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In the period 1985-8 rains over much of Africa after a period of prolonged drought
Countries from Senegal and Mauritania in the west to Iran in the eist were affected.
 
triggered the development of plague populations of grasshoppers and locusts.The use of costly and sometimes environmentally hazardous insecticides did
contribute to the subsequent control of the problem, but highlighted the need for a
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characterization; (4) mass production, application and formulation; (5) biology,
ecology, field experimentation and environmental impact; and (6) dosing session.
 

Topics peripheral to the research programme, as well as central to it, are addressed
in the book. It will therefore attract a wide potential readership among thoseconcerned with insect pest management in general, as well as locusts andgrasshoppers and the potential for mycopesticides in particular. 
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Lukas Brader 
DirectorGeneral,InternationalInstituteof TropicalAgriculture(JITA), 
badan, Nigeria,former Directorof the FA 0 Emergency CentreforLocustOperations (ECLO), Rome, Italy. 

Locusts have caused problems to man's agricultural efforts and well beingever since the first historical records. During the 1930s to 1960s, a period ofsustained locust attack, research by a number of institutions including the 
Anti-Locust Research Centre led to the development of effective controlstrategies. These were based on effective monitoring and forecasting and
using mainly dieldrin, primarily to lay down persistent barriers to control
hopper bands. 

The period from 1960s to 1985 was a remarkably quiet time forlocusts, the longest inter-plague period known. Regretfully, locust surveil
lance, control and research were allowed to run down at the same time.Also during this period, the rise of environmental concerns led to the
banning of many persistent organochlorine insecticides including dieldrin.Another development of note was that legislation adopted in the USA (andlater elsewhere) arising from concerns about dumping of toxic chemicals in 
developing countries, made it impossible for countries in receipt of US aid 
to carry on using dieldrin. 

Thus when locu-A plagues did recur in 1985, not only were organizations charged with control and monitoring unprepared, they had also been
deprived of their most powerful weapon for hopper control. The lesspersistent organophosphates, carbamates and more recently the syntheticpyrethroids used in place of dieldrin made hopper control more complicated because they had to be sprayed over the whole infested area and hadto be applied much more frequently. As such, they have led to undesirable 
environmental effects of their own. However, for the control of adults,these new insecticides proved very useful. 

The challenge is now to develop effective control measures andstrategies, including biological control methods, which will have reduced 
environmental effects, lower costs and equal or greater effectiveness than 



Lukas Brader 
existing methods. Problems in application will always remain; the hugeextent of the locust recession areas,locust control always a 

and their inaccessibility will make
difficult job. Models predicting outbreaks 
are stillunreliable and despite the advances made in the use of satellite technology, 
Preface 

we still rely on ground reports for most of our information.The ideas presented in this volume give some indication of the newpossibilities for control offered by biological means. 

This volume contains the proceedings of a workshop on biological controlof locusts and grasshoppers, held at Cotonou, Republic of Benin, from 29April to I May 1991. The workshop v as funded by a grant from USAID,and organized as part of the joint !IBC/IITA/DFPV collaborative researchprogramme on the biological control of locusts and grasshoppers. Detailsof the programme are given in the relevant section of this book. Theprogramme is funded by CIDA, USAID, ODA and DGIS.
The workshop was originally planned 
as a working forum to discusssubjects specifically relevant to the programme; however, the response toinviiations sent out was so gieat that the concept had to be expanded toinclude a variety of peripheral topics. Nevertheless, useful discussion tookplace, some of which is summarized here. 
The talks presented at the workshop have been edited, translated fromFrench where necessary, and refereed in the case of all but the first section.The first section (1) consists of summaries of the activities of various organizations involved in locust and grasshopper control and some country reports.The remaining sections cover technical aspectshopper biocontrol; (11) of locust and grassagents for biocontrol; (Il) exploration and characterization; (IV) mass production, application and formulation; andbiology, ecology, (V)field zxperimentation and environmental impact. Anedited precis of the discussions in the closing sessionsented. We (VI) is also preinvited speakers who have had practical experience in theuse of fungi for hiocontrol in a variety of situations; in sugarcane in Brazil.in forests in Switzei land, in grassland in Australia. As the reader will note,there seems to he a great mood of optimism concerning the possibilities forcontrol using fungi, and we hope that the information presented here willencourage others to try for themselves. 

A French version will be produced in due course. 
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Welcome address 

Representative of the Minister for National Education 

The 	Representative of the Minister for Rural Development and Coopera-
Action, Representatives 
 of International Organizations, Representaives of Donor Agencies, The Director of the International Institute ofBiological Control, The Representative of the International Institute of 
p cl A i ut re Th D rcor ft e B oog al C n ol e tef r 

Africa, Representatives of National Plant Protection Organizations,

Honoured Guests and Research Scientists, Ladies and Gentlemen:


I am delighted to welcome to Cotonou scientific experts and all those
partners in scientific development who have kindly come to Africa to the
free territory of Benin to exchange views and experiences in
biological control 	 the field ofof locusts and grasshoppers, which are major pests ofcrops in the tropical and Mediterranean zones of Africa and also world-wide. 
Your acceptance of this invitation from IITA and IIBC demonstrateswithout doubt, the interest which the international community shows in the 

without o t restwhich te intertionaioniy ssiptevs ein fArc hc r ujc oivsosb rshpes 
Those of you here in Cotonou, are, by your very presence, lending your 
support to the new biological control project run jointly by IITA and IIBC 
at the IITA research station at Abomey-Calavi, which is trying to curb this 
scourge. This is a project in which the Beninois government and people,
and all African farmers have a great deal of hope. 

In fact, despite strenuous financial efforts by donors, it is an inescap
able fact that chemical means of control are not sufficient to give lasting
respite from the pressure of locusts and grasshoppers, which jeopardise the 
best laid plans for ensuring adequate food supplies every year, in every
affected region. Besides this, when one knows that the solution offered by
chemical pesticides is compromised by the environmental effect of the 
chemicals entering the food chain and 	 affecting the environment, the 



2 Welcome address Welcome address 
importance of biological control in this domain can be clearly appreciateo.
Ladies and gentlemen involved in scientific research. Once more, I thank national, international 
 and non-governmentalorganizations and institutes, from far or near, who have all contributed to 

Let me tell you that all African farmers, people concerned with socio-economic development and the populations the present gathering, and all those research scientists who agreed to come of both town and country herean ytakepartthenverisawait with impatience new technical packages which your work will bring 
tsuccess in your work, I declare open, on thisto National Plant Pro:ection programres and to farmers. I must remind h ser pand th meret inyou that this workshop gives you a good opportunity to examine critically 

day Monday 29 April at Cotonou, the Workshop on Biological Control ofyour results, your methods and the obstacles which impede the rapid deve-
Thank you. 
tsand Go pr

lopment of biological control techniques for locusts and grasshoppers. This
forum also gives you a chance to work out the most effective strategies for
acquiring a 
better grasp of the pathology of these insects, production of
pathogens, application and field trials, related ecological problems
regional and international co-operation. 
and
 

In this respect, this workshop 
- the first of its kind - is only the firststep in a long process, for there is still so much work to be done, the stakesare so important and the subject so interesting. Here we should thank thedonors for making their funds available and for their solicitude.convinced that they still believe in the cause and will spare no effort to hold 
I am 

regular meetings of this kind where sciendstP from different disciplines andsectors can meet to agree upon effective action.I shall addressNow myself particularly to the representatives
National Plant Protection organizations. 
of
 

In the process of developing appropriate biological control techniques
against locusts and grasshoppers, it 
seems to me that you have alarly heavy responsibility, since you particu
are at the same time those who must
act and those who benefit.


Your active contribution is required in the exploration phase and in the
characterization 
of diseases of local Orthoptera, in identifying fungi andother natural pathogens of the insects and in defining optimum rearingconditions. As beneficiaries, you are under an obligation to mastei thetechniques for in situ experimentation, methods of evaluating the impact of
biological pesticides 
 on the environment and the normsapplying formulations in the field. 
and methods of
 

without interesting 
You will not be able to fulfill your role
the powers that be whom you must inform,enlisting the co-operation andof the populace whom you must impress andwhose confidence you must gain.


The Representative of the Minister for Rural Development and Cooperative Action, Ladies and Gentlemen:The organization of a forum at this level involves important undertakings and this is why I should like to thank all those who have been kindenough to lend their support.I should like to mention USAID, GTZ, UNDP, USDA/APHIS.My thanks also to II'FA and IIBC who have made this workshop
possible. 
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Keynote address 

Biological 
 control as a potential tool forlocus andconsequencelocust and grasshopper control 

D.erat a suo oaUSS275 

prnge p5erionofma dryas t erdProlonged peiod of dry years 
o fi theo frttmtriggered feinfestations the developmentof grasshoppers of widespreadgrasshopper, Oedaleussenegalensis(Krauss) in the northern part but also 

in West Africa; principally the Senegalese 

several other species further south. There werein the populations of the four species of locusts
also simultaneous upsurges

tropical Africa for the first time in 50 
of major importance in years. A year later desert locust,Schistocercagregaria(Forskfl), numbers had reached plague proportionsand threatened countries throughout its invasion area in Africa, the mostalarming development since the last major plague collapsed in 1963. 

Breeding conditions remained favourable through 1986-88. During thisPeriod countries from Senegaleast were affected by swarms Mauritania in the westandand hopper bands (Brader, to Iran in the1988; OTA,1990). Also, desert locust swarms crossed the Atlantic confounding thepredictions of the experts that this could not happen (Ritchie & Pedgley, 

1989). However, desert locust plague collapsed in 1989 after failure of 
the rains during thethe winter breeding season. Unfortunatei.,unprecedentedly because of the
long recession period, national and regional locust control
 

organizations had been allowed to run down and were short of resources 

and expertise to combat the plague.


Locust control had depended 
onof dieldrin for many years following research during the 1949-63 plague. 
ultra-low volume (ULV) applicationThis technique was particularly valuable for controlling hopper bandsbecause a grid of sprayed swaths could be laid down which persisted

throughout athem. Dieldrin was also valuable for swarm 
season and killed any bands stopping to feed as they crossedcontrol but had begun to bereplaced by less persistent organophosphates such as malathion. However, 

Keynote address 

concern about the effects of persistent pesticides on the environment andthe banning of dieldrin in many countries at the end of the 1970s, including
countries affected by locusts, forced the abandonment of this product. One

is the need to apply repeated blanket sprays over large areasto achieve the same results as formerly provided by single applications of
dieldrin over a fraction of the area (Brader, 1988; OTA, 1990).The donor community responded to the crisis by contrihutingSahel and north-west Africa (Table 1). As a result of this donor assistance 

million towards some
locust and grasshopper control mainly in theand their own resources, about 4.6 million ha of land in 10 countries 

received aerial or ground insecticide treatments in 1986-7 against locusts 
or grasshoppers, and 10 million ha were sp.aycd in 1988. Some 13 million I
of insecticides were applied, mostly malathion and fenitrothion. The
large-scale repeated application of insecticides raised concern about the
possible impact on the environment as well as on human health (OTA, 
1990). A pilot study on behalf of the FAO measured the impact of organo
phospiiate insecticides and an insect growth regulatoraquz c invertebrates and fish. Adverse effects were 

on insects, birds,categories of non-target organisms, recorded on all theseincluding families containingenemies of locusts and grasshoppers, by one or more naturalof the test chemicals(Everts, 1990). 
Clearly, a reassessment of locust control methods was required and theFAO convened a desert locust research conference entitled DefiningFuture Research Prioritiesin October 1988. Inter alia theconsidered conferencealternatives to chemical pesticides for locust control and'expressed its great interest in the ideas' put forward by IIBC for research 

on the possibility of developing a biological pesticide (FAO, 1989). These
ideas (Prior
research & Greathead, 1989)programme wereby the Internationaldeveloped into a proposal for aInstitute of Biological Control(IIBC) of CAB International. This was eventually funded by the Canadian
Internationai 
 Development Agency (CIDA), the Directorate General for 
Development Cooperation of the Netherlands (DGIS), the Overseas Deve
lopment Administration of the UK (ODA) and the United States Agency 
Table 1. Donor assistance to locust and grasshopper control programmes, 1986-89in US. 

i US6nMultilateral donors 
60,5050,55

NGOs 
Additional contributions 2,455,460 

20,000,000 

Total 

From OTA 1990). 
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D.J. Greatheadfor International Development (USAID). It began in 1989 as ative three year programme collaborabeing undertaken by IIBC, the Internationalmeans 

Institute of Tropical Agriculture (IITA ) and the D6partement de Forma-tion en Protection des Vgtaux (DFPV) in Niger.This Progr , entitled Biological Controf

of killing .~~ 

hoppers,has as its essential objective demonstration of the technical feasibility

locusts and grasshoppers using ofamean oil-basedLoctst and Grass-formulation of afungal pathogen, and involves the following components: 
1. exploration for pathogens 

2. evaluation ofesecognlogoetilatieigrdet of rlaions tbe andaloicussos 
o patioeco 


4 formul atohogens 
 for ULV application 

agent
5. application Of Pathogens to demonstrate6. development of mass production their efficacy as a controlmethods for pathogen spores (IIBC,1990) 

Although the programme had its origin in thie concern generated bythe desert locust plague and the massive application of pesticides applied to
control it, the objective includes grasshopper-. The reasons for this are very 

important. Firstly, analysis of the desert locust plague by the us Congress 

sent to individuals and organizationsconcludes that grasshoppers concernedeach year (OTA, may be responsible for 5-18%
with 

of crop loss in 
locust1990) whereas control,locusts do not cause more than 4% loss 


evnining
even in Peak Plague years (Bullen,pakdplage yearos Buret 1972).1972). yerthaocustprodct sed or ocuset Ths, grasshoppers constitute aRome.an whih cnnotbe s c itue aFAOyears only. Secondly, because of the intermittent nature of locust plagues, aostthe 

product used for locust control and whichunlikely to continue cannot be stockpiledhas other uses. Therefore,Threfeo renuou is mostto be produced during inter-plague periods unless itproductproductaa whichtistusedtoacoitrolegraswhich is used to coPrtrol grasshopperspersReport 
upug nlcs beciiywillincreasenuin a production sne toe mhtaltathesaemergen etcy. ciiywl ea nras npoutoThdrge s hRitchie, ome h 

This address has outlined the circumstances leading to the initiation ofWthe use biological control programme and its rationale.
We, the collaborating institutes, believe thatin meeting the objectives of the programme and are proud of our achieve

we have made good progress
ments so far. This conference
obtain has been convenedthe views of specialists to discuss progress, 
execution, and most 

in the various disciplines involvedimportant, in itsto inform and solicit guidance from thecountries and organizations which will eventually have the opportunity to 

use any product which is developed. Steps are being taken on behalf of the 
of protective patents, that the results will be 

freely available to affectedf r to ffece d countriesounr iesoso that theythat canthe benefit fromfrom settingb ei t s e 
up their own production plants, and as far as possible make use of cheaplocally available materials to manufacture the product.The conferenceauthoritative review has been planned in suchof each main a way as toduson topic by a specialist provide an 

hic it i pe 
le by e ani uin followed by a 

tat oldiscussion led by expert panellists during which it is hoped that you willcontribute. The formal reviews, contributed papers, andokoradconclperus wil to a summary of theanriforatiepublisheis.I a st atng e aysnt andhi 
state of the art for biological control of locusts and grasshoppers in the 
advance would like to thank all those whose efforts have made this con
fee c osb e n oe ul abgs c es 
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FPVThe MC/IfA/ ollboraivementallyresearch Progranm e on the biological
control of locusts and grasshoppers 
C. Prior, C.J. Loerexpressed 

InternationalinstituteofBiologicalControl. 

I-H.Herren, A. Paraso 

IneornalI Sit oapproach

InternationalInstitute oby Of TO~icl Agiculure.that 

Dipartementde Formationen Protectiondes Vigetaux. 

Introduction 

Locuts Partculrlydamage.Locusts(pglrah deserterS ar aeleGeddsgro 
es lcst (Krac 

y) KefKrauss) and many other species) are the Krauss),plagemost seriousarinsect pests of agri-angulifera 

lust m y ttac

lcutr iny teahek (Gedfomest lgeyassamSeda,
fiatI ni1990).

api and locustsstsgrasshoppers an frqetyrequire ftedsr 
freuentlyrcontrol chemical cot oltursmeasuresThe campaign against the desert locust outbreak which began in 1985 had

cost USS150 million by 1988, with approximately USS70 million of thiscost borne by the afflicted countries (Brader, 1988). 1988USS100 million was spent on desert In ?lone,forw locust Control (Anon., 1990)snnegrasshopper Costscontrol in 1986-87 amounted to USS62 million ( 

The8)inseciciden
The insecticide formerly favoured for desert locust control was diel-drin, which persists for months after application.WThisiwssdveryreverywdoses r ecta elow doses per hectare, This was very effective atbut is now banned in most countries wherecontrol is required because of concern about environmental damage and 

the hazard to health ofhumans and livestock. The most recent plague wasfought with a variety of less persistent pesticides, of whichfrequently used were fenitrothion and malathion. 
the most 

These are less effective 

IIJ 7",IIt/DFI' V collaborative research programme 

precisely because they are Icss persistent, and may give inadequate control 
(Brader, 1988). As a pesticides,result of the switch to these somewhat more environacceptable control costs risenhave tenfold (Brader,1988). The amountsbecause several of pesticide applied haveapplications also greatly increased,dieldrin. may now be necessary instead of only one ofThe very high cost of these control operations and the concerns 
community, especially in the USA which provides 

about their effectiveness have led uneaseto among the donor(Anon., 1990). Brader (1988) 20%tv o r ve okneto of donor supporttaei s a a r e od t u erh enoted that the ban on dieldrin should be anincentive to review control strategies and to carry out research on new 
control methods, including biological control. This approach was reviewed 

Prior & Greathead (1989), who discussed the range of biological agentswas themay attack desert locust and concluded that the onlyto develop the entomopathogenic Deuteromycotina viableMeta

rhizium spp. and Beauveriaspp. as biological insecticides. The reasons forthis are reviewed below. 

Biology of locusts and their natural enemies 

During recession periods between plagues, desert locusts occur as very 
sparse populations of individuals in the solitary phase, which cause no 

When conditions for breeding become more favourable, usually asa result of rainfall which provides more areas of soft opopulations increase and the insects switch to the gregarious phase. Hopper
bands soil for egg laying,and adult swarms then form and the latter migrate very large
distances by flying, following well-documented wind patterns. Because of 
the great fecundity of locusts, huge numbers may appear very rapidly whenbreeding conditions are favourable: a swarm may contain up to 50 million 
adults/km2 , and in 1988 there were swarms(Brader, 1988). A major invasion of swarms in Sudan covering 150 km2 

may weigh 100,000 tonnes 
and eat this much green vegetation every day.If breeding areas were both predictable and accessible, treatment ofegg fields or hopper bands would be the preferred approach to control. 

dieldrin was used, swaths were iaid down inpersisted for many months the desert whichand effectively controlled hoppers whichmarched into them. If hoppers are to be treated with non-persistent insecticides it is essential either to treat the whole area or to find and treat everyband, but neither of these approaches is feasible. The total areas involved 

are too great for economic treatment and the environmental damage wouldalso be unacceptable. Surveys for hoppers cannot normally hope to detectmore than a small fraction of the bands in a given area, but > 90% must be 



10 C Prior,CJ.Lomer, H. Herren, A. Paraso.C.Kooyman, &j.j.Smitkilled to give useful control (Brader, 1988). In additionareas are not accessible due to remoteness many breeding
fore often necessary or military activity. It is there-to adopt a 'firefighting'detecting adult swarms approachand treating them before 

which involves 
they arrive at agricultu-

If adult swarms are the target thenhave certain Properties a suitable biologicalto be effective against them. agent must(1989) noted that although Prior & Greatheadthe arthropod predators and parasitoidslocusts had a major role in hastening the end of p!agues they were unsuit-
of

able for manipulation, and migratory pests such
poor as
targets for classical biological 
the desert locust were

promise, because control. Pathogens showed moresome of these could be manipulate6cides. This allows as biological sthe possibility of using conventional application tech-
nology, including aerial spraying, which is already highly developed forlocust control.The known pathogens of locusts and grassnoppers include entomopox-

viruses of unknown host range and pathogenicity, a single record of a bacu-
lovirus in desert locust, several protozoa including the well-studied Nosemalocustae Canning, mermithid nematodes,infecting bacteria several opportunisticsuch as wound-lSerratia marcescens Bizio andaeruginosa (Schroet PseudorfungusEtophagarli onas( with a widefungus Entomophaga host rangerwit ieos sgry i (Fresenius) an, sincluding udnasBatko, sens mammals, themyceteftingiin thegenera Metariziu 

i lato, and deUtero
Beauveria Nomuraea Paeiomyces 

and Vertirillium (Prior& Greathead, 1989). 
To be effective as a biopesticide, the properties of a pathogen mustinclude cheap and easy production, safety and host specificity, applicationusing existing technology, rapid action. 

deuteromycetes, especially 
Only the entomopathogenic

Metarhizillm spp. and Beauveria spp., fulfilthese requirements. They also have the additional advantage of penetrationdirectly throughdyi te tr u the cuteThese fungi h t e c c e, hrecan therefore bewheusedreas all other agentsneed for them haveto persist in the harsh
as contact pesticides, to be ingested .veand there isdesert environment nofor the targetinsects to find and eat them before infection can occur. However, it will betempera 

necessary to show that they can infect successfully under conditions of high
tureand low reltive humidity. 

Formulation and application of fungal pathogens for locust 
Control 

Programme Centre of the International Institute of Tropical AgricultureIn 1988/89, IIBC developed a joint Proposal with the Biological Control
(IITA) at its station in Cotonou, Republic of Benin, and the Ddpartement 

IBC/IITA/DFPVcollaborativeresearchprogramme 
de Formation en Protection des Vgrtaux (DFPV)logical control c in Niger for the biolocusts and grasshoppers. The core of this proposalresearchand on the development wassuitable for application of formulations of the conidiapathogenic deuteromycetes which would be effective under arid conditions 

of entomousing controlled 
droplet application

technology at ultra-low volume (ULV) 
(CDA) 

rates.The most commonly recorded fungi in this group which attack locustsand grasshoppers are 
flatioviride W. Gams 

Metarhizium anisopliae (Metschnikoff) Sorokin,& J. Rozsypal and l.Beauveria bassiana (Balsamo) 
are thin-walled spores producc, in submerged culture, are both pathogenicbut conidia 

Vuillemin. Conidia, the natural units of dispersal, and blastospores, which 
are more stable. The conidia of Metarhiziumt'eriaspp. are hydrophobic and difficult 

.and Beau
to disperse in water, but they arephobic, but oils spread readily over 

lipophilic and can be suspended easily in oils. Insect cuticles are also hydrothe epicuticle whichproportion containsof waxes. A suspension a highof conidia in oil thereforeprotecting adheres 
readily to the cuticle. The oils may also have the additional advantages ofthe conidia from desiccation, thus encouraging germination
when ambient humidity istow, andmembranes where penetration may 

spreading them to the intersegmentalthis was obtained by Prior occurof B. bassiana for et a (1988), who
most 

found
easily.

that the 
Some 

LD 
evidencehe forcocoa weevil pest Pantorhyiesplutus (Oberthir)of conidia(Coleoptera: Curctlionidae) was over thirty times lower if the conidia weresuspended in a vegetable oil instead of water. 

There was no evidence from the work on P. plutus that such an effectcould be demonstrated at low humidities.Khachatourians However, Marcar lier(1987) showed &that whensanguinipes(Fabricius) the grasshopper Melanopluswas inoculated with an aqueous suspension of Beau
veria bassiana conidia, the rate and level of mortality w- affected by the
 

a ba s awhether the RH was 
relative bimidity duringthsubsequent iacubation, and the LT 0 was 7-8 days 

a c n d a r te nd l o m r100%, 33% or el12%. a i y w ' af c ed y t eIt thus appears possible to kill grasshoppers by topical application of B.
bassianaeven at very low relative humidity, and to greatly reduce the dose
of fungus required by formulating in oils instead of water. 

ff 
n u e urd b 
o m ltn 
nol nta 
 f w t rOiliformulationwould have the additional advantage o m lto 
that conventional 

CDA equipmentcould be used, at ULV rates. CDA is a more efficient way to apply pestiformulate in non-volatile diluents to avoid evaporation of the very smallcides than conventional methods of atomization, but it is essential to 

spray droplets. Oils are frequently used for this purpose.
 
for Schisocerca gregaria(Forskhl).
essential where the formulation must be applied by air, as is often the case
 

CDA techniques are well-adaptedTheto technologyULV application rates and areof ULV application 
was developed for locust control and the logistical infrastructure already 
exists. There are also good prospects for controlling a variety of economically 
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important grasshoppers by IPLV spraying. Unlike locusts, it would befeasible to tackle grasshoppers by ground based spraying. The technilogyfor fungus production and application would be in place for grasshoppercontrol at times when locusts are in recession and this would also ensure its 

availability for locust control in plague years.
Four international donor agencies agreed le contribute to a
research three yearlocust andprogramme to demonstrategrasshopper control. Thesethearefeasibility of this approachthe Canadian Internationalto 
Development Agency (CIDA), the Netherlands Directorate General forDevelopment Cooperation (DGIS),Administration (ODA) and the USA the UK Overseas DevelopmentAgency for International Develop-
ment (USAID). Work began in October 1989. 

Res c rwould 

The programme at BBCW, UK 
Are suitableungaahinoculation 


Arngapahogen available? 


Surveys are being undertaken in West Africa, Oman and Pakistan for newisolates of suitable fungi, and existing isolates from culture collections arealso being tested. An assay technique has been developed using topicalapplication of a standard dose of 75,000 conidia/insect in oil to adult S. 

gregaria.After inoculation the insects held unfed in plastic boxes atare30C and mortality is measurednates satisfactorily between the
over a 7 day period. This method discrimimajority of isolates which cause nomortality during this period, and a few which cause mortality beginning onday 4 and rising to > 90% by day 6. 

