prepared to play important roles within the modern
approach to biological comtrol through the gemnetic manipulation of
microbic agents. The integration of these specialists with others
from EMBRAPA centers highlights Brazil s role in biological control
at international level. Different research has shown the potential
that natural enemies have to control harmful pests. Research must
continue to prove the socio—-economical amd ecological feasability of
these alternatives. Not only must economic feasability of the
alternative agents for contral be shown but these same alternatives
must also result in the conservation amnd improvement of
enrivonmental guality. Thus. studies im biological control shouwld
englobe from basic studies of native fauma recognition to  the
eventual transfer of technology to the farmers, passing through the
several stages from the introduction of efficient biological agents
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to mass production of the formulae to he applied in the field. In
other words.-biological comtrol research projects showuld be carried
out in a systematit way., given the mnecessaryg interaction between the
diFfferent Ffarming activities,

EMBRAPA. aware of its responsabilita at rnational
level, and together with the uwuniversities and other research
institutes, will strive Lo plag its role and 1o comtribute the
greater production and healthier agriculture in Brazil.
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