All isolates highly virulent to S. gregariawhichdate have been tested toare in the genus Metarhizium and have Originated from Orthoptera.

The isolate adopted as 
a standard and used in all assays for comparison isM. flavovi,;de IMI 330189 which originated from the grasshopper Orni-
thacriscavroisi(Finot) collected in Niger. Other isolates which


to are highlyvirulent S. gregaria are: M. flavoviride IMI 324673 ex Zonocerus
elegans (Thunberg), Tanzania; M_ anisopliaeIMI
Ethiopia; M. anisopliaeARSEF 324 

168777ii ex S. gregaria,
ex Austrac -is guttulosa (= Patanga 

guttulosa(Walker)), Australia. 

No highly virulent isolates have yet
orthopteran been found originating invirulence- Nohosts,isolatesalthoughof Beauveria spp. 

non-some Coleopteran isolates showed moderatehave yet been found which aremore than weakly virulent to S. gregaria,even those which originated from 
the host itself or other acridids. This may be due to the high temperature 

(30"C) at which the assays are conducted. 

IIBC/II7A/DFPVcollaborativeresearchprogramme 

It would appear from the limited evidence to date that Metarhiziumspp. are more likely than Beauveria spp. to be virulent, and isolates fromOrthoptera are more likely to be virulent than those fromHowever, many cases are known 
other orders. 

of an isolate from one order showing 
virulence to insect anotheran in order (Prior, 1990) and it would bepremature to draw any conclusions yet on the most offavourable sourcesuseful genotypes. It is clear that highly virulent isolates are available, bothfrom S. gregariaand fiom taxonomically related hosts, even if the latter are
geographically isolated from it. 

Caninfection occurat low humidity andhigh temperatureusingsuitable 
diluents? 

therefore appear that these results support the claim by Marcandier &Khachatourians (1987) that infection can occur at low RH followingtopical application. Mortality also occurs under these conditions followingwith an aqueous suspension of conidia, but the mortality peakis delayed by about two days. Comparative LD5o determinations for oil andwater have not yet been carried out, but it would appear that there is areduction in LD,0 with oil formulations similar to that observed by Prior et 
aL (1988).
 
Are theformulationsstable a high temperaturesandhigh incidentlevels of
 
ultra-violet radiation?
 

Studies have been carried the effect of temperatureon on the survival ofconidia of isolate IMI 330189 suspended in various oils. In the most benignoils, such as soyabean oil and mineral kerosene, there was only a 5% loss 
of viability aftcr 20 weeks at 52-4 weeks at 25iC and in 

and 15C, but a similar decline occurred in< Iweek at 35C. No attempt was made in theseexperiments to improve stability by the use of addities or by pre-treatingthe conidia, although several approaches are feasible. It appears that longterm storage will require coolig. Conidia are probably sufficiently stable toallow spraying under desert conditions, but more research is required to 
improve temperature tolerance.Ultra-violet radiation in the UVB range is lethal to many fungal spores. 

A range of compounds is available which absorb UVB and have been usedto improve the stabilit' of biological pesticides. Those which are compatible with oils have been investigated in an attempt to improve the survivalof conidia of IMI 330189 on exposure to tropical sunlight. Oil suspensicnsof conidia with added chemical sunscreens have been exposed to the UVcomponent of tropical sunlight using an 'Oriel' brand sunlight simulator. 

Oils themselves have a considerable absorbance for UVB but conidial 
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suspensions ih- oils without added decline25% sun-screens to approximatelyof their initial viability after 60 min exposure and<1%atr10SvrlioteofBu 
The idditiona single sun-screen chemicl can < 1% afterof min.t00approximatelyl 45% after 60 min, and a combination Of twotwo chemicals can a xe 4 e ,tionof cheivals to 
increase it to approximately 65%. Care must be taken in selecting combin-
ations ofadditivs, because somecombinations have acancelling effect andthe conidial survival is worse than in the t )amended suspension 

Can the requiredlethaldose of spores be delivered to the target? 

Under field conditions the biopesticide will impact on the target as very
smal drples, robblyappoxiatel75gmsmall droplets, probably appromately 75 MD he ethl dse ustOfrmVMD. The lethal dose musttherefore be applied in a large number Of very small droplets rather thanthe single large drop used in the laboratory assay. In order to study the

imental track sprayer has been built in which the target insect 
deposition of formulated conidia under more realistic conditions, an exper-s are passed 
on a conveyor belt at controlled speed through a cloud of spray droplets
produced by a conventional CDA rotary atomizer. The technique can alsobe used to study the effects of vary;ng the droplet size by adjusting thespeed of rotation of the atomizer. The experiments are carried out at 30"Cand 30-35% RH but these environmentalMortality occurs conditions can also be varied.in 5-8 days depending on dose and droplet size. Thissuggests that the formulation is suitable for field testing using similar rotary 

atomizers, which are available commercially as hand-held sprayers. 

Ile Programme at ITA, Cotonou 

Work at the IITA Biological Control Centre for Africa Republic of Benin,
fits into the joint locust programme as the field site for initial testing of 
formulations developed in UK, and for basic ecological work on local grass-hoppers. The project will also investigate methods of mass production,and initiate a training programme. 

Grasshopperecology 

The first six months' data on local grasshopper ecology are summarized inthe paper by Paralso et al., these proceedings. Zonocerus variegatus(Linnaeus) is the commonest grasshopper encountered in the humid zonein West Africa. Z. variegatusis generally ignored by predators, but is hostto a variety of interesting pathogens and parasites, of which Entomophagagrylli is the most prevalent. Outbreaks are closely associated with rainfall,but epidemics are Verylcalized, andorme mini-climatedPossiblyfind someareway of enhancing them. 

ilBCIITA /DFPVcollaborative research programme 

Several isolates of Beauveria bassiana on Z. variegatus have been 
ribsinanZ.aigashveenfound, and the best is being developed as a mycopesticide using the samevariegatus,farmers still worry about this insect, and large amounts tCf insectsystem as ior locusts. Despite the controversy over the pest status of Z. 

icide are applied to control it. For these reasons, development of a myco
pesticide which could be produced locally and byapplied farmersjustified. So long as a pathogen and application system similar to that beingis 
sdeveloped for use in

provides the Sahel can be shown to be effective, Z. variegatusus with an accessible model system. Preliminary results have been 

encouraging. 
the other grasshoppers in south Benin (Fishpool & Popov, 1984)none are reported as major pests, but local populations can cause damageto a variety of crops. Our interest in them -: primarily as a source ofpathogens. Project work has focussed on assembling a reference collectionof grasshoppers. so that incoming materialcation before being dissected to look for

can be given a positive identifipathogens. Some interestingnematodes have been found, and various bacteria and fungi, particularly in 

Zonocerus variegaus. 

Fieldtesting offormulations 

The main thrust of the work at Cotonou is the field testing of formulationsof Metarhizium flavoviride developed by IIBC. This work is presented in 
more detail in the paper by Bateman et al.(these proceedings). The most 
cerca gregaria. However, theserecent field bioassay resulted in 95% mortality in 10 days in adult Schistoinsects were infected with Malamoeba 
locustae (King & Taylor) which may have predisposed them to infection.
This work is at an early stage of development, and more results will be 
reported as they emerge. 

Production 

Fungus spore production is a key element in assessing the potential applicability of any mycopesticide. Fungal spores have been applied at a rate of2 x 101 sores/miwith 2 to 3 1 of formulation/ha (= 4-6 X 1012 spores!ha), and we must solve the problems of production if we are to apply sufficiently high doses in the field. With insecticides, it is common to apply 2.5X 107 LD9s/ha and this is the level we shouldbiologicals too. So far, requirements for 
aim to apply with 

arena trials and laboratory
bioassay have been met by producing spores in medical flats and variouslocally available bottles, the most suitable being square- ctioied spiritsbottles. Molisch's agar is used as the medium. This method suits oil extraction of the spores very well. Other papers in these proceedings (Roberts; 

Mei.dona) discuss mass production in developing country settings. This 
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C. Prior.CJ.Lomer, H. Herr,.. A. Pzra'ro,C.Kooyman, & .. Smitwork has not yet been carried out in any African country;'he it is likely thatBrazilian methods, such as production on rice grains, would provide abetter model than methods used in Czechoslovakia or China based on a 

for food production.f
slightly higher level of technology"allodsprodti, or exp.rience with fungal fermentation 

authorities in the Republic of Benin.whether farmers Issues whichare likely -e need to faceto use mycopesticides, areor whether we shouldthink in terms of specialist plant protection teams. in assessing the applic-ability of proposed methods, it is essential that national programmes are 
involved early on in the research and development process so that African 
solutions can be found to African problems.Training needs which should be addressed at this stage are both grad-uate specialistentomologists who are interested in conducting work on 

training in insect pathology, and training for prcfessionalUntil insect pathogens.we are more confident of our results, we are concentratingtraining for research scientists, ot for practical implementation. on 

Environmental monitoring 

Environmental monitoring will also form part of our studies. As discussed
by Matteson (these Proceedings) environmentalessential prerequisite impact studies are antto field application. Although pathogens are inher-ently far more selective than chemical insecticides, and already exist in theenvironment, the amount of ir iculum may be raised above natural levels,

We need to know the effect jr this on non-target organisms. 

The programme at DFPV, Nizmey 
The DFPV in Niamey, Niger, is Predominartly a training organization andprovides training for crop protection at a variety of levels. The department
also provides a base for exploration and networking activities carried out

by the DFPV part of the locust project.aryt , aro th DFPV is on the same siteloc proecteis as o he samerse as 
Eprioy ashow.'A R Hy M T a t l p d aresistance 

Work started at DFPV in May 1990 with the arrival of the locust control 

IIBC/IITA/IDFPVcollaborativeresearchprogramme 
expert. The first season's field work Zook place largely in Niger and established a network of collaborators who would be prepared to help collectgrasshopper pathogens. This network has subsequently been expandedthe mainland CILSS countries visited (ser- paper 

to 
al te m iln by Smit, theseproceedings); collaborators havenrebeen identifiedI S o iie se p p r bin each country. Severalmt h s 
notices have been placed in the SAS (Surveillance des Acridiens du Sahel)
newsletter produced by PRIFAS. The most recent notice included the offerof cash bonuszas for any useful pathogenis found; exploration and collection(these proceedings).

Subsequent field seasons will be spent travelling throughout the countries of the Sahel and visiting desert locust breeding grounds in Niger andMi. ote pal iiit is liklyt cirusiMali. the nHowever, political 1,tability is likely to circumscribe the extent of 
some of the visits. 

Laboratorywork 

Cultures of Schistocercagregariaand migratory locust, Locusta migratoria 
(Linnaeus),long are mainta;ed at DFPV by Mr Tahir Diop, an acridoogist ofstanding.
(Krauss), Oedaleus senegalensis (Krauss),Hieroglyphus Kraussaria anguliferadaganensisKrauss and several other pest species
have also been brought into culture. P,, manipulating day-length, it has 
proved possible to break diapause in :-. senegalensisenabling continuous
 
reproduction to occur.
Facilities are in place inbioassays of fungi in Niamaey for the culture of fungi, andlocusts and grasshoppers some
Recently, some have been carried out.large cages have been constructed which will allow us tospray locusts with fungal spore preparations under natural conditions andleave them undisturbed after spraying. 

Conclusion 

The results of this research programme have shown that it is possibleformulate tothe conidia of M. flavoviride in oil diluents suitable for CDAfield to kill locusts. Research will now concentrate on improving the formu
fusing rotary atomisers and tolation, particularly with regard 

apply the formulations successfully in theto its stbility at high temperatures and its 
to ultra-violet light. Since isolates of Metarhiziumand Beauveriaconsiderable specificity it will also be necessary to continue screeningforestablishedisolates with virulencecontacts to other target acridids.throughout The programmea vast area of West 

has 
Africa to provide asource of isolates and, eventually, participateto in the field testing of 

fungal formulations. 
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APHIS; grasshopper integrated pest
 
management in the United States 
- a
 
co-operative project with emphasis on
 
biological control
 

G.L. Cunningham 
USDA, A PHIS,PPQ,GrasshopperIntegratedPest Management Project. 

Abstract 
The Grasshopper lntegr'ted Pest Management (GHIPM) Project was
organized in 1987 in response to record-setting grasshopper infestations that 
blanketed millions of hectares of US rangeland in the mid-1980s. Initiated as 
a pilot study, the project isdesigned to develop and integrate grasshopper
control strategies into a total system for use by managers of public and 
private rangelands. Two areas in Idaho and North Dakota are used as
integrated pest management (IPM) demonstration sites. Management studies
in these areas include population dynamics, economics, environmental 
consequences, bait applications, and biological controls. The GHIPM Project
is a co-operative effo-t managed by the Animal and Plant Health Inspection
Service in association with other agencies of the US Department of
Agriculture and the US Department of Interior, Environmental Protection 
Agency, State Universities, and rancher associations. 

Introduction 

Combatting rangeland grasshopper infestations in the western USA is well
beyond the abilities of i.-dividuals or community organizations. As a result,
in 1934 Congress charged the US Department of Agriculture (USDA)
with assisting in grasshopper control efforts. USDA's Animal and Plant 
Health Inspec:ior Service (APHIS) provides direcz supervision and leader
ship for grasshopper management programmes in co-operation with other 
federal agencies, state departments of agriculture, and private ranchers. 
APHIS's authority to conduct control programmes is provided by the In
cipient Control of Pests Act (1937), the Organic Act of the Department of 

21 



22 

G.L. Cunningham 
Agriculture (1944), the Cooperation With State Agencies in the Adminis-
tration and EnforcementFood Security Act (1985). of Certain Federal Laws Act (1962), and theCo-operative contiol programmes for grasshoppers on rangeland occurevery year and were most visible in 1985, whenheavily infested. In Idaho alone, 

22"million hectares were more than
treated 2.4 'ni!!;on hectares werethat year. Treatments of this magnitude, usually with aerially
applied liquid insecticides in blocks of 4000 hectares or more, raisedconcern about the effects on nontarget organisms, environmental contamination, and other related problems. The American public and scientistsjointly developed considerable(IPM)as a result, and 1PM interest in integratedis now the preferred pest managementalternative for federal 

control programmes 
on rangeland grasshoppers. 


GIIPM Project 

The Grasshopper Integrated Pest Management (GHIPM) Project wasinitiated in 1987 as a 5-year pilot programme. Its goal is to develop, evalu-
ate, and implement a grasshopper management scheme that can maintainpopulations at noneconomic levels and thai is cost effective, technicaliyfeasible, and environmentally acceptable. Plans are being made to extend 
the project for three more years, to September 30, 1994, to allow for 

teheolgHP ra ecthsishaqarr.nBosIao
The GHIPM Project has its il okiaccomplished at two rangeland areas inMcKenzie County, North Dakota, 

and the Shoshone Bureau of Land Management District in Idaho. These 

headquarters inBoise, Idaho.Field work is 

rangelands represent the major western ecosystems in which grasshopperoutbreaks usually occur. Three distinct study areas are contained in each of 
the two sites - a no-treatment area, a sfdndard treatment area, and the 

demons'ration area. 


No-treatment area 

In no-treatment areas, neither APHIS, the GHIPM P. 3ject, 
nor any other
co-operator funds or participates in any programme to control grass-hoppers. The no-treatment alternative enables the GHIPM Project to studythe impact of allowing grasshopper populations to develop without inter-vention. This study provides a benchmark against which the success rate of 
other alternatives can be gauged. 


Standard treatmen areaPS 

ines govern the management of grasshopper infestations. Typically, APHIS implements biologicalor chemical control methods when grasshopper populations exceedsquare yard (8.7/m 2). Local 8 perfactors such as grasshopper life stage andspecies as well as range condition affect the decision to treat. 

Demonstration area 

The GHIPM Project tests IPM strategies at selected demonstration sites.feasible control options.Based on grasshopper managemer, needs, these strategies help identify 

Research and evaluatiori of IPM methods in the demonstration area
include: 
1. formulation of selective grasshopper bran baits2. development of biological control agents3. improvement of range management techniques 
4. monitoring of environmental effects5. evaluation of post-treatment effectiveness.


Most of
operators the GHIPM Project'sfunded with federal research is donetax dollars. Studies by university cofall into one of four 

categories: forecast, survey, decision making, or options.Forecast studies are conducted to help predict the time of year whengrasshopper outbreaks will occur, the age structure of grasshopper popula
ions during outbreaks, and changes in grasshoppercovers such density. Resea.rchtopics as range management, grasshopper biology, and phe

nology.Survey studies are conducted to improve the accuracy of field observa

tions. Research results help establish guides to assist field personnel inportray economically significant grasshopper species, including information 
identifying nymph and adult grasshoppers. The published field guideson distribution, habitat, and food preferences.

Research on decision making looks at the benefits and costs of grasshopper suppression and the environmental iml , s of grasshopper control.
 
Studies cover treatment efficacy, rehtionships between grasshopper densityand forage loss, and the effect of control programmes on threatened andendangered plant and animal spec.:,s. 

Options studies are designed to evaluate current control tactics and to
develop new strategies that take into account environmental sensitivity.
The project is studyi.ig the effectiveness of bran bait formulations for pesti
cide delivery and possibilities for using reduced active ingredients. Options 

http:studyi.ig
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studies also involve work on the development and application of biologicalcontrol. 

Biological control emphasis 

The GHIPM Project emphasizes research, development, and implementa-tion of biological control for grasshopperspromise to be the decade of the environment(Anon. 1987, 1990). The 19 9 0s
pressure for farmers with increased publicto lessen their dependenceConcern about pesticide on chemical pesticides.r-sidues and ground water contaminationagrichemicals is grcwing. As a consequence, the use of chemicals is likelyto be more re'stricted in the future. These concerns, coupled with increasedfederal and 

by 

state regulations to protect threatened and endangered plantand animal species, push biological controi to the forefrontalternative to conventional control techniques. 
as a possible 

Unfortunately, the need for research toward the use of biologicalcontrol agents for grasshoppers has beenbecause of the availability of inexpensive and effective chemicals. Ranchers 

given lower priority until nowand land managers, who expect quick kill with pesticides, will have to re-adjust their thinking about biological control because it is relatively slowacting. Other barriers, such as economics,life, quality control standards, and governmental regulation,cant hurdles to the use of natural controls. mass production, viable shelfpose signifi-

Using combinations of parasitea, predators, and pathogens, investiga-tors in the GHIPM Project are addressing biologicalfronts. The protozoan, control on severalNosema locustae Canning is approved for use inFederal co-operative control programmes. Its utility on rangeland continuesto be studied. Exotic isolates of the obligate fungal pathogen Entomophagagrylli (Fresenius) Batko are andergoing experiments on epizootiology andfield release. Entomopox viruses have been isolated from at least eight grasshopper species and studies are ongoing 
to maximize production efficiencyfor field release. The microsporidium Vairimorphasp. has been found tocause natural epizootics with mormon cricket, Anabrus simplex Haldeman
(Orthoptera: Tettigoniidae). Accordingly, studies 
 have been initiated to
develop protocols for production of inoculum for field introduction. The
fungal pathogen Beauveria bassiana(Balsamo) Vuillemin is being investigated to determine its effect 

Cell culture systems 

on several species of rangeland grasshoppers.
for production of host cell dependent grasshopperpathogens have been initiated along with formulation additive studies forsolar-irradiation protection of fungal pathogens. Foreign explorationgrasshopper biological control agents has been 
for 

focused onthe Soviet Union. Australia andResults to date include the collection and quarantine 

A PIlS 

screening of grasshopper egg parasitoids from the genus Scelio (Hymenoptera: Scelionidae). Finally, impact studies of large scale grasshopper
control programmes on insect parasites and pathogens continue in the IPM 
demonstration areas of North Dakota and Idaho. 

Co-operatve effort 

The GHIPM Project is a co-operative effort maaged byAnimal and Plant the USDA'sHealth Inspection Service.involved Other USDA agenciesinclude the Agricultural Research Service, Econun,ic ResearchService, Forest Service, and Extension Service. Three branches of the USDepartment of Interior are also co-operating: the Bureau of Land Management, Fish and Wildlife Service, and National ParkEnvironmental Service. The US
Protection Agency, 10 state universities, and the McKenzie
County North Dakota Grazing Association 
are also directly involved in theco-operative effort. 
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Abstract 

The structure of the CECocust entomopathogen project is described. The
project has only recently started and at present links five European and two 
African countries. The emphasis is on collection and identification ofpathgen,hread cotac f pthoensingrups pontsforpathogcns, and contact points for three groups of pathogens(bacteria/protozoa, fungi and viruses) are given. 

The Commission'Biological of European Communities sponsors a project entitledcontrol of locusts by entomopathogens'. The project supportsresearch on the use of insect disease agents against locusts and grass-
hoppers in five European and two African countries. The project has onlystarted recently and little practical work has so far been done. It is
schedLed to operate for three years until the end of 1993.The main objectives of the project are to find diseases for the microbialcontrol of locusts and grasshoppers, to accomplish the necessary isolations,characterizations and testing
formulations 

of such agents, and to develop effectiveof these pathogens for practical use. These formulationsmight contain synergistic compounds like chemical insecticides in reduced 
concentrations or insect growth regulators.The Institute for Biological Pest Control in Darmstadt, German),main contractor for the project. The main function of the institute in 

is the 

the
CEC project is to co-ordinate activities. It also helps other participants to
identify locust diseases and trains staff of Africanresearch on institutes. Its practicallocust control falls mainly underproject: 'Biological and integrated locust control'. The institute is part of 

a national GTZ-sponsored 

26(DLCOEA) 

CEC
 
the Biologische Bundesanstalt ffir Land- und ForstwirtschaftBBA (BBA,Federal Biological Research Centreis presently arranging four associatedfor Agriculture and Forestry).contracts with 

Thestitutions and two subcontracts with African organizations. The followinginstitutes will be participating in the project under these contracts. 

European in-

The INRA Research Station of Biological Control in Laenvironment, that is how disease agents 
Mini~re,France, will study mainly the persistence of microbial control agents in thecan 

factors such as 
survive under the influence ofradiation, temperature or low humidity. The research is ledby Dr J. Farques who has extensive experience in this field. Connected to 

such research will be attempts to improve the persistence of promising
agents through suitable methods of formulation. The institute will also
search for new pathogens of locusts and grasshoppers and in the past has
studied many diffeien.t types of insect diseases, particularly fungi.

The Laboratory of Comparative Pathology in Saint-Christol-Les-AIs 
in France is a second INRA institute participating in the project. A groupunder Prof. Vi. Bergoin will be mainly involved in. the characterization and 
duration of the project. In this connection it should be mentioned thatvirus belonging to the group of entomopoxviruses has been recently founda 

field populations of Schzistocerca gregaria (Forsk~l) in the Yemen, but 
temtrathe material has been subsequently lost.a ensbeunl ot 

The International Institute of Biological Control in close collaborationwith the of inUniversity Bath England is attempting to enhance the
infectivity of fungi against locusts through the addition of chemical insecticides (at low concentrations) orleading the locust group at insect growth regulators. Dr C. Prior isIIBC; the work at the University of Bath isheaded by Dr A.K. Charnley. If time permits it will also be investigatedwhether the addition of certain compounds to the food or to baits could 
facilitate fungal infections through the gut. 

A group at the University of Crete under Dr A. Legakis is studying theecology and control of local species of grasshoppers which are causing cropsable fo roc nTro l an d lettosuitable for microbial control and to develop 
f ding,

methods of producing, 
formulating and applying these.The entomological institute of the University of Bologna in Italy hassimilar type of programme. Te research is conducted by Dr G. Briolinia 
and Dr K. Dese6. The most destructive species of grasshopper is Calliptamus italicus (Linnaeus). The ecology of this grasshopper is being studied,(Fresenius) Batk(.. The development
especially how populations are regulated by the fungus Entomophagagrylliof microbial control methods will beattepted . 
attempted.The Desert Locust Control Organization for Eastern Africa 

is starting efforts under the project to find and develop 
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suitable microbial control agents against the desert locust. Mr Musa of thecollaboration 
DLCOEA will be in charge of this work. The research will be done in closewith the participating institutes in Europe. BecauseDLCOEA 	 theregularly conducts control campaigns in 	 a number of 	EastAfrican countries, it already has a very suitable organization for conductingsurveys and field trials. 

At the University of Cairo Dr Said Abol-Ela leads a group which willcollect locusts and grasshoppers in Egypt and study their diseases. Apartfrom project contributions this work is strongly supported by ORSTOM.The group and collaborating ORSTOM scientists are mainly interested inviruses. Viruses of locusts and grasshoppers will be isolated, tested and, if
found promising, developedApart 	 as microbial control agents.from supporting the research work described above, animportant function of the project is to encourage collaboration between theparticipating institutes. Such collaborationmeeting in Wageningen, Holland. There 

was discussed recently atwas a general consensus at thea 
meeting to extend such collaborations also to workers and institutes whichare not officially part of the project,
mutually beneficial. In 	 fact the meetingif these find suchwas attended byan aarrangementnumber ofscientists from outside the project. The CEC project is also linked via IIBC to theIIBC/IITA/DFPV Locust and Grasshopper Biological Control Programmeand the two projects are co-operating fully in the exchange of pathogens.Initially a number of areas of collaborationincrease 	 were identified which willthe overall output of the project. The mostmutual 	 importantassistance 	 one wasin the identification of new diseases.participating institutes are engaged in collecting locusts and grasshoppers, 

A number of 
but each worker has only a limited knowledge in recognizing and identifying potentially useful diseases. So that valuable collected
fully inspected material is carefor all promising groupsparticipants have worked out 

of insect diseases, the project
a system of helping each other in the search
for the identification of new diseases. This includes the establishment ofthree contact points, Saint-Christol-Les-Als for viruses,and BBA Darmstadt for protozoa and bacteria. Oter areas 
IIBC for fungi, 

tion would be of collaborathe exchange of disease agents and locusts for laboratorytesting. Some of the disease agents will be used as standards, in order tomake results from different laboratories comparable.Contact points for the identification of insect pathogens: 
1. 	 Viruses 

Dr M. Bergoin
Institut National de ]a Recherche Agronomique (INRA)Station de Recherches de Pathologie CompardeF-30380 Saint-Christol-les-Al~s
 
France
 
Tel: (33) 6652 2017
 

CEC 

2. 	 Fungi
Dr C. Prior 
International Institute of Biological Control 
Silwood Park
 
Ascot
 
Berkshire
 
SL5 7TA
UK 
Tel: (44) 0344 872999 

te (44i 0344 7299
 
Dr B. Zelazny
Biologische Bundesanstalt fir Land- und Forstwirtschaft
Institute for Biological Pest Control 
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Abstract 

The Permanent Interstate Committee for Drought Control in the Sahel 

(CILSS) was set up by nine Sahelian countries following the drought of1968-73, and agreed in 1974 to improve crop protection services. A jointCILSS/Netherlands mission agreed in 1977 to strengthen training in crop
protection with emphasis on integrated methods. The Ddpartement deFormation en Protection des V,6gdtaux (DFPV) was set up in 1981 in Kolo, 

Niger and moved to its present site in Niamey in 1987. The main course lasts 

two years and leads to a Higher Diploma in Crop Protection. Short language
training courses, specialized crop protection courses, and seminars are also

held. Dissemination of information is also a very important activity. DFPV is 


well equipped with modern training equipment. 

Following the drought years of 1968-73 six Sahelian countries, later 
followed by three others, created in 1973 the 	 Permanent Interstate 
Committee for Drought Control in the Sahel, commonly known by theinitials of its French name, ComitdPermanent Inter-Etats de Lutte contreia S~cheresse dans le Sahel, CILSS. 

This Committee then represented its member states in dealing with 
their principal donor countries on the subject of support for economic and 
social development.

Right from the beginning CILSS has given a very high priority to agri-
cultural development, in order to achieve its goal of food self-sufficiency. 

The member countries of CILSS are:
Burkina Faso 

CILSS/DFPV 

The Republic of the Cape Verde Islands
 
of the Gambia
The 	RepublicRepublic of Guinea-Bissau 

Republic of Mali
TheThe Islamic Republic of Mauritania
 
TheThe RepublicRepublic of Niger

of Senegal
The Republic of Chad. 

Having experienced serious insect invasions after the drought years, 
the CILSS countries agreed in 1974: 

1. to strengthen their crop protection servicts and regional institutes for 
the control of migrating insect pests such as locusts and grasshoppers
2. 	 to develop research and training in crop protection.
 

After consultations with interested 
donor countries and international 
organizations such as FAO and the Club du Sahel, agreements were finally
reached for the financial, material and expert support of the following 
activities: 
1. strengthening of national crop protection services
2. development of a system of integrated control methods against pests
and diseases of important food crops in the Sahel region3. development of information services and training facilities in crop
protection. 

In 1977 a joint mission CILSS/The Netherlands agreed on thc kind oftraining most needed to strengthen national crop protection services in the 

Sahel and concluded that to protect the environment an integrated control 
system should be developed, secondly, that there was an urgent need to 
adapt crop protection training to Sahelian conditions and, thirdly, thatthere protectioncrop was a mostthat could strengthen and improve the efficiencyurgent need for mid-level field and laboratory staff inof 

national crop protection services. 

DFPV: a centre for training and information in crop
protection 

The project for Training in Crop Protection was established in 1981,
following a request by the member states of CILSS. It is funded by the 
Netherlands, following an agreement between that country and the CILSS. 
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Objective
To contribute to food self-sufficiency by improving the protection of crops 
and stored products against pests, diseases, and weeds. 

The status of DFPV 

tn 1981,en agreement was signed between the CILSS and the Netherlandsto implement aated at training project for Crop Protection. This project was situ-the Institute for Practical Rural Development (IPDR) in Kolo,Niger.
The urgent need for crop protection expertise,various project activities, as well as for thehas been well recognized. Therefore, during themeeting of the Council of Ministers of the CILSS in Dakar, on 25 and 26January 1986, the member states formulated Resolution No 7/21/CM/86, 

for Training Crop 
which conferred permanent status to the Project by creating a Departmentin Protection, within the AGRHYMET Centre. In 
January, 1987, :he DFPV moved into its new quarters in Niamey. 
. 

Two statutory bodies define the DFPV's activities:The Scientific and Pedagogical Committee (CSP)
2. The Management Committee (CG). 

The Scientific and Pedagogical Committee is responsible for examiningand approving all suggestions of pedagogical and scientific nature, as wellas all changes in the orientation of training. The committee is composed
mainly of directors of National Crop Protection Services.The Management Committee, composed of CILSS experts as well asexperts from the Netherlands and all other donor countries, approves the
budget and accounts 
of the department as well as the financial conse-quences of the CSP's decisions. 

These two committees meet at least once every year. 

Short-term objectives of the Department Of Crop Protection Training 
Thoethmemproe iatectoisbj ctio ere nfo he N tioThe immediate objective of the project is to reinforce

ce 
the National

al 
Crop 

ro pIn 
Protection Services by training medium level personnel working directly inthe field. 

This is accomplished in part by the dissemination of crop protectioninformation relating to the Sahelian countries but more importantly by thevarious training activities of the DFPV. 

o CILSSD Ivi 

Activities of the DFPV 

niciansA two-year Higher Diploma training curse for Crop Protection Tech(TSPV) 

a A four-month Frenchspeaking language course English andstudents for Portuguesefrom The Gambia, Guinea-Bissau ar.d the CapeVerdian Islands, prior to their two-year training course in Crop Protec
tion mentioned above0 A four-month training course infollowing professional categories: 

Crop Protection, intended for the 

- crop protection teachers at agricultural schools- senior technicians and agronomists0 Specialization of agricultural technicians and agronomists in their last 
year of study

0 The organization of workshops, covering certain specialized topics inCrop Protection
0 The dissemination of information on Crop Protection in the Sahel. 

The training course for crop protection technicians 
Candidates recruited for the training course for Crop Prote-tion Techni
cians (TSPV) must fulfill the following requirements:1. be a national of one of the member statesfrom non-Sahelian of the CILSS (candidatescountries may be accepted under special circum
stances)
2. possess a baccalaureate certificate, a secondary school certificate or anequivalent certificate in crop protection
3. have preferably two years of professional experience
4. be under 40 years old. 

The instruction consists of theoretical courses, as well as practical workin the laboratory and in the field; other appropriate methods are used as
needed. 

the first year basic subjects are covered, whereas more specific cro pprotection topics are treated in the second year. A practical training periodand a research project are also part of the TSPV course.Approximately 25 students are now being trained each year. At tieend of the course, after receiving their diplomas, the students returntheir duties in their home countries. to 

Specialization courses 

The objective of this education programme is to reinforce crop protection 
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expertise within the national structures by addressing the following profes. 
sional categories:
1. crop protection teachers at agricultural schools 
2. senior technicians and agronomistsresearch services. 	 working in plant protection and 

Training workshops 

The Obfic.ve of these workshops is to broaden the basic understanding oftopics of current concern in crop protection; other topics could be covered,as judged necessary by member st ates. 

Crop protection training results 

* 	 To date 111 students successfully completed the 	two-year trainingcourse in crop protection and left for their 	home countries with a
Higher Diploma in Crop Protection" 	 Five students from the 	GambUniversity inZaria, Nigeria were trained at the Ahmadu Bello 

" Tw.elve students so far followed the 	French language training course 
for English and Portuguese-speaking students
" Twenty-five agricultural technicians and higier technicians were giventraining in crop protection 

* 	 Twelve agricultural school teachers were given crop protection training
and educational materials were supplied by the project for use in their 
schools of work
 

* 
 To date 142 trainees from crop protection services in the Sahel regiontook part in training workshops organized by the DFPV. 

Training courses were organized on the following themes: 


1987: 	 Phytosanitary aspects of seeds 
1988: 	 Rodent pest control 
1989: 	 Roentaycontrol 

18:Phytosanitary control 
1990: Surveillance Of locusts and grasshoppers 

1990: Bird pest control

1991: 	 Rodent pest control (April)1991: 	 Ecology and identification Of immature grasshoppers and eggpods 

(June-August). 

CILSS/DFPV 

Information 

The recently created information package isdesigned to complement the
thrcegntl cretrinigou thepurpoe ifoaisnpae i ae 	 co esidton no dse isod p oeto ormno m 	to


A database of crop protection documentation has been created at the 
DFPV, as an integral part of the Sahelian Documentation Network 
(RESADOC) of the Sahel Institute (INSAH) in Bamako. 

Available are AGRIS and CAB ABSTRACTS databases and theDFPV database which will soon contain 4,000 bibliographic references. 
Upon request bibliographic searches may be performed free of charge. 

Publications 
•Descriptive bulletins 

* 	 Technical bulletins
 
Brochica 
 nical notes
 
Workbooks and lecture notes
 

* 	 SlidesTechnical documents relating to the workshops
 
a A newsletter to maintain contact 
between alumni and other persons 

connected with the project. 

Outside experts are invited to contribute to the publications of the
 
department.
 

Publications on acridolog 
The Netherlands Ministry of International Cooperation financially 

supports the publication of a series of booklets in the French language 
prepared by CIRAD/PRIFAS, which are being distributed by the DFPV.
The series calledis Collection Acridologie Op&ationelle and contains
considerable information on acridology for workers in the field.


The following titles are already published:
 

No 1: Les criquets du Sahel (Grasshoppers of the Sahel)
 
No 2: La surveillance dc., criquets du Sahel (The surveillance of Sahelian
grasshoppers)
 
No 3: La lutte chimique contre les criquets du Sahel (Chemical control of 

grasshoppers in the Sahel)No 4: 	gedaleus senegalensis: sauteriau ravageur du Sahel (Oedaleus
 

senegalensis:a grasshopper pest of the Sahel) 
No 5: Vade-mecum des principaux criquets ravageurs du Sahel 
No 6: Le criquet pilerin au Sahel (The desert locust in the Sahel) 

http:Obfic.ve
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No 7: Les oothbques des criquets 
du Sahel (Eggpods 
 of sahelian grasshoppers).
In preparation: 

No 8: Les ennemis naturels des criquets du Sahel (The natural enemies of 

grasshoppers in the Sahel). 

General equipment of Ihe DFPV 

available several t of and other(video, slide and transparency projectors) and photographic, printing andphotocopying apparatus.T he F P Vhastysp a dio isu lThe DFPV library e uip entactiv 
lications in the field of crop 

is well stocked with pub-
acridology, protection: entomology, ecotoxicology,ornithology, phytopathology nematology, virology, phyto-pharmacy, weed science, rodentology) and related fields of plant and soil 

Every section of the department has its own systematic collection of
insects, fungi, nematodes, weeds, rodents and diapositive slide collectionson these important organisms and the damage they cause.Ample laborator-y research facilities for entomology, phytopharmacy,nematology, virology, and ecotoxicology are provided fe at the DFPV, asthey go hand in hand witl. practical training of students. An irrigated areaof about two hectares is available for out-of-season growing for variouscrops and three air-conditioned greenhouses built for growing and testing
crops are now near completion.
Transport facilities for teaching and research purposes cowizist of a fleet
of three landcruisers, 
 one pick-up, one bus for 30 persons and threesmaller cars for the directorate and administration. Two class-rooms for 25students each are available for regular teaching purposes and there is aspacious conference room for staff meetings, seminars and workshops. 

Special equipment in acridology 

The DFPV is well equipped for the rearing of grasshoppers in its insectary which is now exclusively used for this purpose. There is also amosquito-netted greenhouse which provides facilities for biopesticide tests on grasshoppers.

Rearing of grasshoppers 


large 

has so far been very successful. Locustamigratoria migratorioides (Reiche & Fairmaire), Schistocerca gregaria(Forskdl) and Oedaleus senegaensis (Krauss) are now routinely rearedwithout interruption as we were able to solve problems of reproduction anddiapause in the latter species. Rearing of Kraussaria, Ornithacrisandbtieroglyphuswill be started in the very near future. 

CILSSDFPV 

Three pathogenic fungal strains are now being grown at the DFPV,
Aspergillus flavus LinkMetarhizium flavoviride (W. Gains & J.ex Rozsypel), Sorosporellasp. andFries. Testing with the pathogenic fungi nowavailable in pure culture will continue on several other species of grass
hoppers, notably 0. senegalensisand Locusta migratoria(Linnaeus). 

Acridoogy staff 

Two acridologists have been assigned at the DFPV and they co-operate inassisted byities sz-, h laboratory assistantfouras grassh opper rearingstaffand andsurveillanthey cehavework. Theyavailable aretwo 
Fundingof these activities is by the Dutch Ministry of International Cooperation 

drivers for travelling within the Sahel region to visit locust areas. 
(DGIS) through the DFPV, which 
project 

is the home base of the grasshopperknown as the SPC, the French acronym for Surveillance des 

Pathog~nes des Criquets. 
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AbstractLocust monitoring is carried out by the National Centre for Acridid Control
at Ait-Melloul. When action is required the Ministries of Agriculture,
Agrarian Reform, Interior and of Information and also the National Defence 
are also mobilised. Over 2 million ha were treated in 1987-88. The principal
strategy is one of destroying adult locusts outside crop zones before they can

oviposit.
osit.y i oance 

Introduction 

Only two species of locustsMoroccan onlygracause serious damageshop to crops. Thesein arelocust, Dociostaurus maroccanus (Thunberg)ers know
and Moro thecotypes,

locust, Schistocerca gregaria (Forskil). the desert
D. maroccanus is a native andurivoltine species. The control of its gregarious foci has meant that thepopulation has remained at a controllable level. On the othei hand, S. 

gregariais a visiting species which enters Morocco at the end of Septemberto mid-October.The resurgence of the locust pest problem
able climatic conditions in the permanent habitat zones of S. gregariaand 

ablecliati coditonsin OfS- regriaandIn 
was encouraged by favour-

te Prmaenthabtatzone 

by the paucity of preventative control exercised in the gregarious foci. Thus
several uncontrollable swarms formed and engendered an invasion from
 sev l 
 nt r e s s fswarms 

87tese 

In the south and south-east oDuring 


3 o Of locusts coming from Algeria and other 

CNLA 39 
Sahelian countries. During this time, 4,802,805 ha werecides. treated with pesti-

Organization of acridid control on a national scale 

Strategy 

National Centre for Acridid Control (CNLA) at Ait-Melloul doesextensive exploration annually in the south of the country, where swarms of 
S. gregariamight infiltrate. If there is much activity in the summer repro
duction zones of S. gregariathen preparations for preventative control are 
begun in strategic zones. Usually, this will compise between three and five 
aeroplanes and seven to ten 4-wheel drive vehicles with grcund spraying 
equipment and large stocks of insecticide for use over a period of two to 
three months. 

In Morocco,Agriculture and inAgrarian*additionReform, the Interior and Information,to the people themselves, the Ministriesandof 
National Defence are mobilized in the fight against locusts. Co-ordinationis undertaken by a Central Command Post (CCP) at Rabat and 12Regional Command Posts (RCP) in the affected regions.TeCL o nycnrbtst oto u nue ehia sitThe CNLA not only contributes to control but ensures technical assistto every RCP and is concerned with training personnel for locust 

control. it also ensures that every RCP obtains the pesticides and equip
ment which it needs.

More than 3,600 people from different ministries took part in controloperations; 28% were technicians or qualified research scientists. Sprayersused were atomizers, hydraulic pressuresprayers mounted sprayers, and exhaust nozzleon vehicles. 57 aeroplanes were used of 13 different 
depending on the topography200-12,000 I. In addition, there is and a ofa wellof theestablishedarea radiowith networkcapacitywith108 radio posts, 66 mobile and 42 fi::ed.

The pesticides used were selected on the basis of toxicological data(rapid action against the locust, but less toxic to man, fauna and flora), thetypes of sprayers which were available and storage conditions. 5,981,146 I 
were spraye at ilowswere sprayed at low dosages:e 0.8- a baiandr 2-a /ha the8ground1/ha by air and 2-5 i/onon the ground 

1,611,937 against adults. lIn 1988-89, acridid populations
1987-88, 2,813,182 ha were treated, 1,201,245 against larvae and 

(Table 1). were e::clusively 

of immature locusts. 1,989,622 ha weretwo seasons was 4,802,805 ha. treated, thus, the total in 

the two years 0.85 billion francs were spent on fighting 
ha. 
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Table I- Volumes of insecticides and carrier used in Morocco during locus,
campaigns 1987/88 and 1988/89.
 

Dose Amounts used (litres) 

Product 
(g a.i./ha) 1 987-88 1988-89 (litres)Dichlorvos (DDVP 9 6 %)Fenitrothion ( 1000 ULV) 

200 88,702 401,251 489,953Fenitrothion 500 ULV 
350 412,790 4,400 417190KitendaMalathion 96% ULV 350

Carba0yl 4% oil 
700 120,600arry4%il480 48,400 169000179042,784781,526 - 42,784661,327Diazinon 90% ULV 1,442,853480 84 ,Deltamethrin 12.5% ULV 900 8200 52,700
 

Deltamethrin 25% 
 ECLambdacylhalothrin 4% ULV 12.5 0 56,7002.0 56 700
 
Organic diluent for ULV 

2325 22'325
formulations (HAN)"Total 20 8,900 5,8251,900,000 14.7251,417,416 3,317,416
3,363,502 2,617,644 5,981,146 

The acridid proLlem is not just a national one, but regional throughout 

thsTe 
theatioahe al.In 
the ahe Iandeve inernaionl. 

anthedSahlven intrnaio ev n iconterext co fer nce was hela his a ingrasshoppersFes in 1988 with the idea of creating an international acridid control force. 
al n tiscontext a conference was held in

The aims of this body are to reinforce exploration and control of the deserlocust and to ensure p better evaluation of the acridid situation. There arethree units in Mauritania, Mali and Tchad and two others in Sudan and on 

eas respreThe invasions Of locusts "/'h
between

su ces ofconrolentd e ormo s d mag . T e efi-and1987-89 were the largestThe success this century.
cief tecy of control re baseiter entomes s r ss p vonted fol oing damage. The effI-v nt d no ou1. headotinane~coceo inth olcriidcnrlg htofdsry:I- the adoption of a Conceptnev . the use roq in acridid control, that of destroyingoafeaexprein2. cepsonthe use of qualified and experienced personnel 

3. the improvemcrnt of spraying techniques4.s.eiz csdueofswargeanduksthe selection of more appropriate methods of control according 
and aeropeanes.

5. the increased use to theof large trucks and aeroplanes. 
Morocco has become 
one of the Pilot countries in
acridid the organization ofcontrol, thanks to the enriching experience undergone during thelast few years. 

DLCOEA; pest control: the begging
 

Desert Locust ControlOrganiZationfor Eastern Africa. 

gasshosigt in wih s imes f eri onro discussd
possible ways in which schemes for the biological control of locusts andmight fit in with exising m odes of ope ration arc discussed.
 

organizations in recent years with a run-down in resources.
 
Particular attention is paid to the problems experienced by locust control 

Biological control of locusts and grasshoppers

familiar is a subject I am
with. However, not at alllooking at the approach being made from aneducated and experienced view point, I am of the opinion that a great stepindeed is being made.It is a great step considered in relation to past and presentmeans of locust control in my area of specialization whichmeasuresis aerialcontrol. 

The biological control programme when being developed is likely tohave some teething problems and perhaps when fully evolved would haveits limitations just like any other. It is however, a very welcome element inan integrated
rdc oitns 

pest control approach in general. We must endeavour to 

Aerial control of locusts and grasshoppers (area of 
p a on) 

Lacusts have existed for as long as man can remember. Various ways andmeans have been employed in every effort to try and contain the scourge 
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sin en ngwent by. All these measureshef egistnry s me er cr de an 
since the beginning of history; some very crude and others refinedastmhave succeeded to some ot er rf ine as timeextent in containing
the threat. The degree of successependise o by the means employed has, however,
depended to a large extent on the size of infestation andteep recaprgnelexteploe sie ostatoirs the easnd aperience andnexpertise of personnel employed. This state of affairs is as true today as it 

was in yesteryears and it will remain tomorrow whatever the methods. 

Constraints 

There are various bottlenecks which have and still continue to afflict effec-tive locust and grasshopper control:1. finance 

2. trained manpower
3. effective monitoring
4. research.The finiancing of control organiztions remains a very big problem and in 

The ifincig o cotro bi prble an
many cases oraniatins rmais avera burden to participating states. This situation is not helped ininThe any way when conservatio of resources is undertaken by incompetentpersonnel. 

The future can only be improved if the burden is carried by the inter-national community and management handed to competent heads withsufficient expertise. The donor community must reconsider assistance 

strategy.
Trained manpower in the area of locust control is almost extinc!. Thereasons are manifold, poor remuneration, difficult working conditions,poor recruitment decision making, and again lack of funds and facilities.
Unnecessary 
 amounts of pollutants are stillatmosphere being dispersed in thebecause of untrairer! manpower incapable of equipment calibration and adjustment.


Without ways and means to effectively monitor areas of outbreak and
breeding, it is impossible to cope with the demand of the job regardless of
the method employed. The task of monitoring has unfortunately become
increasingly difficult, given that many key geographical areas are also zonesof conflict. We must therefore seek alternative ways of gaining access tobreeding territory using available technology to reduce outbreaks. The
question remains how to adapt and utilize 3uch technology.
Research in locust and grasshopper control has for abeen dormant. The advent of bi 
long time now'ogical control research is therefore very


welcome.
 
Where thcre is research being conducted, it is incomplete, in that itends in the laboratory without being extended to real field trials. 

DLCOEA 

Research does not havemany instances researcherscontinuity and therefo re leav es unfilled gaps. 
In leave their jobs taking the records of their wrwork witwith tthem.
The list of 

e
deficiencies 
 in locust research is long but one of vitalimportance is the failure to establish the economics involved as in the final 

analysis everything depends upon money. 

This means that the next person on the job has to start afresh or on 
very scanty information. Since locust outbreaks occur after lapses of time,
some many years apart, the would-be researcher may never have fulfilmentof knowledge gained in the laboratory under actual field conditions. We know
the history of control measures, we have the present in hand, but what doesthe future hold in store when we consider the experience gaineddatei The future survival to

of locust and grassl:opper control lies in aco-ordiuated international effort through a recognized body with aspecialized group of experts.
The biological control approachreletesyaproan is welcome andrelentlessly as part of an integrated effort. must be pursuedintgaed effrt.n ifls eitn 

programmeprogrammes; namely, allowing a run-down of trained manpower, gaps and 
must zvoid the present pitfalls in existing

deficiency in res,.arch, employing incompetent or disinterested staff andover-extending resources; hgh-tech application must be seriouslyenhanced to help in reducing the pressure on limited resources;how far history has brought us today. We we knowmust thereforecertala future based build a moreon knowledge so far gained and the desire to reducee rt f ut a d on kno pe s to ur fod supilyc 

the threat of locusts and grasshoppers to our food supply. 



GTZ; the integrated biological control 

of locusts and grasshoppers
 
- a GTZ research project 


S-Krall & O.M.Nasseh
GTZ-Projekt. asdoert 

Abstract 

Te aim of the integrated biological control dal 
moe acptae ioproject of the GTZ is to dadvantagealternative non-chemical methods of controlling locusts andgrasshoppers. The existing control measures still rely heavily on chemical 

pestitides which are the only method available atthprsttiefrcsseftsothspcalmhdofoutcntlinAiahdnt
Of severe infestation, metthe Present time for cases 

courinfes t most effectivt banned inmost
Thn Pesticide, dieldrin, is
countries. The . lbstitutes are less effective, more expensive and requiremultiple applicatiosalternativesithoneabs 

nalate oet use of Pathogens and insect growth regulators.h 


final goal of the project is to localize and attack the problem at the earliest 

possible stage of development of locust upsurge. This will comprise 


idntfyngth recession areas of the desert locust 


It isi therefore essential to search for more acceptable, 

pobemin th"
identifying the problem i i.reeioaraoftedstlcutapplications, 

(Schistocerca gregaria (Forsk:l)) and then treating the insects. In this way the 

impact on the environment isminimized, the required treatment area is
limited, the costs of control are reduced and the potential for crop and 

grassland damage isnegligible. An additional biological, non-chemical
alternative method would support this strategyproject has nine principal objective.: 
 The programme of the 

* mapping the locust habitat by satellitesteliteleadershipmappng he lcus habtatby

0 research into gregarization pheromone, to prevent swarm formation

* 
 locust control with insect growth regulators, especially synthetic juvenile 


iJOnnOneiolmol analogscntlof 

S estlmanagementol withf
the helpof pyrrolizidinetmpalkaloidsmicr rganisms


seed components from Melia volkensii and their use for locust control 

* field trials with non-chemical alternatives 
* research on environmental aspects of the new compounds 
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loss assessment and economic studies relating to the effects of locust 
and grasshopper attack/damage. 

Introduction
 

From 1985-88, after an interval of almost twenty years, outbreaks of thelocust (Schistocerca gregaria(Forskil)) occurred in Africa andthe Near East. Climatically favourable conditions in conjunction with the 

neglect of the warning senices and the inaccessibility of some areas due to 
armed conflict contributed to this mass reproduction. The countries 
affected were largely unprepared and poorly equipped to cope with the 
plague. Moreover both donors and recipient countries discovered that since 
the last plague, hardly any research had been carried out into developing 
better and more environmentally acceptable control methods. An addition

handicap was represented by the banning of the insecticide dieldrin. The 
of this insectic: ', which had been used in all previous plagues,was that, due to its persistence it needed tc be applied in the breedinggrounds only in widely spaced bands, at large intervals. On crossing these 

bands the larvae became contaminated and died. When dieldrin was 
banned the effects of this special method of locust control inAfrica had not
been analysed sufficiently. Accordingly no alternative agent or methods 
hdbe to dieldrin and inhad been developed replace the case of the recent
outbreaks, this resulted in mainly short-life insecticides being applied. This 
in turn resulteA in much larger areas having to be treated, and in multinle 
menton thi tisfacyineatie e2n
merit. On the basis of thiz- unsatisfacto.ry si: atiop. a discussion was 

th ao a : afdcsion was 
with all the accompanying negative effects on the en,,.Dn-in

stigated on the promotion of research into new, biological and integrated
control methods. Programmes along these lines were elaborated at inter
national level. The Deutsche Geselschaft fr Technische Zusammenarbeit 
(GTZ)submitted a proposal to the Federal Ministry for Economic

Cooperation (BMZ) who made almost 6 million DM available for research 

into integrated biological control of locusts and grasshoppers. Under theof the GTZ and German research institutions in co-operation 
with international institutes and organizations as well as technical co-operation projects, research programmes were begun. The first phase of the 
project will be a three year term willwhich deal chiefly with practiceoriented research approaches. These approaches are outlined briefly in the
following pages. Itisint,-nded that the results will be publisheds a ppro
priate intervals. Field trials inthe Sudan,on the CapVe publIslands and in 
the Republic of Niger have already produced interim results. 

http:unsatisfacto.ry
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Aprpto acelo e e rcontrol h i t l e n t v e h d f l c s 

arly and remote sensing 

Control measures for locust pestsz,ceptable can be made environmentally moreby identifying potential epidemics at their beginninginitiating control measures in good time. This is currently effected primarily 
and 

by surveys and informationnomads. This system from the local population, in particular fromis efficient but it cannot always be implemented 

globally and will now be supported bysatellite photography. By evaluating satellite photos (Landsat),be drawn maps wiilup on a model basis for the Red Sea coast of Sudan, identifying 

the most modern methods of 

areas which are potentially suitable for mas reproduction of locusts. Such 
satellite maps, in combination with normal maps, could be of great assist-ance to prospectors and pilots in the performance of their tasks in future,The present state of technology does ot permit a direct identification of 

locusts by satellite, ev hen they appear in swarms The programmeOutlined her ie implemented under leadership of Professor Vossat the Instituie for Geography of the Technical University Berlin. 

Prevention of swarm formation by pheromones 

SCistocer1ca gregariaoccu in a 

fo r ngthegsoliaryiacrs In 
 solitary and in a swarming (gregarious)form In the solitary Phase the locusts live in isolation, inconspicuously andas a useful element of a labile ecosystem in areas known as recession areas.Sustained favourable conditions of life lead to explosive 

This is accompanied by a gradual change from the solitary to theforming (gregarious) mass swarm-phase. Adult reproducticn.S. gregaria occurring
gations aralea to 

in vast aggre-fly very long distances. Theyagricultural can thus reach areas ofuse and cause devastating damage. It appears that the aggrega-
tion may be induced by pheromones which 
 influence the behaviour, the 

appearance, and many of the physiological properties of the locusts. So far

none of these potential phase pheromones
anything known has been idetified nor isabout where they are formed, or their chemical nature.Under the leadership of Professor Ferenz, attemptsDepartment will be made in theof Biology at the University of Oldenburg to identify, isolate
and analyse the chemistry 
 of the gregarization pheromone(s). Once thepheromone is synthesized it will be possible to examine the formation andthe mode of action of the substance in the locusts. From the resultingknowledge of such a gregarization pheromone and the biological founda-tions of gregarization, Possibilities for targeted intervention in the gregar-

GTZ 

ization process will be developed. Howeve r, it is not yet po sible to def inthe exact details of this intervention scheme. 

Locust control with juvenile hormone analogs 

Juvenile hormones are formed in the insect. They are inter alia, antagonistsof the metamorphosis hormone, ecdysone. They prevent metamorphosis tothe adult insect; in the case of S. gregaria,for instance, therefive or are between 
hormonesix larval stages. It is only at the final moulting that the juveniletitre drops so low that an imaginal moulting to the complete
insect stage takes place. A synthetic increase in the juvenile hormone titreby additional administration brings about disturbances in the moultingold larval skin. Furthermore, juvenile hormones play impotant role in 
procass. The insects die since they are unab!e to free themselves from then 

the phase change of S. gregaria,affecting the mating behaviour of the male,the egg maturation in(energy reservoirs for thethe long migration flights). Juvenile hormones havefemale and possibly the accumulation of lipids 

been biochemically analysed so that in the meantime it has been possible tosynthesize more than 2,000 analogs. Under the leadership of ProfessorDorn of the Institute of Zoology theat University of Mainz, juvenile 
hormone analogs from as many different chemical groups as possible willinvestigate the activebe screened for effective interference with the above processes. Testsmechanisms will also be conducted. This 

to 
concerns

both the role of the endogenous juvenile hormone in disturbing physiological processes, and the effects achieved by the analogs. Alongside t!iejuvenile hormones, the so-called anti-juvenile hormones which have not yetbeen the subject of much research will be examined. 

Locust control with entomopathogenic microorganisms 

rLocusts are attacked by viruses, bacteria, fungi and protozoa. It is the taskof the Institute for Biological Pest Control at the Federal Biological Institute for Agriculture and Forestry in Darmstadt (Biologische Bundesanstalt 
ffr Land- und Forstwirtschaft)microbial to conduct surveys of the ,ccurrence ofantagonists of various types of locust and grasshopper, of theirisolation, characterization and behaviour in response to environmenlalfactors, and to test their effectiveness under laboratory(Zelazny, these proceedings). To this end, specimens of dead or suspecteddiseased locusts and soil samples from various regions of Africa arecollected and screened. Both new and previously recognized pathogens aretested in the laboratory for their effectiveness and their environmentalbehaviour. The aim is to elaborate formulations which can then be used inthe field. 
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Pest m anagement on the basis (if pharn hacophagous reactions tpi
PYrrolizjdjne alkaloidspyrrolizidine alkaloids aTesting
Pyrrolizidine alkaloids are secondary plant substances which occur inmany
plant species and 
serve Primarily as Protection against beingProfessor Boppr6 of the Institute of Forestry Zoology eaten.Freibs oheading tre.. at the University ofrreteaot
ns between a specific locust 

contains pyrrlegat (Linnaeus))PYrrolizidjin and one Of itshost plants whicalkalGds (Chronzolaena odorala).The alkaloids aretaken up by the locusts and exercise the same function as in the plants 
this reason 
protection against being eaten. They do not serve nutritional purposes. For 

such behaviour is termed pharmacophagy.strong attraction The plants exert aence on Z. variegatus is subject for research.butterflies 
a It is known that certainuse pyrrolizidine 

on the insects. Whether the alkaloids have additional influalkaloids as precursors in the synthesis of
sexual pheromones. The goal of the research is to use the alkaloids for the 

them selectivelyproduction of bait-like substances, and thus lure the locusts so as to tackle

Republic in small areas.Africa).Fieldof Benin (West The trialsextentare being conductedto which in thethis insect-plantrelation exists in S. gregariaalso is io be investigated in preliminary labora-

Plant components as locust control agents 
As in Azadirachta indica (neem), compounds suitable for insect control 
also occur in Melia volkensiL Under the leadership of Professor Rembold,the Max-Planck Institute in Martinsried will investigate this component,Seeds of the plant are to be collected and treated in co-opertion with aninternational institute in Kenya. The active agentsanalysed. Laboratory tests will be conducted with crude extracts in order to 

will be isolated and 
test the development-inhibiting impact on locusts. By clarifying the struc-
ture of the active agents itmay be Possible to provide initiatives for thesynthesis of new control agents. 

Test of new products under practical conditions

There are already 
new kinds of product 
on the marketstage, which might represent promising alternatives to the synthetic insecti-or at the checking

moulting inhibitors. They act in 
a mannerhormonecides employed so far- These include in particular the developmentanalogs already described. 

similar to that of the juvenileof
have been formulated Pathogenic micro-organisms whichas control preparations also exist. These andother preparations thederived from the Previouslyapproaches must described rese,.rchbe tested under field conditions. Only in ".,s way will it 

N 

GTZ 

to sp
be possible to assess their potential fDr subsequent large-scale application.of these agents will be conducted under the leadership of the GTZin various Africpn countries. The microsporidian Nosema locustae Canning(as bait formulation) has so far been tested onagainst Qedaleus senegalensis (Krauss) 

the Cape Verde Islands 
(Thunberg). In and Diabolocatantops axillaris1991 series of trials were conducted in Niger. In field cagetrials, beside the pathogenic effects of Beauveriabassiana(Balsamo) Vuillemin and Nosema locustae the impact of neem and teflubenzuron were
 tested on S.gregaria.
 

Parallel ecotoxicological tests 
Since the new kinds of products notarebenign, even necessarily environmentallythough they possess a lower degree of toxicity for warmblooded animals than conventional insecticides, a continuous ecotoxo

logical back-up programme will be implemented.Professor Mfiller from theInstitute for Biogeography of the University of the Saarland heads a team 
which isbacking up all practical trials with tesu for possible side-effects ofthe agents employed. This has already been implemented for the Sudan,the Cape Verde Islands and Niger. In addition, preliminary tests with new 
active agents will be conducted inthe laboratory.
 

Studies on economic aspects and loss assessment
Our present knowledge concerning the potential and actual damage causedby locusts to food crops and pasture plants is extremely meagre. Under thedirect leadership of the GTZ losses on millet wil be investigated and economic calculation models will be up.set Model field tests are beingconducted in Niger in co-operation with the GTZ plant protection project.Papers on losses due to grasshopper and locust damage and on loss assess

ment on millet in Niger are available. 

Prospects 

The initial term of the project isthree years. For this reason approaches
 

have been selected which may reasonably be expected to produce resultswithin this period. These approaches in,-ude testing the late., generation of
preparations, research on pathogenic micro-organisms, or productionbait based on pyrrolizidine alkaloids. Other components, such 

of 
into pheromones, must as researchbe considered asShould this first i"a.,e 

more long-term programmes.of the project he successful and further research 
appear necessary and promising, an extension could follow. 
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(iX) of the OAU Council of Ministers held at Kinshasa in September; commniqu- from the 1967. This adopted resolution states, and I quote:Inte-AficanScintiic S crearia ofthe'TheInter-African Scientific Secretariat of the 	 Council of Ministers of the Organisation of African Unity,assembled in its ninth ordinary session at Kinshasa from the 4th to 10th-AU, with comments on *he 	 - HavingSeptember 1967.examined the proposal to establish a continent-wide phytoapplication of the Inter-African Plant 	 sanitary convention for Africa, to protect plant health;

Protection Convention 	
 noting that the scientific council for Africa, which held its second session 
at Addis-Abeba, Ethiopia from 8 to 12 April 1967, recommended that thisconvention should be accepted; 

N. Nkouka - noting, moreover, that the OAU charter advocates the coordination,
harmonisation and intensification of the activities in such areas as these; we 
are convinced that if properly applied,OrganizationofAfrican Unity. this convention would allow us 
better to control the pests and plant diseases which rage in Africa and inthis way to increase production and economic yields. 

Abstract 
It is decided:The Organization of African Unity approved a Phytosanitary Convention for a.Africa in 1967 and resolved to make member states apply it. The 	

To approve the Phytosanitary Convention for Africa:implementation of quarantine precautions varies among states, and breaches 	
b. To make the member states of the OAU apply it.' 

of quarantine which have occurred in other parts of the world serve as 	
These provisions give quite precise directives to member states onexamples for the need for vigilance in maintaining quarantine standards at 	

taking proper quarantine precautions control and inspection measures andthe national level. However, the convention allows member states to import 	
ingner any niue je n ec tonsmall quantities of prohibited material for research purposes provided they 	

organismsling opasrts eringobserve precautions recommended by the OAU. 	 ofplnees a nd mnureorganisms living off plants, parts of plants, seeds, land, 
O r cking

materials, including intainers 	 manure or packingand all articles which the OAU declares 
dangerous to agriculture throughout Africa.

No provision in the Articles of the Convention prevents any member 
Your Excellency the Minister, Representatives of International Organiza-	

o:lte from importing small quantities of plant or other prohibited material,whilst observing precautions recommendedtions, Honourable Delegates, Ladies and Gentlemen. 
by the OAU, in order to doIn the name of His Excellency, basicDr Salim Ahmed Salim, Secretary 	 or applied research. It is understood however, that such imports ofprohibitedGeneral of the OAU, I should like to thank IITA for associating itself with 	 material will only be made if absolutely necessary. The specificour organization in participating in this workshop on the biological control 

member states will inform the OAU of all such imports which are normallyprohibited and the OAU in turn will inform other member States.of locusts and grasshoppers. In fact, the felicitous convergence of IITAprojects dealing with plant protection in Africa and of the OAU's Inter-

african Phytosanitary Council, demonstrates, 

Constraints to the application of the Inter-African Plant Protection
if indeed it were necessary,
the concerns of our countries. Convention
The fact that we are here today to work in Cotonou in the Republic of
Benin, proves again how officials of State and the people of Benin have 	

Despite the adoption by Ministers of the OAU of the Inter-African Phytoremained true 	 sanitary Convention,to the great African qualities of hospitality, availability, 	 it must be stated that its application by the membersta aneatn doest e satisfatdialogue. We thank them gratefully for this. 	 can b thetstates and partners does not seem satisfactory. We cannot doubt theWe have taken this opportunity of reminding you in this message from 
 political will of the authorities since the legal framework exists.
OAU, which I have the honour to bring to this workshop, and as abase-line from which to work, of the guide-lines given in Resolution 
During this workshop on biological control of locusts and grasshoppers119 there are at least two issues which we should address, since there may well 
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be imports of live organisms to the continent for this kind of work. These 

L. the A.'stence of national legal documentation concerning plant protec 

tioncollaboration "" 2- the implementation of these lawscouries. on plant protection legislation in ourIt should be noted that the situation varies considerably from country 
to country. In fact, Ivory Coast, Senegal and Cameroun already have quite 
solid legal barriers concerning plant protection. 


It 
 should be remembered 

which that all member states 
of the OAU have
regulations 

could be asked, is why the adoptionratified the Inter-African Phytosanitary Convention. Another question
runs into difficulties. Here, I ask for action from the Directors 

of national plan! protection 
of National Plant Protection Services who are, in point of fact,advisers in this domain to their governments, technicalScientific and popular knowledge seem, in the final analysis, to be two 
of the determining factors in decision making and in the perfection of the
responses necessary facedwhen with the problems of plant protection

These issues are in everyone'shappened, in interest- We scientists know whatEurope, for example, concerninggrape vines. African countries can and 
the pests of potato and 

warnings, must take these catastrophes as 
Prevention dependscan be translated on what responses are Possible. 'These responses 

into documentation, attitudes, particularly when people
travel, and in migrations. People should be aware that taking a plant or an 
insect in a handbzg across borders, can create danger for a whole country.Economic crises and agricultural production particularly require rapid
 
solutions and in these conditions practising
time to time, have to convince research scientists will, fromintroducing such and such 

our decision makers on the necessity forthus, in the name 
an organism in order to fight a specific pest;
for whom you 

of the Inter-African Phytosanitary Council of the OAU,
are the prime movers chosen for and privileged by your 
active participation in the creation of coordinated Phytosanitary regulation 
in each country, take every care in order to avoid wrong decisions being
made as the result of contradictory interpretations.
Today, we are engaged in biologicalhoppers in controlthe same of locusts andway as yesterday we grassfought against RastrocoecusPseudococcidae). It seems that here we have two examples which may help 

invadens Williams and PhenacoccusmanihotiMatile-Ferrero (Homoptera; 
us better to ascertain possible constraints for future projects.In passing, I should like to mention that a consultative scientific report 
initiated by the Phytosanitary Council on Zonocerus variegatus(Linnaeus) 
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is available at our offices in Yaound , Cameroun and we would like to 
Waketret i
hilsl ngu of thW am ework 
o resec heri n
with IITA and other institutions.
W ilstreminding you of the legal framework for intr..ducing liveits support to federal biological control programmes which are carried outPerhaps you already know that the OAU wishes in the near future, to 

redefine itself as an Economic Commission for Africa anddimension will be seriously considered the agro-foodin all its aspects, including that ofresearch.
 
Your contribution to the work inprogress will be faithfully relayed to


the Secretariat General of the OAU.I wish you every success for this workshop and thank you for your kind
attention.
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des,c--tocerca gregaria 

InternationalCentreof InectPhysiologyS.K. Raina n Ecology. 

Abstract 
Interventionforprevenrbnumerdirupinlo~grgais ti onhofor~cuspltinbmanbe tnplat eaes contemplated eithereither bylar °s ucodisrupting gregarisatin o manipulating solitarious Populations 

ne bypi 
to kecpand the low. the former could be achieved by manipulating Pheromonesand viral pathogens may have Potential for use in arid conditioscaso theeriad thciatr by the augmentation of indigenous natural enemies. protozoan 

showtein oats rendertm resistanto aribecausethe 

protein co satect and
specificityal teresvat to extremes Of tCmperature They also 
Program transmission.locusIae and entomopoxvi~ru ehstipregregarious Populations, with emphasis ll oqtepooonMmeto select and evaluate these agents for introduction into meaInintiat1985; 

with iaitially o theprotooanMainitiated 

ICIPE has initiated 

The desert locust, Schiistocercageai Frklhsavs nainae 
of arocu 9 iomicaten d gregaria(Forskl),lon 


outbreaks of locuts of 
in which farming communities
h outbe ofs Africa anhich ae affed Thein Afica . easfet an 

~~~~lo 
fromd 57 countries 

polmtsn cuslain lason plich with-cemical control. The current method Of controltmainly based on application of toxic chemicals which are detrimental to 
hich have Plagued the mid- 198 0 s, reflecta 

the flora and fauna of the treatedof new Pests because 
areas and can result in the developmentOf the disruption of the naturalMoreover, the present enemy Complex.locusts control strategies become operative only whenreach outbreak status. In ICIPE's view, prevention of locust 

Outbreaks would be ato control populations more attractive management strategy than attempts 
that have already reached swarmtually, at least two levels Of intervention, levels. Concep-which may Pre-empt or preventthe foruation of swarmsteformation O sw psoftu4l atlattolvl r sare Possible:fitreto hc a r-populationemp o pevet 

ICIPE 

1.the first involves the disruption of the process of gregarization2. Successful research and developmentthe second involves the manipulation of the population equilibrium ofleading to viable interventions atthe solitary locust, to levels less likely to develop into swarms.the conai custreeaceanddeeminzeth reinto reiane nlre-osaethese levels through the induction of chronic diseases, could virtually
contain the locust menace and minimize the present reliance on large-scale 
use of environmentally detrimental insecticides.Some researchengaged in developing biocides for direct hit on desert locust swarms. Thisgroups working on biocontrol of locusts have been 

is basically different from our approach at ICIPE, which focuses on 
colonization of selected pathogens, augmentation of indigenous inoculum 
to induce an epizootic, and conservation of inoculum following enzootics 
or epizootics within pre-gregarious locust populations. 

Due to the severe conditions prevailingand breeding zones, candidate pathogens 
in the desert locust recession 

which require high humidity,such as fungi, and those which cannot perpetuate in the desert environment(bacteriasustainableand nematodes)s c i ueilocust managementp r are consideredpitl or uae ,cunsuitableud tl componentspackage. However, some xr m sointeperuresiandrhumityeauoferrote 
rt protozoansh ofanda 

ncovoeringscan perpetuate th roupsothrough transovarial tbeciauosen n o betransmission and are known to be 
specific to their targett hi hosts (Henry, 1971; Summers et aL, 1975; 
Menapace et aL, 1978; Kurstak et aL, 1978; Canning et al., 1985; Henry,

I i envisaged potentialview of thew o h n i a e of microbial control,Raina et aL, 1987, 1990). o e t a f mc o i l c ICIPE hasn r l C P a a biocontrol research programme, based on the above concept, 
which is to be executed in two phases:
breeding areas 
1. to evaluate, isolate and characterize virulent protozoan and entomopoxviruses likely to be associated with desert locusts in their recession and 
effective micro-organisms in selected pregregarious populations2. (a) to develop methods for colonization and augmentation of the 

Investigations in phase I have started using initially the known(b) to devise production and formulation technology for field release. 
protozoan candidate (Malanoeba locustae (King & Taylor)). Othercharacterization,protozoans and pathogenicityviruses are alsoevaluation through bioassay echniques,being considered.virulence improvement The bi.hemicalby selection procedures and extensive biosafety 

tests, would make it possibletozoans and viruses as biocontrol agents for sustainable managementreegrious population to establish the potential ,of the desert locust. of these pro-A thorough study of' the 
oz asa dynamics of pregregarious desertutial teet o locust stuyin arecessiona e eto hareas 
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would help develop the proper methodology for dispersal of these micro
organisms in the field afterproper formulations.
of a comprehensive This is expected to be partstrategy, integrating biocontrol
semiochemicals (pheromones and kairomones). 

agents with selected 
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prospects of biological control of the 
red locust, Nomadacrisseptemfasciata 
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InternationalRed Locust ControlOrganisationfor CentralandSouthAf rica. 

Abstract 
g of environmental safety in recent years has brought
to the forefront the dangers posed by chemical pollution from insect pest
control. Although advances have been made in the search for alternativestrategies to chemical pest control, the :;uccesses of such methods have been
limited to a few insect pests.
 

Locusts pose formidable problems and their control has so far beenpossible only through intensive chemical spraying. Hitherto, other methods 
Locusts pseNformidbleipversitshave not had any significant impact on prevention of locust cutbreaks. On
the other hand, the success of chemical control appears to have masked the
development of alternative control me'hods.
 

andBheiruconrolthas.s1far 

The red locust, Nomadacrissepte.7tfasciata(Servillc), is no exception to
the locust story, but this locust has peculiarities in its ecosystem that allow
alternative control strategies. This papet 
 reviews areas in which suchstrategies could be developed and proposes that the red locust can be a
model in the development of biological control for locusts in general.
 

Introduction 

The red locust, Nomadacrisseptemfasciata(Serville), has been responsiblefor four major plagues in Africa south of the Sahara in the past 150 years butlittle is known of the first two. Records show that there were plagues aboutthe periods 1847 to 1854, 1892 to 1910, 1913 to 1919, and 1930 to 1944.However, most of the information on red locust plague dynamics andprogression is available only for the 1930 to 1944 plague when extensive 



58 	 J.W Bahana & E. K. Byaruzangastudies were carried out to try and find a solution to the locust menace.Evidence from the studies revealedoriginated from definite source that N. septemfasciata plagues 	
- f" ; I VICTORIAareas where simultaneous and widespreadbreeding 	 fwas initiated. Consequently, there 	 , BURUNDwere swarmfurther breeding both inside and outside 

escapes and
 
the source areas.
Later, breeding was limited to the source areas, and at very low levels. 

which varied with 	 After a periodeach plague, there was collapse of locust populations.Control methods employed during the first three plaguesmentary and ineffective. Although chemical pesticides, particularly arsenic	 

A WfIBEREwere rudi
compounds, were applied in anuse was not widespread but was restricted to the source areas. It can hardly 

attempt to control locust upsurges, their

be claimed, therefore, that pesticides were effective in ending the red locust
 ATA 

plague. Moreover, the more effective acridicides that were introduced, suchas dieldrin, came onsipated. the scene only muchSo, what triggers population later, after the plague had disupsurgeswhat is responsible 	 that initiate plagues,for the population collapse? 	 and
factors play in What role did ecological
bringing about the collapse of N. septemfasicata popula
tions, four times 
 in the last 150 years? Was there a significant role by
biocontrol agents in these wild fluctuations? %
 

The ecology of N.sepemfasciaa and its outbreak areas 
During the last plague of 1930-44, swarms of the redvirtually all the areas south of the equator, and even 

locust covered 

as far north as Sudan 
 "-----and Somalia (Steadman, 1990). Studies, in part triggered by the effects ef 

.... 

the recurring plagues, were initiated in the 19 3 0s to try and find the origin 
 ,." "'" 	

. -sof plagues, with a view to stopping them at source. The search for outbreak ' 
" .	 ., 

areas was based on the theory of the
Uvarov, 	 great acridian scientistwho postulated Sir Boris	 ).jthat plagues were 	 *initiatedecosystems 	 from a few speciallater to be referred to as 'outbreak areas'.Field investigations and subsequent analysis of reports of locust occur-	

' -- I 
rence led to the conclusion that swarmsplague 	 which had apparently started the
northernhad initially 	 K rF k MOZAMBIQZambia. formed 	 u E '.- \It appearedin the 	 i 

grassthat anotherplains areasource wasof Mweru-wa-Ntipathe Rukwa
Valley in 	 inTanzania, but there is no concrete(Symmons, 	 evidence1978). Areas which to support this	 /X\ 

were iater found either to have produced
migrating swarms, or to be capable of producing one if not controlled, were
designated recognized outbreak areas 
outbreak areas (Fig. I) have at one 	

(Symmons, 1978). Since 1944, theseacul*Saedrvaeths 
time or another produced swarm ingpopulations (Table 1).	 iu r te nta ( apable o pUolwreaarn s From leS01' h e ae r e th6 seThe outbreakecological areasfeatures whichof N. septemfasciatahave been havedescribed a number of commonby Gunn (1955, 1956, 
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eas of h eth e e co niz dedo tbo c ruakt bae we e 19 5 a d 1 87.6Table 1. Frequency of recorded and probable swarm formation and escape from 

the recognized outbreak areas of the red locust between 1945 and 1987. 

Number of years 
Swarm 

Swarm Swarms formationArea escaped within outbreakarea only possible withoutcontrol Total 

Wembere 8 4 5 17Rukwa 5 7 416alaari 334
ku/Katavi 10Buzi/Gorongosa 25 52 307 10Kafue FlatsMweru-wa-Ntipa 0 62 02 

Chilwa 0 l 0 t 

1960), Symmons (1978)extensive and open 1960, SymonsSymmonsBriefly, theyand Materugrasslands (1984).with impeded or closed are areas ofdrainage, conse-quently, they are subject to prolonged flooding during the rainy season,whereas during the latter part of the dry season, conditions can be 
extremely hot and dry. Generally, they are well defined areas, and it is here 
that red locust numbers fluctuate widely from scattered populations to 

Vesey-Fitzger
2I. (1964) and Materu (1984)

swarm density, even during recession.niches of different stages of 
reviewed the ecologicalN. septemfasciata in outbreak areas andreiterated an earlier view (Clark, 1947) that the ecological niche essentiallyconsists of food-shelter and oviposition habitats. Materu (1984)on then wentto suggest that it is these two habitat factors which influence the size of 

the population and, consequently, swarm formation. However, no definite 
studies have been conduced to determineNonetheless, it is the extent of this influence.numbers of N. septemfasciata,

not clear if these
andare the only factors that influence thethe role of natural enemies in the 

Population fluctuations is not known. 

Life cycle 

In ceniral and southern Africa N. septemfasciatalives in a region with onedry season per year. The wet seasonuntil May; oviposition coincides with the beginning of the wet 
begins around November and lastsseason andthe eggs hatch about 30-40 days later. The emerging hoppers pvss through 

-7 in stars, and become IRLCOCSA adult a round February or March. The adults liv61 e 
the dry season in immature state until the beginnig of the rains 

when maturation is initiated. Mating and oviposition then follow. 

Population dynamics 

There have been few investigations on the population dynamics of N.septemfasciata, particularly in the field. Robertson (1954, 1958) investigated reproduction of the red locust in an
(1959) and Norris (1959) 

outbreak area and Albrecht
independently studied the dynamics of laboratory populations, but their investigations have not been corroborated byfield studies.Symmons (1959) and Symmons & Carnegie (1959) studied the effect 

of climate and weather on N.septemfasciatapopulations, as well as factors 
that affect breeding. In his studies on influence of climate and weather,

(1959) demonstrated that fluctuationsgeneration to the nextlast but one are inversely correlated in numbers from onerainy season. In these studies, nowith the rainfall total in themention was made of theinfluence of biotic factors on population numbers.More comprehensive work in the field, however,Stortenbeker was the study by(1967) who investigated population dynamics of N. 

septemfasciatain an outbreak area. In addition to corroborating Symmons
(1959) work, Stortenbeker (1967)parent numbers and the fledging also showed thatprocess in reductions of thethe filial populations werecorrelated with rainfall. Stortenbeker (1967)
conclusions went on to make a number ofon various factors affecting population fluctuations. Significantly, again none of these were biotic factors.Although it was not the main part of his study, Stortenbeker (1967)made a number of observations on biotic agents that were causing mortality 

to N. septemfasciata. fie observed, for example, that Odonata (dragonfliesand damsel flies) population numbers appeared to be correlated with theprevious year's rainfall and suggested that species of Odonata were 

probably the most important agents causing fluctuations in the breeding 
success of the red locust. 

Prospects of biological control - a reviewagents of natural rontrol 

Several investigations and reviews of population dynamics of N. septemfasciata (e.g. Dean, 1964; Stortenbeker, 1967; Materu, 1984) have 



62 J. IV.Bahana & E.K. Bvaruhangareported a number of natural enemies in its outbreak areas. Thus, Materu(1984) listed the multimammate(Acarina) ratas egg (Mastomys natalensis) andpredators. The hymenopteran mites 
was Scelio howardiCrawfordalso found parasitizing the eggs.(as Predators of hoppers he listed(al Dipera:Norris, wereAlcimtus sp., Ommatius variabilisEngel and PhilodicusnigrescensRicardo(as P-nigripes)(allDiptera:Asilidae), A nisopteraspp.(Odonata) and larvae 
of Tabanidae (Diptera). Other workers (e.g. Chapman, 1962; Stertenbeker, 
1967) have also observed a number of natural enemies of adult locusts.These included parasitic nematodes, a tachnid, Metacentyia calleti(Seguy), 
as Ceracianoadacris),birds, and the fungus Beauveriasp.There are thus, a large number of biocontrol agents causing mortality
of different stages of N. septernfasciataeven with such a in it,long list of natural enemies, an impact assessment of theirinfluence on populations has never been done. Moreover, insecticides have 

outbreak areas. Unfortunately, 
regularly been sprayed 
 to suppress locust upsurges in outbreak 
areas andyet the effect of these pesticides on the populations of the biocontrol agentsregu arlysym
in these areas
logical control 

is also not 
to 
known. There is, therefore, a challenge for bio-scientists exploit the special ecosystem of N. septem-

fasciatain their quest to providc I solution to the locust menace. 
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overseas aid programme. Its principal aim is to alleviate poverty andNI; statement of - "posiion hardship in developing countries by increasing the productivity of theirrenewable natural resources. 

J.I. Magor NRI's main fields of expertisc are: 
1. resource assessment and farming systems
NaturalResourcesInstitute, UK. 2. integrated pest management
 

3. food science and crop utilization. 

It carries out research and surveys; develops pilot-scale plant, machinery 
and processes; identifies, prepares, m: iages and executes projects; 
provides advice and training; and publishes scientific and development 
material. 

This paper first outlines the structure of British Aid and its interface 
with NRI, then summarizes the organization of work within NRI, and 
finally, describes facilities for visitors and NRI's current work on locusts 
and grasshoppers.

Abstract
 
The Natural Resources Institute (NRI) has a long history of 
 British aid programmemulti-disciplinary research on problems in tropical agricultural development

and is an integral part of the British Government's overseas aid programme.
NRI gcnerates income from commissions with the Overseas Development
Administration (ODA) as well as from other donor agencies. It has three 

The ODA is responsible for Britain's aid programme to developing
countries whichoperational divisions, of which one, Pest Management, contains the 

in 1990/91 amounted to over £1,600 million. It hasdevelopment projects and programmes inWindborne Pest Programme, in which locust and grasshopper research falls, more than 120 countries. ODAworks through its five Development Divisions and with British Embassies
Current research includes pesticide bioassays, grasshopper taxonomy,outbreak forecasting and egg diapause in Oedaleussenegalensis(Krauss). a d H g o m si n v re stand High Commissions overseas a a et ead p o r m eto manage the aid programme.The extensive library facilities are particularly strong on locust and ODA staff have professional advisers dealing with economic and socialgrasshopper literature. development, agriculure and renewable resources, engineering, health and 

population, education and the environment. 
Resources are allocated between bilateral aid provided on a country by 

country basis and multilateral aid, which is Britain's contributionIntroduction to 
International Organizations and Institutions. 

The Natural Resources Institute (NRI) was established as an Executive Research & development in NRIAgency in April 1990. It is the scientific arm of Britain's Overseaswealth Office.Development Administration (ODA) within the Foreign and Common- NRI as an Agency has to cover its full costs with income. This is generated
through commissionsNRI has a tradition of multi-disciplinary problem solving, research and 

with ODA's Natural Resources and Environment 
Department, Geographical Desks and Developmentdevelopment which goes back through the Tropical Products Institute, the 

Divisions as well as 
Land Resources Development Centre, through other donor agencies.the Centre for Overseas Pest 
Research, and others including the Anti-Locust Research Centre 

The pattern for Natural Resources Division expenditure is based on ato the Research Strategy for Renewable Natural Resources. Nine priority areas 
Imperial Institute founded in the late nineteenth century.The institute forms an integral part of the British were identified and are managed at UK Institutes for ODA. The strategyGovernment's Areas are Resource Assessment and Farming Systems, Agricultural 



66 J I. MagorEngineering, Integrated Pest Management, Food Science and Crop Utiliza-
ton,Animal Health, Forestry and Agroforestry, and Fisheiessden-The three operational divisions at NRI Resource AssessmentFarming Systems, Pest Management and Food Science and Crop Utiliza-

andtion each manages a strategy area within whichprogrammes containing problem areas. The emphasis within these strategy 

work is grouped into 

areasstaff cover a is for multi-.disciplinary studies andcemry,c h em istry, ec on o mi s en o oo yenomics entomology, the institute's 400 Professioniale rn ,p 

wide range of disciplines, engineering, food technology,notably anthropology,geographys io tavailable biochemistry,

ology, physics.Each problem area nutrition, meteorcovers the whole spectrum of researchgenerating new knowledge, converting it into 
from 

new technologies and finally 
adapting and transferring them for use in developing countries. 

Locust and grasshopper research 


Work on locusts and grasshoppers
Integrated comes under the umbrellaPest Management (IPM) Strategy Area in the Windborne PestProgramme-
of the 

developing The Strategy Area containsIPM systems five Programmesfor controlling aimed atpests 
perennial and industrial crops in intensive and subsistence agriculture.Migrant insects and disease and diseasesvectors are of annual,important epidemic pests and
the ability to quantify and 
 forecast their dispersal is a critical factor in

limiting crop damage and in developing appropriate control strategiesearly warning systems. 

and behaviour of the pest andControl and forecasting theirare based interactionon a with weather, climate,
knowledge of the physiologyanalogues predict pest incidence and severity in space and time. 

topography and agriculture. These facts together with a study of historical 

The programme uses awide group of specialists at NRI and in otherg mieaeation hsplnineatosphrmnsadctollocustUK and
epidemiology, migration, host-plant interactions, pheromones and control(1 
(1925-41)overseas institutes 
to investigate the papulation dynamics, 

and desert locust ( NSchisocerca gregaria (Forskl))(1926-73). .TTemperature rLlativchuniiditvad rainfall maps 
2 -3area are m eauavailable , ltifrom h id 

of rice Pests and vectors, the African armyworm, locusts, grasshoppers andloutaearavibefom12-7ndhreresopcwahr 1925-37 yan riflland ap ofof the desertthere he es tofsrie pets. atchartsResults are used in other NRI programmes, international institutes, theIRRI IPM networkrice and in regional locust organizations and aredisseminated in publications and at conferences and workshops. Overseasscientists train with us and come to NRI as visiting experts. 

NRI
 

Current cust and grasshopper research 
Work on locusts and grasshoppersr expanded in responsefied during recent outbreaks to needs identiwhich matchedTaxonomic NRIrevisions of East areas of expertise.
preparation of 

African grasshoppers are precedingan Identification Handbook. Insecticides bioassays 
the 

are in 
progress and staff have takentni 
 n h e
r s a ra f nta reen t d srteopstdn 
 a ut8lppiag5 ianalysed so that the causes of its onset, spread and rapid decline are made 

to forccasters. Finally, 

part in pesticide and application equipmente imng 

the Senegalese an examination has started of diapause ingrasshopper
larger project looking at millet production and protection in Mali.

Qedaleus

This senegalenisisprogramme does not address the (Krauss)hiocontrol aspcctspart ofa
as of this 

workshop but facilities at NRI will be of interest, and an understanding of 
the art of forecasting grasshopper and locust outbreaks is necessary tothose who wish to implement biological control. 

NRI facilities
 
Locust archives 

NRI links with locust survey and control go hacklocust unit selected fify years to the anticauses of intermittent plagues.The main body of reports has been micro
to hold and analyse reports collected to determine thefilmed. It stas in 1929responsibility and endsi m d t sat n 1 2 in 1973for maintaining n n si when FAQ9 3 w e assumedthe forecasting ~ su e thehand central collection ofreports. Rerences to locusts from literature before 1929 are also inthe
archives. 

studies tiare lodged in the archives; Locusta migratoria mnigratorioides(Serville)) 

are synoptic weather 

and rainfall maps of this area 
also available for Anacridiwn tnlanorhodon(Linnaeus), for 1961-73. Less detailed mapsthe brown (Walker).locust arePaangasuccincta(Locustana pardalina (Walker)),Schistocercacancellata(Servillc) and 

in Argentina. 
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NRI librarv and information services 

Resources 

NRI library specialises in the literaturerecognized as of tropical agriculture anda major world resource is onf ludi a t etcine nthistA ti- L Iti s g e~ i field. incorporatesc us Re ea r c Cethetretlibrary Of its antecedents including the Anti-Locust Research(ALRC), Centre Centrefor OverseasDevelopment Pest Research (COPR) and the TropicalResearch Institute (TDRI).The library stock includes journals, books, pamphlets, reprints, theses,annual reports and technical reports in sei..!s. Over 2,000 current journaltitles are received, many through exchange arrangements. 
TRAIS (Tropical Agriculture Informationto the Service) ilibrary's in-house computerized bibliographic the name givengraphic records for literature published from 1980 onwards are held on the 

database. Biblio-

computer database. About 11,500 new records are added each year. Forearlier literature manual catalogues and indexes have been retained.The library has on-linedatabases, and access to commerciallyholds CD-ROM copies of certain available externaldatabases includingAgricola (USDA), AGRIS (FAO) and CAB Abstracts (CABI).Locust and grasshopper literature was collected comprehensively untilabort 1980. For this period there are two keys to the literature: a cardindex arranged by subject and by species which is available for consultationin the NRI library, and Acridological Abstracts, the published abstracts of
literature on locusts and grasshoppersPublications Distribution Officer. which are available from NRI 

Fulco Ditherito ficer8.h out n rshpe cleto s For the period since 1980 the locust and grasshopper collection is lesscomplete. However, it does contain most of the specialist publications and
report literature on locusts and grasshoppers of economic importance, but 
only selected journal articles.

onlyseletedjoural rtices.sensor 

Visitors - NRI library is open by appointment to visiting ,eaders, for 

reference purposes s),graphical
(excudinonly, from pubic h lida09.00 h to 16.30 h Monday to Friday 

(excluding public holidays).
Enquiries - library and information servicesanswer bibliographic enquiries from external UK and overseas enquiries by

letter, telephone 


staff are available to 
enquiry as preciselyor in person. Enquirers should define the subject of their 

as possible. Literature searches
enquirers using 

can be made forthe in-house computerized database and manual indexes.In addition the external databases which NRI library holds on CD-ROMcan also be searched, but the library does not normally undertake on-linesearches on external databases on behalf of external enquirers. 

NRImb f 

Photocopying - the library can only supply limited numbers of photo

their owncopies of articles. Enquirers should first try the library resources withincountry and only ask NRI library to supply what is not availablelocally. Copies are charged at 10 pence per page (plus VAT) butocopyingorganofizacopyrighttions in material are freed evel opingiscundertakenountr ie s strictly within the UK copy
eligible for Br itish a id. Photo

right regulations (only one article from a journal or up to 10% of a book). 

Remote sensing and GIS 

Satellite observations of cloud duration and temperature when suitably 

calibrated against point surface rainfall measurementsestimates of rainfall. The TAMSAT system of Primary Data User Systems 
with micro computers developed in the UK by 

can give rapid 
Bradford University 

Research L.td, TAMSAT Research, and the Department of Meteorology atReading University offer a cheap and robust system for monitoring rainfallusing data from METEOSAT.This systeni is in operational use by the meteorologicalMorocco (Casabihnca); services ofAlgeria (Algiers, Tamanrasset);Sudan (Khartoum); Tunisia (Tunis);Jordan (Amman); Ethiopia (Addis Abeba); Somalia(Mogadiscio); Botswana (Gaberone) andOrganization for Eastern Africa (DLCO-EA) 
by the Desert Locust Control 

in Nairobi. Cost to buy andinstall, with training is about E20,000.Another exciting development by this group with Silsoe and NRI isisal ihtann saot£000a system to receive NOAAallows vegetation changes 
AVHRR data which in the absence of cloudsto be monitored and from which NormalizedDifference Vegetation Indices NDVIs, the greennesss maps used by locust

units, are calculated. NOAA is a polar orbitting satellite, and the AVHRR 
has 

coverage 
a swathe width of 1500 km which enables it to complete global

eery 12 h.The dish on the receiver has to be steered to the point in the sky at theactomatically steered dish is under test. Software for improved geoti th correctione is scheduled for June. Cost with training is estimated 

sC 50 0t 00 0 as £25,000 to 30,000.
Publications ind training 
Results are published and distributed to scientists and plant protectionservices overseas and training is given. 
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Abstract 

The present structure of OCLALAV is outlined, and a description ofbiological control as it might be applied to migratory pests isdescribed. Workto date on biological control of locusts and grasshoppers is reviewed. 

Introduction 

OCLALAV, with its headquarters in Dakar, Senegal, is a regional organ-ization for acridid control, begun in 1965 at N'Djamena (Chad)amalgamating bythe Communal Organisation for Control of Acridids(Organisation Commune de Lutte Anti-Acridienne isation for Control of Bird 
OCLA) and the Organ-

Pests (Organisation CommuneAnti-Aviaire de Lutte- OCLAV). The organization's mandate is to undertakecontrol measures againzt locusts and grain-eating birds. Member countriesare: Republic of Benin, Burkina Faso, Cameroun, C6te d'Ivoire, Gambia,Mali, Mauritania, Niger, Senegal and Chad. In 1986, the administrators ofOCLALAV decided to restructure the organization, considerably reducingthe number of employees. 

At the end of the Second World War, chemical control was considered asthe ultimate weapon for mankind to defend itself against all ills, particu-
70shormoes 

OCLALA V 

larly crop pests. After a decade of splaying, and following the appearanceof resistant species and the first signs of a negative impact on man and thepeople began to consider other pest control techniques.Rather than banning the use of pesticide- "itright, it proved necessary toforbid the use of first generation (organochlorine) products and to opt formoderate use of second generation pesticides (organophosphates). Inalmost all countries DDT, HCH and dieldrin were prohibited.There are many definitions of biological control, the most relevan ofwhich states that biological control 'consists in putting together all appropriate means and methods which can be used by man to make changes in a 
biological equilibrium in a way which benefits man in a given environment'. 

There are many difficulties in applying biological control methods tomigratory pests as the pests may be more mobile than their control agent.We will quickly review the few biological control tria.'s carried out in Africafor the control of migratory pests. 
Biological control of locusts and grasshoppers 

Bacteria 

Bacillus thuringiensisBerliner was one of the first bacteria used against 

insects, but no strains virulent against Orthoptera have yet been found.
-ie early laboratory work using different bacterial species has been

carried out (Stephens, 1959; Stevenson, 1959). 

OtherinfectionsOther infective organisms have been tried with variable results. In 1989, amicrosporidian called Nosema locustae Canning was uscd in Mali. Thisprotozoan was discovered on Locusta migratoriamigratorioides(Reiche &Fairmaire) and has already been used in acridid control in North America.Trials have bee-, carried out in the Cape Verde Islands (Lobo-Lima et al.,these proceedings) and in Mali but the results have been disappointing to 
te 

Chemicalattractants 
Experiments have been done taking into account the weli-developed 

olfactory sense in insects, in order to concentrate and destroy pest species.Until now, very few viable results have been obtained in Africa. 
Use ofhormo.nes orpheromones
Hormones, especially those which control growth and moulting in insects,rpe rom on 



72 

73 

A.B. Ndiaye 

have been used in experiments to disturb moulting patterns or growth of 
young larvae.maintain individuals in the larval atate. PheromonesIt has Proved possible to cause were used because oftheir attractant atypial moulting or topowers on mature adults in particular. Hormones and 
pheromones are specific to arthropods, therefore risks to human health and
to the environment are very small. 

Unappetizingsubstances in plants
Uni an ppleat.;tisBi n g u b s a n c e 


Trials using sprays made from fruits and leaves
indica, have 3f neem, Azadirachtagiven encouraging
grasshopper and 

results for certain sedentary species ofthis led to the isolation of azadirachtin, the activeingredient of fruits and leaves of neem. The use of this plant a:, a reforesta
tion tree shows that its use on a large scale could be envisaged. Since neemis so abundant, it is readily available to all farmers at little or no cost. 11 has 

repellent effect on grasshoppers; other studies on neem seem to show an
effect as a growth regulator (see Langewald, these proceedings). 


Cul tural nt rolw 

Cultural control 
Agricultural control measures (digging up egg-pods and desiccation ofembryos) could L,_achieved, especially with thosc species of grasshoppersuch as Zonocerus variegatus(Linnaeus),which lay their eggs in groups. Thedevelopment of such proceduresintegrated should occurpest management in the framework of anprogramme.However, for the time being, the use of chemical pesticides is the only 


efficient means of grasshopper control. 


Other control possibilitj,'s 

There are a great number of insectivorous vertebrates, such as rodents 
many species of birds and reptiles. The impact of these vertebrates asauxiliaries in the reduction of insect populations is important naturally, but
they cannot be manipulated at will. 


Control measures for small vertebrates (grain eating birds)
Bacteria 

The impact of bacteria on birds and rodents has been investigated, but no 
proposals for their use as control agents have been made because of thehealth risk. 

OCLALA V 

The contributiczofp,'edators 

Destruction of nests and small dormitories by flights of migrating raptors
such as kites, sparrow-hawk. "nd eagles has been observed. 

Advantages of biological control and the future for its use in Africa 

io logica l con trol ha s the follow ing ad va n tages : 

2. 
1. it may be relatively cheap
it does not cause resistance as in use of pesticides

3. it can be used where chemical control is unacceptable. 

Use of biological control in Africa
 

Difficulties 
 in using biological control methods shouldcourageiu , the not lead to dison contrary, it is sufhcient to weigh the advantages 
n th c n ra y i i ufco i g he ad a t a e 

against the disadvantages to be immediately aware of the benefit of these 
methods.financial Africa is in resources, but not have theresources rich human it doesto undertake the research toperfecting of appropriate techncogy and to organizing 

which 
training 

will lead 
sessions.

the 

Constraints for biological control in Africa 

For the efficient use of these procedures a minimum level of scientificknowledge is necessary. It is also necessary to:
1. know the environment in which one is working 
2. study the biology and behaviour of the pest in depth3. understand the biology and behaviour of host populations4. carry out much research and training at all levels. 

Conclusion 

In 1986, 1987 and 1988 unprecedented quantities of pesticides were
sprayed in the fight against acridids. Biological control could help to reduce 
the amounts of pesticide applied and thus conserve the sahelian eco~system. 

We know that when we have mastered the use of biological control thisformidable tool will open up the prospect of a great victory over enemies of 
crops in Africa. 
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Ab'mract 
PRIFAS has not so far been involvcd in work on biological control of locusts 
and grasshoppers. However, PRIFAS scientists have extensive experience in 
detailed ecological work on acridids which would be of great value in 
implementing any biological control programme. 

Apart from observations on natural enemies carried out during studies of
acridid pupulpion dynamics, PRIFAS has not yet undertaken specific
research into biological control. Nevertheless, it may be able to contribute 
some ideas towards consolidating research aims using a global bioeco
logical approach, through simultaneous studies on all aspects of the ecology
of individual acridids, of acridid communities and of their natural enemies. 

The reduction in numbers of acridids by biological agents occurs in
natural conditions through the action of predators, scavengers, parasites
and/or pathogens (fungi, viruses, bacteria). The list is very long and
particularly concerns major acridid pests where there is potential for apopulation explosion. To these can be added indirect methods, such as the 
use of pheromones which encourage individuals to group together, thus 
making interventions easier, or insect growth regulators, which aim 
specifically at larvae by inhibiting feeding. 

Before control of an organism is undertaken, in-depth knowledge of itsecologica! behaviour should be available. It is crucial to be able to decode
the multi-factorial system which creates situations favourable to poptlation
explosions. Knowing when to intervene is the main problem. The ansver is 
not always clear, since so little is known about the bioccology of the pest 
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and its natural enemies. According tc what criteria should the threshold ofvulnerability of a given taxon be defined? Shouldevidence 	 we wait for economicor act at periods of maximum vulnerability, whcn the organism isalready in difficulties due to cco-meteorological problems, for example?Whether to intervene or not, must depend on the ecological characteristics 

of each species.Specific situations occur when the organism is at the limit of its naturaldistribution. The prognosis for the speciesfavourable, depending 	 could be favourable or un-on its ecological flexibilitysurvival 	 and its capacity forunder adverse conditions. Once removed from its centre of eco-logical stability, the organism may become more vulnerable.case with 	 This is thethe migratory locust Locusta migratoria (Linnaeus)gregarious phase, when it overflows from the humid tropical zone. 
in its 

natively, Alter-the species may developlocusts have 	 a new survival strategy as migratorydone, by becoming sedentary in artificial oases (in Sarir in 
Voltinism also influences the chances of success of a controlUnivoltine measure. 

Libya), in an area far to the north of its normal area of distribution. 
taxa such as Zonocerus variegazus (Linnaeus)

angulifera(Krauss) 	
or Kraussaria 

arethan for plurvoltine targets for which control has longer lasting effectsspecies such as Schistocerca gregaria(Forskdl)Oedaleussenegalensis(Krauss), especially if populations of adults are very 
or 

mooile and capable of dispersing over very long distances.There are as many intervention stra!egies as there are speckis and onecannot be limited to only two strategies, for example oneone for grasshoppers. for locusts and 

The synecological frameworkcolonize 	 defines communities of speciesthe same 	 whichstability habitats.
actions ofornatural a Time andinstability inenem ies isparticular ecologicalspace variants Thean 	 zone. are specificityimportant point to establish, since controlho 
efforts should be targeted towards 

ofthe indices or 

economically important species which
are already in population

and studies carried out 

imbalance. Many observations have been made
on the biology and ecology of certain naturalenemies. It is to be hoped 
 that taxonomic inventories complemented by
already existing bio-ecological 
 data, continueBiocoenotic studies 	 to be updatedaccessible. define the host ecological niche, and madeby describing
vegetation groupings which are true ecological indicators of the environ-
ment, and integrating them with static and dynamic components of local or
regional ecometeorological events. These will show the likelihood of prolifer-ation, the degree of aggressi',.%ness or simply the possibilities of survival of an 
external pathogen in its new habitat.PRFSiredtoiesinhskndfapocaleorn
 

etra he 
 nnisnwhbttThe biogeography of acridids is an important indicator to ascertain theimportance and the type of ecological zones where control measures couldtake place. The type of habitat indicates the likely success of a biological 

PRIFAS 

control measure. Thus, the harshness of the climate of desert regions,where most of the gregarious foci of migratory locusts in Africa are situated(apart from those around the Red Sea), is in itself a major difficulty for thesurvival and proliferation of a pathogen.On islands such as the Cape Verde Islands there is a closed systemwhich is favourable for biological control,non-target organisms is assured. as long as safety of the agent forAn imbalance introduced into a biocoenosis can last for a long time, due to slow exchanges with the continentand other islands, and will lead eventua!ly to a new equilibriumorganism. Exploration carried out in different islands revealed a significantpopulation of acridids parasitized by Diptera larvae at the end of the rainy 

of the 

season which leads to speculation about thelimiting factor could have 	
impact which this naturalon the population.

Nosema locustae on 
At the same time, trials withOedaleus senegalensis have not been conclusive,probably because of the great mobility of the adults, which prevented goodcontamination of the population.
An oasis 
 effect created on a continentgenerate such by deforestation does notan impervious environment as an island, and exchanges aremore difficult to control.This global approach, ecological, synecological, biocoenotic, biogeographic, of the host and its aggressor, allows us to define the outlines oftheir respective ecological niches. Tbehaviour 	 hewill provide the spatial and temporal framework for theoptimum moments of vulnerability of the acridid at the same time as thoseof the optimum harmfulness of its natural enemy. Many questions could bepartially answered: 

1. what are thet ? D t ey s encountere strategiesw aci d nii a i ofn, the natural enemies withn er p i n or a k theirt m d s, rhosts? Do they show active identification, interception or attack modes, or are they passive modes using proliferation of the inoculum to increase the
chae2. f oewhat are the modes of action and eco-meteorological conditions3. 	 how long will the pathogen remain 
active or alive, what is the likelihood
 

4.of proliferation and survival?what are the alternative hosts or the forms of survivalabsent?	 if the host is 
5. what guarantee is there that they have a specific action and thatare innocuous to the environment? they
 

PRIFAS 
 is ready to invest in this kind of approach, alone or in 
collaboration, as long as there are visible sources of funding. It is probable
that the species of acrididscontrol, apart most likely to become the object of biologicalfrom Zonocerus variegatus,which is already being studied,are Kraussariaangulifera, Cataloipuscymbiferus (Krauss), Hieroglyphus 
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daganensis Krauss, Kraussellaamabile (Krauss), species which are having
an increasing economic impact on the Sahel.Field trials could be complemented by studies in the laboratory in COUNTRY REPORTSAfrica or at Montpellier and in the latter case, in the framework of theproposed Inter-Organism Centre (CIO). This is a specialist research 
structure which would regroup INRA, 

Congo; the acridid situation in theCIRAD, ORSTOM, CNRS,
ENSAM, USTL, in the context of the international biological control Congocomplex of AGROPOLIS, CILBA which includes Australian partners
(CSIRO) and Americans (USDA), and which represents the emergence of an accumulation of knowledge and skills in operational biological control. G. Bani 

Direction Gineralede la RechercheScientifique, Brazzaville. 

Introduction 

The Congo, with a surface area of 342,000 km 2 of forest and savanna, has a humid tropical climate with an average temperature of 26°C, 85%
relative humidity and rainfall of 2,000 mm. The wet season is from 
October to May and the dry season from June to September. There are
approximately 2,000,000 inhabitants in the Congo, whose basic staple iscassava, not only the tubers, but the leaves also, form an important part of 
the diet. 

There are many crop pests and diseases in the Congo. Crop pestsidentified include acridid species such as the variegated grasshopper,
Zonocerus variegatus(Linnaeus) which is, at the moment, the only species
to have attained the status of economic pest. 

Distribution and habitat 

Z. variegatuscan be found in all regions of the Congo, on the edges of
paths, close to villages, vegetable growing areas and cassava agro
ecosystems. It is not found in uncultivated forests and savanna. 

Damage 

The Inportance of the damage caused by Z. variegatusvaries according toecological zones and crops; in the forest zone of Mayombe, it is the single 
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most important pest Of cassava (,amplant est o istwo oraasavoifirst m onthe afte rrlntathe c utt ing tnho three times Congodesntoed. ecena. but onlyescstuo cuttinl Co gamersmayepa amag octurs 8 1t to o O r thethreraties aa buteorly futhr Thuec ttgs all the biotic factors for population regulation so that we can reinforce the 
next year's attacks are complex 

actionaction still further. Thus, specific attention should be given to the parasitoid
also important, since defoliation of Z. variegatus. Weby grasshoppers are in favour of all endeavoursaffects farmers who themselves forebioi in thisconsume nerfor a high price, the leaves and can ol agend iatie sfialso sell themIn vegetable growing for biological control agents of Z. variegatus.zones, Z. variegatusis a permanentgreen leafy vegetable production, since it diminishes the commercial value 

menace to 
of the product by the damage it causes. 

Biological cycle 

Research carried out showsunivoltine 
variable.depending on and

the location 

that the biological cycle of Z. variegalusisdHatchingOvipositionti¢-.la g cannocrfooccuroccurs Mayefrom to August,or a from December to Januarycertain areas but this is not a 

little later. Some hatching has been observed in January/February 
inbivoltine cycle, since there are two univoltine

populations present reproducing at different times of the year. This case is
being studied.
 

Control 

Z. variegatus around cash 

Until recently, chemical methods have been used to control populations ofcrop plantations,(Theobroma cacao) coffee (Coffea spp.), cocoacitrus ( Citrusspp.). In cassava plantationsharvested what the undesirable visitor left for him. However, we have been 

man simplya .le to institute a strategy which allows us to reduce or avoid early attacks
 
on cassava. This consists of staggering the times when cuttings are 

depending on hatching times. This practice has already been adopted by a
few forward-thinking farmers. It is only applicable
the first months of planting. to cassava and only in
 

taken, 

Suggestions 

Control of Z. variegatus in the Congo is a real need and, recognizing the 
limits of chemical control, we think that everything possible should be done 
to institute a system of control which doesand is economically not damage the environmentviable. In order to do this, it is necessary to understand 
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Mali; notes on the acridid problem i 

B. Maiga 
Service de a Protectiondes Vigetaux, Mali. 

Introduction 

rodents, beetles (leaf ctn of pests: locusts and grasshoppers, birds,miners and leaf beetles) which cause considerable 
damage to crops and crop yields every year. Since they appear so regularly,locusts and grasshoppers are by far the most important of these pests. Infact, since the droughts began in 1970, there have been problems with grass-hoppers every year, and this necessitates the deployment of great finan-

cial, material and human resources; Mali finds itself obliged to requestfinancial aid in order to finance its plant protection campaigns. 

Strategy and control methods used against acridids 

In Mali, the Plant Protection Service (PPS) uses the following strategies 

and methods: 

1.Louss Preventative cnrlconsisting of intensive observationgregarious foci, with the aim of stopping locusts becoming gregarious andof 
so preventing swarms from spreading and reaching crop zones.2. Grasshoppers. Since acridids are a semi-permanent scourge throughout 
the Sudano-sahelian belt, the accent is more and more on preventativecontrol. First, mobilizing farmers to dig up egg-pods in their fields and the 
immediate surroundings during the dry season and secondly treating larvae
at the beginning of the rainy season. 


In keeping with its resources, the PPS opted for grass-roots protectionof crops, with the farmer as a key element in protecting his own crops and 

Mali 

the officers of the PPS taking charge of remote areas, pasture and unin
habited areas. Farmers are organized into plant protection brigades, trained 
and equipped to protect village crops. Digging up egg-pods and early 
control of hrvae gives a significant reduction in the use of pesticides.Further control measures are only used if necessary.


The main species of economic importance are:
1. HieroglyphusdaganensisKrauss 

3. Oedaleussenegalensis(Krauss)(Krauss)2. Kraussariaangulifera 

4. CalaoipufuscocoeruleipesSjrastedt 
5. Cataloipuscynbiferus (Krauss) 
6. Kraussellaamabile(Krauss) 
7. A iolopussimulatrix (Walker) 
8. Diabolocatantopsaxillaris(Thunberg)
9. Cryptocatantopshaemorrhoidalis(Krauss) 

10. Ornithacristurbidacavroisi(Finot) 
11. PyrgomorphacognataKrauss 
These species can co-exist at high densities and can cause serious damage. 

Areaation 
Observation 

All the Sahelian and Saharo-sahelian region is under direct observation by 
teams of plant protection explorers, these comprise at least 15 exploration 
teams deployed throughout the region. 

Areas treated with chemicals against different pests 

During the last five years an average of 516,000 ha 
treated in Mali (Table 1). Although acridids per year has beenare the main targets of treatments, the chemicals affect all pests in treated areas. 

Cost of plant protection campaigns over the past five years 

The PPS has received funds from the Department of Agriculture, theNational Budget, foreign governments and international organizations. 

82 
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Table 1. Area treated ..,i chemicals lali1987-91. 
alternative methods, digging up egg-pods, end of season cultivation, properfield andCampaign border sanitation, trials of biological products,Area treated Area infested harvest and trialthe use of chemcialrearing of egg-pod parasites, etc. This research is aimed at the reduction of

pesticides and595,337 ha is carried out1987-88 1,000,000 ha in collaboration withpartners such as330,597 ha 800.000 ha 
FAO, USAID, Ciba-Geigy, etc.1988-89 

502,098 ha 1,200.000 ha1989-90 
722,492 ha 1,500,000 ha1990-91 
459.471 ha 525,000ha 

National budget 

1986-87 121,622,000 CFA Fr
1987-88 
 150,000,000 CFA Fr
1988-89 
 250,000,000 CFA Fr
1989-90 
 310,000,000 CFA Fr
1990-91 
 297,000,000 CFA Fr 

International Organizl,ons - Emergency funds 

1986-87 268,453,000 CFA Fr1987-88 1,102,515,000 CFA Fr1988-89 1,575,779,000 CFA Fr
1989-90 
 1,032.685,000 CFA Fr
1990-91 
 297,000,000 CFA Fr 

Conclusion 

In Mali, there are a variety of crop pests but acridids are the mostimportant and every year enormous resources are deployed to control their
increase. These 
resources are often greater than the country has at itsdisposal, hence the plea for urgent help from the international community.To combat these difficulties, the PPS in Mali has opted for a grass-rootsapproach which means that the farmer must assume responsibility for theprotection of his own fields and immediate surroundings. However,enormous quantities of chemical pesticides (more than 200,000 I of liquidchemical at, - 500 t of powder each year) are still being used with all therisks that this entails for man and his environment. The PPS recognises thedangers, which is why it is turning towards research into and application of 
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Republic of Benin: the acridid situation 
in ,he Republic of Benin 

A . C o f f iwA. Coffi 

Service Protectiondes Vegetaux, Benin. 

Introduction 

For the past ten years Benin has undergone wide-ranging attacks by grass-hoppers in the north (near the border with Niger), on crops such as maize 
(Zea mays), sorghum (Sorghum sp.) rice (Oryza saliva) and cassava(Manihot esculenta). Zonocerus variegatus (Linnaeus) has becomeof some importance in the south since 1985. 

a pest
It has become necessary toformulate a national strategy against grasshoppers.

1982 saw an unprecedented proliferation of grasshoppers. The FAOcollaborated with the government of Benin to spray an area of 20,000 ha inthe north from the air. Since then, hasBenin treated an average of 
6,000 ha of crops and fallow annually. 

Organization 

Training of extension workers and farmers 

There are approximately 20 especially recruited extension officers, whohave helped farmers and involved them in control measures. 

Exploration 

We have found about 15 very common species of grasshopper (Acrididae)
of which six are of economic importance: 

I. HieroglyphusdaganensisKrauss 
2. Kraussariaangulifera(Krauss) 

RO;
 

Republic ofBenin 

3. Oedaleussenegalensis(Krauss)
4. OedaleusnigeriensisUvarov 
5. Cataloipusfuscocoeruleipes(Sjbstedt)
6. Zonocerus variegatus (Linnaeus) 

Population density during infestations is from 50 to 230 larvae/m,counting all species. Pressure from grassioppers was intense until 1988,
when due to exceptionally heavy rains grasshoppers drownedere lo s t. and crops 
thoseInareas calm,1989,whichthere hadwas but in 1990 a resurgence took place fromnot been flooded, and from external populations 
borne in on the winds. 

Treatment 

Spraying takes place from June to September or October, during the rainy 
season. The primary target is the population of young larvae in fallow, andin crops damaging growing tips, and for this we(propoxur, carbaryl, fenitrothion, Table 1). use powder formulations

From August to September there follows an intensive treatment 

Table 1. Anti-grasshopper activities in Benin. 

Noh South 
Year Insecticides used Quantity jrea treated ha Area treated ha 

1986 propoxur
HCH 4.0 t 2,980 6,6661.9 tfenitrothion 3390.0I 
dieldrin 

1987 propoxury-HCH 2.0 t 6,5787,6
0.5t 

fenitrothion 60.0t1988 fenitrothion 25.7 t 6,758 4,712
propoxur 

6.7 
malathion 45400.01 

1989 propoxur 13.5t 6,285
 
carbaryl 
 11.6t
fenitrothion 0.8alation 1310.0 

1990 propoxurcarbaryl 15.3 t 4,6140.5 t 
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against advanced larvae and adults with ULV formulations (malathion 

fenitizwhion, Table 1).been and whether isolated pockets need to be treated again.Evaluation of treatments takes place to see how effective they have 

Future aims 

* Organization of farmers into farmer brigades 

"• Providing brigades with means of treatment
" Reviving observation posts inthe northTraining 


Zonoceru, variegalusthe variegated grasshopper 

This grasshopper lives in the southern part of the country and attacksmaize, cotton (Gossypium spp.), cassava and teak (Tectona grandis),especially in the long dry season, causing defoliation and bark-stripping oncassava. The longer the dry season, the worse the threat. From 1986-89there were three control campaigns over 20,000 hasuccessful treatment the situation is calm at the moment. 
and due to this 

There is still much work to be done (rcal damage, effect of attacks ontubers), since although Z. variegatus is no! a problem now, there are stillecological zones favourable to grasshopper proliferation in areas of naturalforest surrounded by pianted forest, as in the Lama forest.
Complementary 
to these activities research work has been done in thelaboratory and in the field. 

Laboratory 

The influence of neem oil on different stages of Zonocerus variegatuslarvae was investigated, at 5 I/ha and 10 
Results: neem oil inh-bis moulting and 

/ha.
affects the antennae. 

In the field 

Z. variegatusdamage was simulated on cassava.

Results: the damage made no significant difference in yield.
 

Republicof Benin 

Conclusion 

Conclusion
 
in Benin, we have used only chemical insecticides against locusts andgrasshoppers, which may well present great risks for the environment, 
and other animals. 

man 

The insecticides used only limit the damage done to crops, without anyrespect for non-target species. 
Although the use of insecticides is in responsethe elimination of insects to a pressing need forharmful effects in crops, "henare taken into account, possible long- and short-termit becomes imperative to identify 

other approaches which can take the protection of nature into account. 
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Senegal; grasshopper and locust control 
in Senegal 

A. Niassy 


Directorateof PlantProtection,Dakar,Senegal. 

Abstract 

In Senegal, grasshopper control represents 80% of pest control activities
organized by the Directorate for Plant Protection (DPP) in collaboration with 

OCLALAV and FAO amongst others. Until now, mainly chemicals have
been used for control purposes, but now different ideas are being developed, 
more extension workers are receiving training and more farmers closely

monitored. Thus, from large-scale spraying by helicopter, the trend is

towards small scale interventions, even by the farmer himself. This new

outlook 
means that we will soon be in a position to introduce biological

cor~rol methods in an experimental form. 


LoCust control strategies 

Basic findings 

In order to define the strategy for the next year, we have to examinepopulation dynamics from preceding campaigns in conjunction withclimatic conditions and the results of exploration for egg pods during the
previous season. 

There are two main groups in locust and grasshopper populations. 

Migratorygrasshoppers 

These move in relation to the intertropical convergence zone (ITCZ). 
Oedaleussenegalensis(Krauss), for example, often causes major damage tocereal crops in the north of Senegal. The behaviour of this species is well
known since it has been extensively studied by researchers from PRIFAS. 
Control begins by observing the ITCZ and studying vegetation mapspredict or locate outbreaks. If the results of this method seem topositive, the 

Senegal 91 

model will become the main tool in observation of the species. The Pest Fore
casting Bureau at the Crop Protection Service started to use the PRIFAS 
biomodel in 1990. 

Sedentaryspecies 

These can be divided into two main groups: 

1.Wet season grasshoppers; univoltine with embryonic diapause (Kraus
saria angulifera (Krauss), Cataloipus cymbiferus (Krauss),daganensis Krauss, Acorypha spp., etc.). These Hieroglyphusinsects hatch in July/ 
August and become adult by mid-September. Diapausal eggs are laid at the 
end of September/ beginning of October. Density and damage can be quitesubstantial depending on the area. During the 1990-91 campaign 261,601 ha 
were treated (Table 1).
2. Dr season grasshoppers, univoltine with either adult diapause 

y
 
(OrnithacristurbidaWalker, Diabolocatantopsaxillaris(Thunberg), or egg
diapause (Zonocerus variegatus (Linnaeus)), or bivoltine with adult
diapause (Aiolopus simulatrix (Walker), Acanthacris ruficornis (Fabri
cius)). These attack vegetable and fruit crops. 0. turbidaand A. ruficornis
have become endemic in the Nioro area and they cause significar.: damage
to cashew tree (Anacardium occidentale) plantatiens; sometimes the whole 

crop can be lost. Spraying with insecticides is effective but does not solve 
the whole problem. 

Table 1. Summary of the results o treatments inthic 1990-q1 campaign. 

Area treated (ha) Proportion 

of area withType of intervention Acridids Others Total acridids % 

1. Ground-based 
applications
 

Village committees 
 30,519 16,309 46,828 65 
DPP 198,938 34,248 233,186 85 
Total terrestrial 229,457 50,557 280,014 82 

2. Aerial applications 

ECOFORCE
 

Project) oo32,144 32,144
Total aerial t32,144 - 32,144 10(1

Overall total 261,601 50,557 312,158 84 

Source: Anon. (1991b) 
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Strategies 
Chemical control of wet season grasshoppers 

The main methods of cntrol are: 
1. earl) intervention (farmers' level) in small areas concentrating on 
groups of larvae in fields using powder and emulsifiable concentrates2. intervention on the ground over areas onlarger fallow land and in 
forests; control of adults is done using ULV sprayers and emulsifiableconcentrates 
3. aerial intervention when the infestation is general and cannot be treated 

The type of control strategy used depends on the following points: 
1. the importance of the crop to be protected 

2. the nature and developmental stage of the pest
3. surface area infested and location 
4. resources available. 4. rsoures aailale.The 

Thanks to the efforts of the state in conjunction with the EuropeanCommunity, the Directorate has large human and logistical resources at itsdvposal.16 

Human resources 

At Directorate level there are 273 personnel. In addition, there are villagepest control committees, extension officers and experts from the inter-national comm'.iity (computer specialists, aeroplane mechanics and 
pilots). Local labour may be employed as necessary. 

Material resources 

201 %ehicles for application, liaison, exploration and maintenance, 31 ofthem with proper equipmeti. 960 pairs of boots, 900 goggles, 900 masks
and 99 pairs of gloves are available at !he ten regional Plant ProtectionInspectorates. 

During extensive infestations in certain regions close to Dakar, theFrench Cooperation Project (ECOFORCE) allocated a helicopter to 
Senegal for 90 flying hours. 

Senegal 

Ground spraying 
This was done by motorized units from the DPP and1 anti-locust village 

committees. The surface area treated was 229,457 ha, with 198,938 ha by
the DPP and 30,519 by village committees. There was about 90%mortality in 48 hours. 

Aerial spravYing 

This was carried out by helicopter on areas of massive infestation of five 
species of grasshoppers over a total of 32,144 ha in different regions. Usingfenitrothion there was 81.8%, mortality after 24 hours and 90.4% after 48Ahours. total of 3 12,158 ha was treated. Treatments affected grasshoppers
and other pests (hairy caterpillars, scale insects and cantharid beetles) and 
birds.birds. 

to+tal of chemicals used was as follows: 
393 t of powder 
14,469 1of emulsifiable concentrate

169390 1of ULV formulations


,9 Iof LVf r uai nThe pesticides were fenitrothion, carbaryl, chlorpyriphos, malathion and 
lambdacyhalothrin (Table 2).It is obvious from these figures, which reflect a fairly ralm period of 
activity, how expensive locust and grasshopper control can be. Chemicalcontrol needs vast financial and material resources and risks polluting theenvironment. Fherefore, other methods of control should be considered,
especially now that environmental protection has become so important 
world-wide. 

Control using poisoned baits 
This has certain advantages for grasshopper control if well thought out.The surface area treated can be considerably smaller and can affect winged
adults and larvae in the dry season or at the beginning of the wet season,using a base (bran) provided by the farmer himself. This method involves
the farmer in the monitoring and protection of his own farm. In Senegal,control with insecticide baits using millet bran with carbaryl and certain 

feeding stimulants has been effective (82% mortality) against Ornithacris
turbida. It may be worth using against Zonocerus variegatus and Aiolopus
simulairix which threaten crops in southern and northern areas of the 
country respectively. 

Trials are in progress to assess the effectiveness and economic impact 

http:dvposal.16
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Table2. Summary of nalionaly approve(, chemical insecticides.Application kg (wp) or L(ec and ULV) 

DPP Village committeesProductNational Aerial total 

W4ettah!e powderstotl7 ae o 11 "I'll 111,ttlocustPropoxureroo %Propo3ur 1% 37690 _ 

Carbaryl 5%
2-1" 800Chry p 5%s -,00 _Chlorpyriphos 5%~Totawp 9,99,395 12,655Tuale23,392 1,65
mi 370,039ci 3con7centrineciidsauhtsesitoti  393.431Fenitrothion 50 7151 -hop

72-
TSiotntot 30- 1,726in 84,877 3,089UL omltos887 2849j _551 --446Two I14.468 
Fenitrothion 50 ,06 5 339,690 -


Malathion 
 50 26,65.0 - 29,930 
Lambdacyhalothrin %hlota ripo_ 3,200y 2 9.695 -Chlorpyriphos 24 - 16,7929 6 5--p122,385 284 46,722 169,391 


"50:1 Mixture of fenitrohion and fenvalerate 


of this method. We will try to use these baits containing pathogens, as well
as chemical insecticides, 
more often in future.
 

iollogical control 

develop in relatively small sincetheyAnon.areas and it should be Possible for naturalenemies and pathogens to maintainPopulations. high enough levels to~ Studies on control pestfettCataloipuslevelot s cymbiferts (Anon.,m1991a;the impactashighAn ., ofNMassy,natural inenemiespress) haveon eggshownNiassy pods ofn ress) havds thatown that 
anguliferaand Hieroglyphllisdaganensis 11% 
the level of attack can be as high as 60% were affected three monthson egg pods. On Krattssariaafter the start of the rainy season. 

seaon.Effectsafte thestat ofthe ainPredatorsgalensis Olivier,of egg pods include tenebrionidsVieta senega/ensis(Klug) such as Pitnelia sene-and carabids such as Styphlo-

gl 
Senegal 

Comprehensive studies on 
Lerussp etc. A senegalensislarvaeare often seen on K. atguliferaegg cases. 

insect enemies have been done by Greathead 

(1963), Popov (1980), Van der Valk (1990) and Popov et aL (1990). Van
der Valk's study, carried out in Senegal. stressed the abundance of certain 

eemisenemies and their susceptibility to chemical insecticides.tWork has also been done on pathogens. Prior & Greathead (1989)discussed the possibilities in this area. In Senegal, investigations on the useof pathopens such as Nosema locustae Canning have been done at DPPwith the help of USAID. These trials included different species of grasshopper including Zonocerits variegatsandinldn Oedales senegalensis (Fishpool, 1982). 'rcai
 
Growth regulators have also been used aainst locusts and me
were interesting, but n n rimethous arc o loc st3ad4te3esltresultsstill experimental. However, theproject (Niassy, 1990) showed that they 

pilotinsecticides such as fenitrothion and chlorpvrilhos.can compete with chemical 
con trolusing entom opathogensand is financed by the governmets of the 

new projects are about to start. The first will deal with biological 

Netherlands, USA, Canada and UK. It will concern itself with Saheliancountries and is based at IIBC (UK), ITA (Berin) and DFPV in Niger(see paper by Prior et aL, these proceedings). Senegal will participate in thiso e t 
project.The second projectenvironment, is a study of the impactwith a sub-programme dealing with useful entomofauna.

i, ased in of pesticides on theSenegal and is financed by the Netherlands and co-Itordinated by FAO and the National Plant ProtectionSenegal is ready to lend Servie.every effort towards developing biological 
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Sudan. 

Abstract 
The status of the two main locust species. Schistocerca gregaria (Forskil) andAnacridium melanorhodon (Walker), and of grasshoppers in the Sudan in1990 and 1991 is briefly reviewed. 

Introduction 

During 1990 in the Sudan, rainfall was generally below average and thismeant that breeding conditions for iocusts and grasshoppers werefavourable. In fact, survey operations in summer 
not 

breeding zones betweenlatitudes 12*N-18*N, showed that no locusts were present. 

Desert locust, Schistocercagregaria(Forskl) 

During the summer campaign, all areas were calm and only a few scatteredindividuals were found in three localities in the Central region of Sudanduring August, at a density of one locust/km2 . Both ground and aerialsurveys produced the same conclusions. The main crops in the surveyedareas were vegetables, millet, and sorghum, and no damage was reported. 

Tree locust, Anacridium melanorhodon(Walker) 

The same survey teams were used for tree locust ashere too for desert locust andthe local population reflected the low rainfall with tree locusts 
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concentrated in relatively high rainfall areas. In June, ground surveys inCentral region indicated some threat by tree locusts to orchard crops. InJuly, in Darfur the total infested area was about 1,700 ha with a medium 
density of locusts and in north Kordufan the infested area was 100,000 ha,but most swarms dispersed since low rainfall made conditions unsuitable
for egg laying. In September in Ka gli, more rain encouraged egg-laying
which resulted in a high density presence at 60-70 individuals per tree, of2nd-5th instar. The area infested from August to October 1990 was
28,660 ha, with less than half affected by adults. 

During this period, 3,000 ha were sprayed aerially and 17,000 ha onthe ground using propoxur dust 1%, diazinon EC 60% and fenitrothion 
96%. 

Grasshoppers 

After some rainfall in July, grasshoppers (1-5 individuals/m 2 ) were seen inDarfur and Eastei, region. In August, after more rain, there were
outbreaks in Darfur of several species of grasshopper, attacking mainly 

millet. In one area 80% damage to millet andsorghum was noted ofwithabout 4,000 ha, up toa grasshopper density of 20-70 individuals/m 2 . 
Propoxur was sprayed. 

1991'1-91 

During the winter breeding season the desert locust situation was gene,lly
calm. The Tokar Delta is the most ecologically suitable habitat for the
desert locust to breed, since it is flooded annually. The area cultivated here
is usually ab'out 30,000 ha and can be as large as 80,000 ha, but this yearwas exceptionally small with oai!y about 85 ha flooded - a completely new
phenomenon. 


In November, some were
scattered individuals found in the Tokar
Delta over an area of 200 ha at 
a density of one individual/ha. The cropscultivated here are sorghum and millet. All other areas were found freefrom locusts. The vegetation varied from very dry to green, and included 
some favourable ecological breeding conditions. During December andJanuary there was still no problem and up until March no gregprious
activity was reported, so it seems likely that the calm situation regarding thedesert locust will persist throughout 1991, despite the likely presence ofscattered adults in the traditional brced~ng grounds of the Sudan. 

Discussion: precis
 

Dr Johnsoncongratulated Dr Ndiaye on his talk, but asked why, in DrNdiaye's opinion, the Nosema trial in Mali in 1989 did not work, since it 
was not a temperature problem as he had been present when frozen sporesarrived from Evans Biocontrol. Dr Ndiaye and Dr Knausenbe,-ger were 
agreed that it was a logistic probl,--.,.

Dr Bateman commented to Captain Kitenda that his comments on theinvolvement of farmers and other practical realities were taken very 
seriously. Could Captain Kitenda help make laboratory studies morerealistic by suggesting what might be typical temperatures during spray
operations? Captain Kitenda replied that temperatures vary between 10*Cand 20"C in the mornings, and that between 07.00 and 10.00 h they may
be as low as 8-12'C in some areas.
 

Dr Niassy commented to Mr Mouhim that a 
figure of six million litresof chemicals used during the campaign against locusts seemed huge .,,aenone considers the risks and the means necessary to put this into practice.
Could Mr Mouhim give sore information about the logistic framework
and equipment necessary on the one hand and on farmer participation onthe other. Mr Mouhim responded that the fight against locusts used landbased resources, but the greater part of the intervention was from the air.The application was at a dosage of between 0.8 i and I I of ULV product/
ha. Farmers were especially valuable in warning us and this is what theyhave mostly been trained to do. Concerning the environment, Dr Ndiaye
spoke of the ECOTOX project in Senegal which is concerned about theeffects on the environment of chemicals used in the fight against locusts.

Dr Oomen commented to Dr Zeiazny that the number of activities 
describeu which are aimed at finding and developing biological control 
agents is impressive. Many questions to be studied are, howevet, easily 
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comparable in the different research institutes involved, (e.g. surveying, ment the research which has already beenisolating, bio-assay, formulation, application). In order to obtain results developed. Many technicalreports have been produced and implementation teams set up to use andefficiently, considerable co-ordination and co-operation are very desirable. implement the technologies.
How does the EC provide for and assure such co-operation? Dr Zelaznyresponded that the co-ordination of research activities is a very important 
What about field implementation? Dr Goettel urged that caution was 

needed not to push the research too much before it wasaspect of the CEC project. At the m( menit, such co-ordination involves ready, because of 
mainly identification, processing of collected material and 

the danger of raising expectations unduly.exchange ofpathogens to establish standards during testing. The main aim at this stage 
Dr Magor discussed a donor's point of view. Donors want resultsbecause they seeis to search for and find new and promising diseasc agents. L the work in 

so much research work published. We have a problem
the future concentrates more now and we need to do something abouton applic.ation and formulation, such co- it now. Maybe we would get
ordination will have to be intensified. 

better results later on when much more research has been done, but in the
meantime we need to go forward with what we have.Dr Ba-Diallo asked Dr Zelazny whether he would welcome collabora-tion with the newer research institutes from the Sahelian region. Dr Zelazny 

Dr Krall felt it was important to involve the farmers wherever possibleand collaborate with themreplied that GTZ has offered fellowships to four people, but it is difficult to 
in the form of farmer brigades and with the 

find people to go to Germany and funds were very tight. 
plant protection services. Some basic research still needs to be done in 

Mr Shah asked Dr Raina what microbial agents should be used in the 
laboratories. Where there are no farmers as such in the recession areas,

pre-gregarization phase of desert locust and how could they be used in the 
monitoring and control will have to be done in collaboration with plant

field given that they would need to be easily applicable, persistent and 
protection services. Various people stressed the need to demonstrate safetyin the laboratory and efficiency in the field. We should not at this stagecover an extensive area. Dr Raina responded that biological agents which promise viable biological control agents to the farmers.can perpetuate in the harsh environment of the desert locust throughtransovarial transmission and which are sustainable with proper formulations in the field are the most preferred. Mr Shah further asked Dr Raina
what steps had been taken to ensure that desert locust in culture at ICIPE
 

are solitario is as claimed. Dr Raina responded that morphometricmeasurements such as femur size, body length, elytra size, etc., had b "=n
used, and that biochemical markers using SDS 
 PAGE of haemolymphproteins is under investigation. Dr Johnson asked Dr Raina whether thedata on host specificity and host range changes in Nosema referred to in his
talk had been published; Dr Raina replied that the work was not published,
but that a 
 draft article was available for those interested. Dr Johnsoncommented that enormous quantities of inoculum would be required totreat all recession areas, and that baits would need to remain palatable for 
many years. 

Panel discussion 

Dr Cunningham began the discussion, saying that most farmers and thegeneral public are familiar with chemical pesticides and how they work butnot with biological control agents. He was of the opinion that 98% of thegeneral public want biological control and that we need training for bothfarmers and the pulhic, but that we should be careful not to oversell thecapabilities of biological control. There should be co-ordination to imple
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Natural enemies of tropical locusts and 
grasshoppers: their impact and potential 
as biological control agents 

D.J. Greathead 
InternationalInstitute ofBiologicalControL 

Abstract
 
There are numerous records of natural enemies of Acridoidea but few
 
in-depth studies on natural mortality of tropical species. These chiefly relate
to the desert locust, Schistocercagregaria(ForksAl), African grasshoppers,
Zonocerus variegatus (Linnaeus) and OedaleussenegalensisKrauss), and the
 
Australian plague locust, Chortoicetes terminifera (Walker). The principal
groups of na, - enemies - vertebrate and invertebrate predators, insect
parasitoids, parasitic nematodes and pathogens - are reviewed with emphasis
on their importance as mortality factors and potential for manipulation as
biological control agents. The conclusions of population dynamic studies on

the impact of natural enemies are summarized and it is shown that there is a
 consensus that natural enemi-
 are unable to prevent locust outbreaks but
 
can provide a useful constraint on the rate of population increase and may
hasten the collapse of plagues. The possibilities for biological control are 
discussed and it is concluded that there is little prospect for classical biological
control of mobile locusts but that there may be some opportunities for
introduction of insect predators for suppressing static grasshopper

populations. Augmentative release programmes 
are not considered feasible.
However, the most promising approach to biological control appears to bethe development of pathogens, particularly those fungi which can be cultured 
in vitro, as biological pesticides. 

Introduction 

There are numerous records of natural enemies of locusts and grasshoppers
beginning with the monumental study of Kfinkel D'Herculais (1893-1905) 
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in Algeria. The natural enemies which have been recorded include pre-
dators, parasitoids and pathogens. Many of those recorded are rare or
incidental but there remains a formidable list of potentially importantmortality factors to be evaluated. 

Insect natural enemies were reviewed and catalogued by Greathead(1963). Information on arthropod and nematode natural enemies inAmerica north of Mexico was summarized by Rees (1973) and lists of 
natural enemies of tropical species are included in The locust and grass-
hopper manual (COPR, 1973). Knowledgehoppers has on the pathogens of grassbeen reviewed recently by Streett & McGuire (1990), and 
Prior & Greathead (1989) have provided an evaluation of the variousgroups as potential biological control agents for tropical locusts and grass-
hoppers. There are also some important studies on particular species ofnatural enemies which are cited below in discussions on these species.


Less information is available on the impact of natural 
 enemies on 
populations of Acridoidea, especially in the tropics. Studies on populations 
of the desert locust, Schistocercaduring the 1950-62 gregaria (Forsk~l), were carried outplague by scientists of the Anti-Locust Research
Centre and the Desert Locust Survey (e.g. Stower et al., 1958; Ashall & 
Ellis, 1962; Stower & Greathead, 1969). and worksummarized by Greathead This other was(1966a) who showed that although the impact 
of natural enemies is considerable (Tables 1-3) and may reduce thepopulation growth rate of gregarious populations from 11 per generation to6-8.5 (Table 4), natural enemies are incapable of preventing outbreaks 
although they may contribute to the collapse of plagues.The only other relevant studies in Africa are those of Chapman & Page 
(1979) on Zonocerus variegatus(Linnaeus) and by Cheke et al. (1980) andPopov (1980) on egg mortality of Oedaleus senegalensis (Krauss) (Table5'. Studies have also been made in Australia on the population dynamics
of Chortoicetes terminifera (Walker) (Farrow, 1977, 19 82a, 1982b; Table 
6). 

Table 1. Estimates of egg mortality of gregarious desert locusts in north-eastern 
Africa and the Red Sea basin. 

Cause MortlityMorelation 

Stomorhina lunata (Calliphoridae) <90%Systoechus spp. (Bombyliidae) <30%Troxprocerus (Trogidae) <10%(75%)" 
Fungi, etc.
Inviability <30% 

c. 10%
Hatching failure c. 4% 

*OnSaudi Arabian coast only. 


Natural enemies of tropical locusts and grasshoppers 

Table 2. Estimates of parasitism of nymphs and adults of the desert locust in north
eastern Africa. 

Cause 
Mortality 

Trichopsidea cosata (Nemestrinidae) < 30%
Blaesoxipha spp.(Sarcophagidae) in gregaria <5%- <45% 

in transiens <40% 

Table 3. Examples of bird predation on desert locusts in north-eastern Africa. 

Bird Population type Daily loss 

Marabou swarms 650,000White stork swarms 200,000Eagles swasRaven 1,000
hopper bands 168,000

Hornbill
Wheatear, etc. hopper bands 140,000transiens 1,200
Kestrel transiens 1,000 

Table 4. Desert locust multiplication rates in north-eastern Africa. 

Rates of increase solitaria transiens gregaria 

Potential rate of increase 65+ 50 
a. without natural enemies 
b. with natural enemies 

16.5 11 
i. Somali Peninsula 

6-8.5 
ii. Red Sea coast 

IData from Greathead (1966) 

This review discusses the important groups of natural enemies in 
to their value as mortality factors and their potential as biologicalcontrol agents with particular reference to tropical Asia and Africa. 

of natural en
Principal groups emies 

Different suites of natural enemies attack the egg and post-embryonicstages, but there is no useful distinction betweenadults, thus they are those of the nymphs and,est treated as two categories. 
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Table 5. Mortality of Senegalese grasshopper eggs. 

Cause Niger' Oman" 
Systoechus sp. (Bombyliidae) 
Xeramoeba oophaga (Bombyliidae) 

110/ 
4% 

_ 
2% 

Mylabris sp. (Meloidae) 
Pimelia sp. (Tenebrionidae) 
Tenebrionid 
Unidentified 

3% 
40% 

0.5% 

1 
27.5% 

Data from Popov(1980) 
a. means of 104 samples, 

b.single sample. 

Table 6. Mortality rates for the Australian plague locust during 1971-4. 

Cause Rate (range) Remarks 

Unrealized natality 33.5 (7-57) minor influence of 
gregarinesEgg mortality 27.2 (7-60) 83% due to 

Scelio, ants, etc.Hopper mortality 30.4 (12-58) mostly rainfall, 
some predationDispersal 6.8 	 net loss/gain over 
all generationsAdult mortality 1.5 (< 1-11) 	 parasitoids and 

mermithids 
99.4 

Data from Farrow (1982a) means of 17 generations 

Natural enemies of the egg stage 

All locusts and grasshoppers, except a few specialized species, oviposit inthe ground and deposit a batch of eggs which are protected by secretions
from the accessory glands - referred to as an 'egg pod'. The secretions 
form a 'froth plug' which blocks the hole above the eggs and provides bothprotection from predators and an escape route for the hatching nymphs. Inthose species with diapausing eggs the secretions may also form a hard
capsule of cemented soil around the pod and even occasionally a cap at the
soil surface which provide further protection from predators. 

Natural enemies of tropical locusts and grasshoppers 

Egg predators 

Many of the insect natural enemies of eggs consume all or part of the eggs
in an egg pod and remain in it throughout their larvalbehave more like parasitoids 	 life. Thus, theythan predators 	 and so are treated as aseparate category from conventional predators which move from egg 	pod
to egg pod. 

Diptera:Bombyliidae 
Bee-flies of the genera Systoechus and Anastoechus are usually associatedwith egg pods in North America, Africa and Eurasia. Other genera alsocontain species specialized as egg predators, e.g. Xeramoeba oophaga 
(Zhakvatkin) on 0. senegalensis, or sometimes in limited geographicalareas, e.g. Cytherea spp. in the Mediterranean Basin and Central Asia.They are frequently the most important cause of egg mortality. They are 
not host specific but individual species attack either non-diapausing eggpods (without 	 hardened walls) or diapausing egg pods which have hard
ened walls (Greathead, 1963).The eggs are minute, thin-walled and sticky and are coated with sand 
in a special chamber formed by the invagination of the posterior abdominalsegments which is filled prior to oviposition. The sand covered eggs are 
ejected onto the ground or into irregularities in the soil surface and the tinytriungulin-like first instar larvae wander in search of their prey. After 
completing feeding the larvae become dormant until pupation is triggeredby a weather event. In the arid parts of Africa this is a rain storm which 
wets the soil 	 (Hynes, 1947), thus synchronizing emergence with theappearance of a flush of flowers on which the adults feed. Mating requires 
a large space for courtship flights. This and the fragility of the adults makesbreeding of bee-flies in captivity extremely difficult and this has only beenachieved rarely 	and only on an experimental basis (Du Merle & Delpech, 

1973). 

Diptera:(aiphoridae 
Stomorhinalunata(Fabricius) is an unique egg predator within the familyCalliphoridae. 	 It is widespread in Africa (except West Africa) and its 
distribution extends northwards into the Mediterranean Basin andeastwards to the Indus River. Although it is a major predator on egg podsof gregarious dese-rt locusts, it has not been recovered from the egg pods ofsolitary locusts and grasshoppers so that its Plternative hosts in the absence 
of locusts remain a mystery.

Oviposition takes place into the froth plug and the larvae move down
into the egg mass to feed, movement within the egg mass causes extensive 
damage and ensures infection by fungi and bacteria so that a single larva 
may cause the destruction of an entire pod. There is no diapause and adult 
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predators emerge shortly after the nymphs from undamaged egg pods. Theadult flies feed on flowers, consuming both nectaressential for maturation. and pollen, which isFlies congregate in large numbers around ovi-positing swarms and there is circumstantial evidence that the adults migrateand are thus brought into areas where locust breeding is likely.Breeding has been carried out on an experimental scale on hen's egg 
yolk without difficulty (Greathead, 1962). 
Cokeoptera: Trogidde 
Beetles of the genus Trox are usually considered to be scavengers but two
species have been identified as egg predators, one inAmerica (T. suberosus Fabricius) and southern Southone in Africa-Arabia (T. procerusHarold). On the Red Sea coasts the latter is often an important egg-predator of gregarious desert locusts. Adults burrow inoviposit near egg pods and 

the ground tothe larvae feed indiscriminantly on the eggs.Adults are attracted to ovipositing locusts and feed on cadavers (Roffey, 
1958). 

Coleoptera:MeloidaeLarvae of Mylabris spp. (Africa and Eurasia) and Epicautaspp. (North
America) prey on
usually their numbers

eggs 
are 

of 
low 

locusts 
and they 

and 
do
grasshoppers 

not appear 
in 
to have 

most regions but 
a significantimpact. The numbers of adults may be greater than seems reasonable toaccount for the number of larvae observed in egg pods, suggesting thatthere may be other undetected hosts. The life cycle is complex and exhibits 

hypermetamorphosisBombyliidae) which The adults lay large numbers of minute eggs (like thehatch into triungulin larvae. These seek egg pods in
which they feed and pass through three instars, as a 
'caraboid' and then 

two 'scarabaeoid' 
 larvae, before moulting into a'coarctate' resting stage, thelarva. In the arid tropics further development seems to require
rain. Then there is a further moult, into a 'scolytoid' larva, before pupation.
The adults feed on flowers and some species are important pests of crops, 

Miscellaneous 
Egg pods are als-o attacked by generalist insect predators living in the soil.The most important of arethese larvae of Asilidae (Diptera), and 
Carabidae and Tenebrionidae (Coleoptera). These predators may causeimportant mortality and can be present consistently at oviposition sites ofparticular species or at particular localities. However, none of them seemsto be dependent on locust and grasshopper eggs for their survival. 
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Egg parasitiods 

Hymenoptera:Scelionidae
The only true parasitoids of the eggs of Acridoidea belong to the genusScelio sensu lato, excepting a few records of chalcidoids from some veryspecialized grasshoppers which oviposit above ground, e.g. Oxya spp.which lay between the leaves of rice plants above the water level. 

The African species of Scelio werepenetrate the froth plug to reach the eggs in which they lay their own eggs.The developing stages remain 

revised by Nixon (1958). Adults 
within the chorion until the emerging adult 

cuts its way out.
There does not seem to be any host specificity but there is a tendencyfor particular species to be reared from particular hosts (lrshad et aL,1978), possibly egg size and habitat are the chief determinants of hostselection. Although Scelio spp. can be abundant in grasshopper eggs theyare rare or absent from the egg-fields of gregarious locusts in Africa andAsia. However, in Australia S. fulgidus Crawford can achieve very heavy 

mortality (over 90%) of eggs of Chortoicetes terminifera inpopulations (Farrow, declining
ency 1977). Some authors claimto density dependence in to have detected a tendlevels of parasitism but there is often 
extreme patchiness of attack.Some species exhibit phoresy and Farrow (1981) has presented evidence that S. fulgidus migrates on air currents in such a way that it will betransported to the same areas as migrating C. terminifera.These parasitoids are easily cultured on grasshopper eggs and
S. pembertoni Timberlake is, so far, the only insect parasitoid to havebeen successfully introduced as a biological control ag,:nt of a grasshopper- against Oxya chinensis(Thunberg)in Hawaii (Clausen, 1978). 

Pathogens 

Investigators studying egg mortality frequently report significant losses dueto 'mould' but there have 
Daguerre (1937, 

not been any studies which have identified thecausal agents. The record of Cunninghamella sp. as a pathogen by 
cited in Roffey, 1968) is dubious since this is a commongenus of saprophytes in soil. However, a true pathogen, Paecilomyceslilacinus (Thom) Samson, has been isolated from eggs(Tettigoniidae) in Papua New Guinea (Prior & Greathead,

of Segestidea sp.1989). 
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Natural enemies of the post-embryonic stages 

Predators 
Nymphal and adult Acridoidea are preyed on by a large number ofvertebrate and invertebrate predators most of which are generalists, 
Gregarious locust populations are particularly attractive concentrations offood, and both swarms and hopper bands are often followed by predators,notably migrant birds and ,:phecid wasps. The only quantitative studies areto be found in the papers cited above but there are also some usefulobservations scattered in the literature which are cited below it, discussingthe contribution of particular groups of predators. 

Terrestrial vertebrates 
Mammals (small carnivores, insectivores and rodents) and reptiles (parti-cularly lizards) are frequently reported as predators there nobut arequantitative assessments in the tropics except the study of a transienspopu-lation of desert locusts in Ethiopia (Stower & Greathead, 1969) and onthat occasion they were of negligible importance. 

Birds 
Predation by birds can be significant (Table 3) and there are reports ofbirds congregating on small hopper bands and remaining with them untilthe population has been completely eliminated. This behaviour has beenreported both for resident species (passerines, hornbills, rollers, etc.)attacking early instars (Huddlem.on, 1958, and references therein) and alsofor storks, especially migrant populations of European and Abdim's storks,attacking bands of older instars and swarms (Smith & Popov, 1953).Raptors have also been credited with causing substantial mortality (e.g.Smith & Popov, 1953) many of these are also migrant.

Migrant birds from the Palaearctic Region, including many of the
important predators cited above, arrive in the winter breeding areas of the
desert locust and remain there throughout :L season (Moreau, 1972) and
are thus able to exploit locusts and grasshoppers breeding at this time, but
are absent during the summer breeding period and thus insects breeding at
this time probably suffer much less bird predation, e.g. those in the Sahel. 

In vertebrates 
Scorpions and insects, such groundas beetles, have been reported as 
predators but there is no evidence that they cause significant mortality, 

Hymenoptera: SphecidaeSome sphecid wasps are specialist predators using Acridoidea to provisiontheir nests. In Africa the best known is Sphex aegyptiacus Lepeletier which 
has been observed to accompany swarms (Haskell, 1955). 
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Parasitoids 

The nymphs and adults of Acridoidea are unusual in that they do not have
hymenopterous parasitoids, but they do have an unusually rich assemblageof dipterous parasitoids which can cause substantial mortality. 

Diptera: Nemestrinidae 
Several genera of nemestrinids parasitize Acridoidea, the most importantof these in the Old World is Trichopsidea. T. costata Loew has a remark
ably wide distribution and is present throughout Africa and the Mediterranean Basin parasitizing a wide range of species, possibly because it is 
dispersed as larvae within parasitized hosts. The adults lay large numbers ofminute eggs in holes in wood, irregularities in the ground and other similarsites. The tiny triungulin-like hatchling larvae seek and enter their acridoidhosts where they feed attached to a respiratory tube growing from the entrypoint. Death of the host usually follows the exit of the fully fed third instarlarva which burrows into the ground. Pupation is delayed until triggered byrain, as with bombyliid egg predators. Although adults of some genera

have fully formed mouthparts and are able to feed, those of Trichopsideaspp. are vestigial (Greathead, 1958). 

Diptera:Sarcophagidae
A large number of species of sarcophagid flies has been reared fromAcridoidea, but many of them are saprophages (e.g. Sarcophagaspp.) orfacultative parasitoids of newly moulted or moribund individuals (e.g.Wohlfahrtiaspp.) so records need careful evaluation. Most true parasitoidsbelong to the genus Blaesoxipha. These flies are larviparous and place theirlarvae on the host which is entered through an intersegmental membrane.The species are not host specific but the host range is determined by thebehaviour of the ovipositing female; thus, of the two most common African
species, B. filipjevi Rohdendorf is attracted 
 to crawling hosts and soreared from nymphs and adults of a 

is 
wide range of species but B. lineata(Falldn) attacks flying hosts and so is usually only reared from adults.The number of larvae developing in a host is limited only by host size.Fully fed larvae leave the host, which usually dies rapidly from desiccation. 

and pupate immediately in the ground. There isspecies (Greathead, no diapause in tropical1966b). They are easily cultured by teasing larvaefrom the ruptured bodies of gravid females and placing them on the open
stump of an amputated leg. 

Sevral eeraTachinidaeo v s p rstis
Several genera of Tachinidae haveh beene n reportedr p re as parasitoids of Acri
doidea, those most frequently encountered 

o ci 
are A cemyia and Ceracia.They 

appear to be rare in Africa but Chapman (1962) reported up to 13% 

http:Huddlem.on
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parasitism of female Nomadacris septemfasciata (Serville) by Ceracia
nomadacris van Emden in its outbreak area, the Rukwa Valley in 
Tanzania. Like Blaesoxiphaspp. the tachinids are not host specific but tendto have favoured hosts, suggesting that they too select hosts in particularsituations. They are viviparous or lay macrotype eggs on the host. The larvapenetrates the host and feeds attached to the cuticle by a breathing tube.More than one larva may develop in each host. 


Tachinids are less than
usually abundant sarcophagids and haveseldom been reported as important mortality factors. In fact there are norecords of substantial parasitism of t; e larger pest species and no authenti-
cated records from the desert locust. 

Diptera:Muscidae 
Muscid parasitoids have not been reared in the tropics but Acridomyiaspp. 
are important parasitoids in North America and Eurasia. They are gre-garious with up to hundredone larvae developing in a single host (e.g.Rees, 1973). 

Parasites 

Nematodes 
Mermithid worms are frequently reported and have been studied exten-sively in North America. Although high levels of parasitism have been
recorded in favourable habitats, they require moisture for maturation and
oviposition and are except in
so rare humid environments where grass-
hoppers are not usually a serious problem. See Rees (1973) 
 for references
and a discussion. 

Pathogens 

A wide range of pathogens have been isolated from Acridoidea but there are few quantitative assessments indicating their importance as mortality
factors. Only the more important ones will be discussed, 

Protozoa 
Acridoid digestive tracts are frequently infected with protozo:n parasites,
e.g. Malamoebalocustae (King & Taylor) (Henry, 1968) and Eugregarina
(Canning, 1956), arewhich often a problem in laboratory cultures butthese parasites seem to be of little significance in field populations,

A more serious infection is caused by Nosema locustaeCanning, whichwas first isolated from an insectary colony Locustaof migratoria 
(Linnaeus) in (Canning,the UK 1953). It causes a debilitating diseasewhich reduces the life-span and fecundity of infected insects. N. locustae is 
now known to be widespread in field populations of locusts and grass-
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hoppers and has been the subject of intensive research as a potential
biological control agent (Brooks, 1988). 

Bacteria 
Bacterial infections recorded to date have all been due to non-specific
agents which are potential human pathogens and so have been discounted as possible control agents. The most notorious of these the diseasewas
reputedly caused by 'Coccobacillus acridiorum d'Herelle' inand usedabortive field trials as a potential biological pesticide until it was found thatit was in fact a strain of a coliform bacterium, Aerobacter aerogenes
(Kruse) (Steinhaus, 1949). Another ba,:irial disease isolated from a 
laboratory colony of desert locusts, due . a nonchromogenic strain ofSerratia marcescens Bizio, was investigatei by Stevenson (1959) who
carried out a field trial with a bran bait inociated with the bacteria but
with equivocal results.
 

Spore forming bacteria, most 
notably Bacillus thuringiensisBerliner,have not been isolated from Orthoptera. The low pH of the gut would 
prevent the toxic crystal of most known strains from dissolving (Prior &Greathead, 1989). 

Viruses 
There are few records of virus infections from Acridoidea and most ofthese have only been reported once. The best areknown entomopox
viruses which have now been isolated from specimens collected in NorthAmerica, Africa and Arabia (see table of records in Streett & McGuire,1990). These large DNA viruses resemble vertebrate pox viruses super
ficially and therefore have been treated with caution; however, they are
 
now known to have no close biochemical similarity and do not infectvertebrates (Streett & 1990).McGuire, Isolates from North American
 
grasshoppers have been obtained and are being studied as potential control
agents. However, entomopox viruses are not highly virulent and debilitate,

rather than kill, the host. Furthermore, being obligate intra-cellular para
sites they cannot be cultured in vitro.
 

The only other naturally occurring virus of Acridoidea, of possibleinterest as a control agent, is the crystalline array virus (CAV) isolatedfrom grasshoppers in the USA. However, CAV was found to resemble
picornaviruses of vertebrates and so studies on it were abandoned.

Nuclear polyhedrosis viruses are not known from Acridoidea in naturebut there is an interesting report of the oral transmission of Spodoptera
littoralisNPV to both Schistocercagregariaand Locustamigratoriawhichcauses visible symptoms termed 'dark cheeks disease' (Bensimon et al., 
1987). 
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Fungi are among the most frequently reported Pathogens affecting Acri-Fungdoidea and records have been tabulated by Prior & Greathead (1989).The best knownEn omophaga fungal infections(Entom op hth ora) spp ., of insects known.known the sum mit asras are those secauseddisease "byinsect areran cortapity 


because dying insects climb to the tops of stems where they die clasping thstem. Thus the dead insects are conspicuous and this may account for thefrequency of reports ofinduce thisthis behaviourehesdisease compared with others which do notinduce this behaviour. Epidemics
identified as in locusts and grasshoppes,E. grylli Fresenius, have been reported from all regions wheret 

USuallypest species have been stud..,d,Chapman & Page (1979) e.g. Skaife (1925) in Southin Nigeria, Pickford & Ricgert (1964) Africa,Roffey (1968) in Thailand and Milner (1978) 
in Canada, 

in Australia (see also table inwarm 
Streett & McGuire, 1990). Accounts note that prolonged periods of rain 

humid weather are ornecessary to initiate and sustain epidemics and 
that although some acridoid species may be decimated others escape or are 
hardly affected. Th. s variability in susceptibility has led to the recognition 
of many strains and some arefungi now described asare obligate parasites and so 

separate species. Theseartificially (Carruthers etaL, 1991). cannot, at present, be cultured in vitro, 

MetarhiziumEpidemics caused by Deuteromycotina, usually by Beau veria spp. andthose reported for E. grylliFor example, Balfour-Browne (1960) provides 

spp., have also been reported under similar circumstancesa detailed description toof the almost complete destruction of a swarm of
deet loc usts by Mfanisopli e (M etschnikoff )(Ethiopia) during unusually humid conditions.tory tests but there are 

Soro kin inStrains of these fungi do not always exhibit host s 
Eritreamarked diffe:en,-- speciicittest insect species which in pathogenicitye i c ty in
do not necessarily conform 

to a rangeab raof 

with the taxonomic
affinity of the insects. The biosystematics and ecology of these associationscan beare poorly understood and are the subject of current research. These fungi 

zultured readily in vitro on simpleexploited as media andbiopesticides for froghoppers (Cercopidae) 
are already being

and other pests(McCoy 

Impact of natural enemiespopulations on locust and grasshopper 

There have been few rigorous studies on the population dynamics
population regulation. Quantitative studies over several years on essentially 

of 

Naura en~nj~of ropcal~static Populations in temperate regions
l1954binlud 
c us tD cton grasshoppers i 

amot upr nn oncth e -sum usOntario Thesii studies ira 

ad9gras hppe,, 
the oc a n 

e prse and ithie (19ieca n 
p en utp e nt toutbes oC nc si ee d nuinCe Sm c an rlZonocero that natundvar is the o rcalgsshoppeon altsetative opulation Studies have been made. Chapman & Page 

(are able to preent outbreaka. Camn&Pg foundta aua 
a surprising absence Of egg parasitiods and predators but substantial
 

nematodesbe funga Howeverinfection folowingrthe key faain.ceolain .p io ae ae toThe investigations ai.. 
on

and summarized by Greathead (I 9 66a), Point to the 

the desert locust mentioned in the introduction,
enemies in contributing to the collapse of plraguesalto prevent them. 

ce 

The lost comprehensive but question their abilityChortoiceles ter 
quantitative Studies have been those onehinifera
uarrow
in experimental plots. He 

by 
caclude 

(tudie avthmratyegnratic, ben osetonthat naturaloera or 9 ewhen ny able tothe ppltoremains static. Key factor analysis idenife 
 migratiodetermining populaion stefcosizeNaoutbreaks, 'iimctdupsurges and increased duri e ste coat 
 l hastening the collapse ofFarrow & Longstaff (1986) modelledo 

sdynarnics 
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Thus, natural enemies may 
Nma, 

cited above that natural enemies have little influence in plague dynamics.
on 
 pthe rate of l-opulation seful constraintonProbably have their greatest impact On

increaye ocaiondecnn rvdeaueulcntritoP revent plagues but 
on declining Populations.As such they 

cons er atn, 


)iological 
ControlP enilof locust and grasshoppernauleemPotential sfo 

nr 

emies for 

Classical biological control with insect natural enemies has been attempted
and only two occas - ions Greathead 

e 'introductions
resulted inestablishment.The 

possibilities
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for 	 classical biological control of static grasshopper populationsfurther consideration. merit
Some insect natural enemiesfrom consideration because they are not amenable to handling in captivity 

can 	 be eliminated e.g. the egg 	 predators (Bombyliidae, Meloidae) and nemestrinid para-sitoids. Stomorhina lunata can be reared bit there are questions toit breed in the absence of grgriuanswered about its biology before it can o mmwyisibendbe redoes V ro Wh seereein 
ie cansehostsmwhydis:itvabsenthfro 

Afic wenit is peetithretothcotntTemcidreference 	
Wes 

Africa whenitis present in the rest of the continent? The Muscoidparasitoids are easy to multiply but introductions into North America andHawaii have failed, suggestiilg that more careful selection Of species forintroduction is necessary before embarking on an introduction programme.They are easy to rear but more information is required about host selectionbefore recommendationsin the USA can be made. There is currently renewed interestwhere species from Australia are 	 being impo,-ted for trial( Dys	art, 1991).
 
Multplica t 
 in 	 o. ibody
Multiplication of insect laren mbes equieconsidered r 


timing production of the large numbers required, problems 

feasible because 	 rolems of 

in relation to phenology in 	 ofareas of uncertain rainfalland the logistics of delivery. Pathogens are more promising for this purposeand Nosema locustoe has been commercializedAlthough 	 as a bait (Brooks, 1988).some promising results been reporteS on the North 
Althisi gughPro 

American prairies overall the results have been equivocal and trials in thereulttropics have failed. Entomopox viruses
ha e b en eporec n te N rthChare currently being investigated inthe USA but the problem of economic production in living tissue is likely 

to restrict their use severely in the near future.
For swarming populations pandl ion
and also staticpt Populations the mlotmostPromising approach to biological control a 'pearspathogens as biological pesticides. Herc for the reasons already given those
fungi which can be cultured in vitro are considered 

to be the development of 

the most promising and 
are the subject of the current programme. 


populations they merit conservation 

Since natural enemies have been shown to have an impact on acridoidand other control measures which 

have an adverse impact 
on them should be avoided or actions should be 
taken to minimize the damage. In particular it is necessary to monitor the 
environmental impact of chemical pesticides since a recent pilot study
(Everts, 1990) has shown that 	fenitrothion and chlorpyriphos, now beingaoplied for locust and grasshopper control in Africa following the banning 
of dieldrin, have adverseanentomophagous arthropods and predatory birds which are natural enemies 

effect on non-target organisms, including 
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PlantProtectionBulletin 37, 37-48.Rees, N.A. (1973) Arthropod and nematode parasites, parasitods, and predators ofAcrididac in America north of Mexico. USDA, ARS, Technical Bulletin no. 1460, 288 pp.Richards, O.W. & Waloff, N. (1954) Studies on the biology and populationdynamics of British grasshoppers. Anti-Locust Bulletin no. 17, 182 pp.Roffey, J. (968) The occurrence of the fungus Entomophthora grylli Freseniuslocusts and grasshoppers in Thailand. Journal of Insect Pathology 11,237-241.
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on 
The locust fungus, Empusa grylli, and its effects on its host. 
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A field population of(Orthoptera: Acrididae) Melanoplus sanguinipesand its parasites. (Fab.)Canadian Journal of Zoclogy 43, 
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(Forskhl), caused by nonchromogenicStevenson, strains of Serratia marcescens.J.P. (1959) Epizootology of a disease of the desert locust, SchistocercaBizio. Journal of Insect Pathology 1, 232-244.Slower, Wa. & Greathead, DJ. (1969) Numerical changes in a population of thedesert locust, with special referenco to factors responsible for mortality. JournalofApplied Ecology 6, 203-235. 
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effort in an attempt to exploit these organisms as insect control agent.;Fungal agents for biocontrol however, much more research is required and many problems must be 
solved befcre these organisms can be utilized on a larger scale for insect 

M.S. Goettel control. Recent reviews on the development of entomopathogenic fungi as
microbial control agents are those of Hall & Papierok (1982), Lisansky & 
Hall (1982), Ferron (1985), Wraight & Roberts (1987), McCoy et al.AgricultureCanadaResearch Station, Lethbridge,Alberta (1988), Samson et al. (1988) and McCoy (1990). 

Pathogenesis 

Unlike most other insect pathogens which must be ingested in order to 
invade their host, entomopathogenic fungi usually invade via the external 
cuticle (Charnlcy, 1984; St Leger, in press). The infective propagule, 
usually a spore, attaches itself onto the integument surface, germinates, and 

Abstract penetrates the host cuticle. In some instances, fungi may also enter the hostFungi have much potential to play a key role in the microbial control of 
via the digestive tract or spiracles. Once the fungus has entered the bodycavity, it spreadsgrasshoppers. Successful development of a microbial insecticide will require 

and colonizes the host's haemocoel. Some speciesproduce a toxin within the host, and in such cases, host death may be rapidcareful selection of the best species and isolate.. A brief review of the
attributes and limi'atio-is of fungi as potential micr,-ial control agents and of 
(Roberts, 1981). In species or strains that do not produce 
 a toxin, hostdeath is usually delayed and is generally thoughtthe several species of fungi commonly associated with grasshoppers are to be the result of 

presented. Unlike most other insect pathogens which must be ingested in 
depletion of nutrients. After host death, the fungi's emerges from thecadaver and,order to invade their host, fungi generally invade via the external cuticle. As 

in the presence of high relative humidity, produces more
with other biological control agents, fungi are limited by an array of biotic infective propagules on the surface.

A full understanding of the factors affecting the abilitand abiotic factors. Although more than 700 !pccies of entomopathogenic of a fungus toenter and kill its host is paramount in the development of fungi as controlfungi are known to occur world-wide, only a handful are known to affectgrasshoppers; among the most common are Beauveriabassiana(Balsamo) agents. Factors that interfere in an of the critical steps could render theVuillemin, Metarhiziumanisopliae(Metschnikoff) Sorokin andEtomophagagrylli(Fresenius)Batko. It is concluded that there is presently pathogen less efficient if not useless.an urgent need for a concerted effort to search for and isolate fungal 
Only recently have we be n tounravel the complex interactions between the host integument ancpathogen (St Leger, in press). fungalFactors affecting these interactions include 

pathogen,; world-wide. moulting, host defence i echanisms, fungal strain, presence of nutrients on 
host integument, and hu,. .lity, to name a few. Further details are given in 
the paper by Charnley (these proceedings). 

Introduction 

Host range, specificity and virulence 
The first step in the development of a microbialidentification of those pathogens which infect 

control agent is thethe pest in nature. Among Fungi have one of the widest hostthe different types of pathogens affecting grasshoppers are fungi. Fungal 
ranges among entomopathogens and, 

diseases in insects are common 
consequently, have the potential for use against most pest insects. Reportsand widespread and often decimate insect onpopulations ij, spectacular epizootics. 

wide host ranges of entomopathogenic species, however, are basedThis phenomenon illustrates the onfungal s'recies as a whole whereaspromising potential of fungi and has resulted laboratory studies demonstrate thatin a considerable research different isolates of the same species may have varying degrees of specificity; 
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isolates are generally more virulent to the host from which they werefirst isolated (Goettel et aL, 1990,q). Furthermore, fungi may even be morespecific under field conditions and especially during epizootics,Enhancement of virulence in entomopathogenicparticularly neglected fungi has been a 
general, 

area of research. It has been demonstrated that, invirulence increases fol'awing successive passage through a hostand decreases following repeated subcultunng on artificial media (Aizawa,1971; Roberts & Yendol, 1971; Daoust & Roberts, 1982). Such changeswere thought to due torecently it be gradual selection of genotypes; however,was demonstrated that levels of cuticle-degrading enzymes were
higher in conidia from infected tobacco hornworm larvae than thoseharvested from artificial culture, indicating that environmental conditions 
in which spores develop canLeger ra!., 991).world-wide,pre-adapt them for the pathogenic mode (St 

from 
Host specificity and virulence optimization need further investigationthe point of view of the range of insects infected, the virulencetowards the target host, and the biotic and a jotic factors responsible forthe extension or restriction of that virulence. Such information wouldenhance the development or choice of strains with optimal potential ascontrol agents for specific pests or pest complexesadverse effects on non-target organisms. and with minimal 

Biolc a d ab oli iimlalonsBeau 

As with other biological control agents, fungi are limited by an array of 
biotic and abiotic factors. The formerstood. They include limitationsmicrobial antagonists are still poorly underon the host integument, leaf 
age; and fungal strain. Abiotic factors 

surface or in the soil; host feeding behaviour, physiological condition and
include inactivation by sunlight, 


desiccation, 
 presence of insecticides or fungicides, and temperature andhumidity thresholds for germination and growth. Traditionally, because ofa germination requirement for free water90%, relative macrohumidity or a relative humidity of overhas been considered as the most seriousconstraint on the use of fungi for insect control. However, recent studies
indicate that fungal infections can occur at relatively low macro-humidities
(Marcandier & Khachatourians, 1987). Indicationshumidities at the surface of the host integument are that the micro-or on the foliage may besufficient for spore germination and host penetration (St Leger, in press);fungal spores formulated in oil have been shown to kill locusts at ambienthumidities of 35% R.H. (Prior et al., these proceedings).

As our knowledge 
of the biology, pathogenesis,entomopathogenic and epizootiology offungi increases, novel strategies areovercome being applied tosome of the many limitations. Through strategies such as selec-
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tion of strains or recombinant DNA technology and proper formulation,many limitations may be overcome. The recent transformation of Metarhizium anisopliae (Metschnikoff) Sorokin to benomyl resistance throughthe introduction of a benomyl resistance gene from a non-entomopathogenic fungus, Aspergillus nidL'lans (Eidam) Vuillemin is the first exampleof the use of DNA recombinant technology in an entomopathogenic
fungus (Goettel et aL, 1990b). 

Fungal pathogens of grasshoppers 

More than 700 species of entomopathogenic fungi are known to occur 
but only a handful are known to affect grasshoppers (Table

see also Prior & Greathead (1989) 
I 

Orthoptera). Furthermore, 
for a list of species recorded frommost records are based on single occurrences.There is presently a need for a world-wide concerted efffort to identify andisolate fungal pathogens of grasshoppers. 

Some promising candidates 

veria bassiana (Balsa mno)Vuiilemin 

This fungus has been developed recently as a control agent of pest insects.It is being used in the USSR for control of the Colorado potato beetle 

Table 1. Host records of fungal pathogens in grasshoppers 

Class/Species Relative abundance' Geographicalarea 

Hyphomycetes 
Aspergillus sp. 

Metarhizium anisopliae 

rare 

frequent 

SpBin
North America 
Africa, Australia, South-east Asia, 

Metarhizium flavovirideSorosporella sp. 
Entomophthorales
Entomophaga sp. 

entomop lexaga)grli 
(species complex) 
'Abundance 

rare-' 
rare 

re 
frequent 

Ecuador, Africa
USA, Africa 

indonesia 
Africa, AJstralia, Europe, North 
America, South-east Asiabased on numbers of host records from various sources-This assessment may need to be changed in the light of recent discoveries in Africa. 
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(Leptinotarsadecemlineata(Say) (Coleoptera: Chrysomelidae)) and in thePeople's Republic of China for control of the pine caterpillar (Dendroimuspunctata(Walker) (Lepidoptera: Lasiocampidae)). Other isolates are beinginvestigated as potential control agents of other pest insects, includingL. decemlineata, fire ants (Solenopsis spp. (Hymenoptera: Formicidae)),
black vine weevils (Otiorhynchus sulcatus (Fabricius) (Coleoptera:
Curculionidac), and citrus root weevils (Diaprepes spp. (Coleoptera:Curculionidae)) (McCoy, 1990). Although this fungus has a very wide hostrange, with over 700 insect species being susceptible, recent researchindicates that certain strains of the fungus aie much more .,ost specific
(Goettel et al, 1990a).

There are several records of B. bassianainfecting grasshoppers (Table1; Dresner, 1949; Macceod, 1954; Humber & Soper, 1986; Li, 1987;Moore & Erlandson, 1988) and it has been documented as the cause of anepizootic in a swarm of red locusts (Nomadacris septemfasciata(Serville))in South Africa (Schaefer 1936). Some recent experimental studie. have 
also demonstrated its pathogenicity to grasshoppers under laboratorycondtios ( die 987; Mooe &1960;& areaconditions (Marcandier & Khachatourians, 1987; Moore & Erlandson,1988). 0I.Ne
st.,:eptib~e to arecent research has shownstrain of B. bassianaisolatedthat

fromgrasshoppers are highlya dead grasshopper inMontana (Johnson e,"al., 1988). Grasshoppers that were fed wheat leavestreated with spores produced from a Mycotech isolate died within 10 days.
In subsequent laboratory dose-mortalit-,sprayed in water or applied tests, spores of B. bassianaon lettuce disks were found to infect and killgrasshoppers of other species and ages at economically reasonable levels ofapplication. Experiments in which third-instar grasshoppers were fedlettuce disks treated with droplets of spores indicated mortality of over60% at one million spores per hopper (Goettel & D.L. Johnson, un-published data). 


Although B. bassiana may infect 
 insects via the respiratory system(Clark et aL, 1968) and alimentary tract (Gabriel, 1959; Bao & Yendol,1971; Broome et aL, 1976; Yanagita, 1987), penetration through theexternal integument is the most common route of invasion (.',y & Fargues,1977; Pekrul & Grula, 19-9; Atuaherer & Doppelreiter 1982; Allee etal., 1990). The route of invasion in grasshoppers is unknown; however,

histopathological studies 
 are under way in Lethbridge to determine themode and site of infection in grasshoppers. Such information may greatly

aid in the selection 
 of the most effective methods for host targeting,product formulation and field application.MycoechCorpraton,utt Ml'(se Goetel& Rot teseepThe development of methods for the mass production of this strain by
Mycotech Corporation, Butte, (see Goettel & Ro!
ings) IT, airts,these proceed-
has allowed preliminary field trials to be conducted against grass-
hoppers in Alberta, Montana, Saskatchewan (C. Bradley, M.A. Erlandson,Goettel and D.L. Johnson, unpublished data), and Mali (see Johnson etaL, 
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these proceedings). These applications included treatment of caged grassand crop, and also treatment of whole fields, using bran bait and oil-based spray formulations. Economic analysis by Mycotechsuccessful, an application rate of 
has indicated that, if10" conidia/ha can be competitiveprice with chemicals currently used for grasshopper control 

in 
in the United 

States.
 

Aetarhiziumanisopliaeand M.flavovirideW. Gams & J. RozsypalAsd on a wide scale in Brazil to controlA. anisopliac is presently the use
 
sugarcane spittle bug (Mahanarvaposticata (StAl)) (Roberts et al., 1991;Mendonca, these proceedings); M. flavoviride has been successfully fieldtested against the rice brown planthcpper (Nilaparvatalugens (Stll) in thePhilippines (Rombach eoa!., There1986). are numerous records ofM. anisopliae from grasshoppers world-wide (Table 1; Balfour-Browne, 

Veen, 1968a; Humber & Soper, 1986) and it has been documentedas causing an epizootic in a swarm of dsert locusts in Ethiopia (Balfour-
Browne, 1960). M. flavoviride was isolated from a grasshopper in theGalapagos Islands (Evans & Samson, 1982). Although this fungus has notbeen observed causing an epizootic in grasshoppers, recent laboratorystudies have demonstrated that it is highly virulent against locusts (seePrior et a., these proceedings).

There have not been any field tests to evaluate the potential ofM. anisopliaeor M. flavoviride against grasshoppers. However, suchare warranted. M. anisopliae can 
tests 

be cultured tsing the solid-statefermentation technology developed by Mycotech (C. Bradley, pers. comm; 
b -teh mosicsedby Mendonqa (these proceedings). Laboratory :tudies have demonstratedthat Al. anisopliaeconidiaingested by desert locusts are killed by antifungaltoxins produced by the gut bacteria axenic locustspcst-inoculation succumbed to 

which were starved
the disease (Dillon & Charnley, 1986).Therefore. an innovative strategy for formtlation of Al. anisopliaewouldbe to incorporate both an antimicrobial and stomach poison which wouldallow the fungus to penetratt via the gut 

IEntoniophaga grvlli (Fresenius) Batko .,nplex 

rizois in obaegrasshopperdie (ahgnrsble
epizootics ingrasshoppers ;Saf1 ckfor eruporld-gid de(Table 1;Skaife, 1925 Pickford &
n 
Riegert. 1964: Roffey,Erlandson 1968; Milner, 1978, Chapmanet aL, 1988). It is regarded & Page, 1979:grasshopper populations, oftet, as the key factor regulating man%reducing populations to below economicthresholds. For instance, an epizootic in the clear-winged grasshopper 
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(Carmnulapellucida (Scudder)) in the
in the required insecticide control 

19 60s resulted in an 80% reductior 
costs of previous years saving farme,epizootics require relatively 

$30 million (D.L. Johnson, pers. comm.). It is generally believed that SUch 
humid environmentsformation; with frequent dewhowever, epizootics sustained in very dry environments havebeen recorded (R.S. Soper, R.A. Humber & B. Martinell, unpublisheddata as cited by Soper et al., 1983). Several years of data from grasshopperpopulations in isolated mountain valleys of Arizona suggest that abination corn-of host and pathogen density-dependit

dynamics, relationships, spatialand varying environmental conditions regulate disease 
prevalnce (R.S. Soper, unpublished data as cited by Carruthers & Soper,
1987). More research is needed to fully elucidate the epizootiology of Ifungus. (See also Par~so et al., these proceedings). 

Grasshoppers succumbing to E. grylli climb to theand die in the late afternoon top of vegetationwith their heads pointing upwards (Skaife,1925; MacLeod, 1963). Cadavers remain on the vegetation until they areeither blown away by the wind or are washed off by rain. Soon after death, 
if the humidity is very high, fungal mycelia emergesegmental membranes and 

through the inter-gradually encompass
mycelium produces 

the cadaver. This numerouswhich are conidiophores which give rise to conidiaforcibly discharged, showering many of the grasshoppers in the 
area. Conidia germinate on the host cuticle and penetrate into the grass-hoppr. Some cadavers killed by the fungus produce resting spores whichdevelop within the host body. These are long-lived and initiate the diseasecycle in another season. 

Although presently recognized as a single species, E. grylliis actually acomplex of pathotypes or possible species. These pathotypes may berecogniized
Ramoska by host specificity andet al., 1988). The isozyme patterns (Soperexistence et al., 1983;of such great genetic variabilitythroughout this taxon offers the potential for its use for classical biological
control; recent work by Carruthers et al (1991)
of a particularly virulent pathotype of E. grylli from Australia for release in 

is aimed at the importation 

the USA. 


A 98l. thoducEs gli cne wniveir spoola Mcedevitro method for spore production can be developed,
al, 1980), it produces infective stages only in vivo. Therefore, until an inmicrobial insecticide would require mass 

use of this fungus as a
production in vivo (see Goettel &Roberts, these proceedings). It may be possible to theinoculative approach in order to initiate epizootics. use E. grylli in 

Fungal agents for biocontrol 

Conclusions 

Fungi have the potential to play agrasshoppers. However, 
key role in the microbial control ofour understanding of the epizootiology of fungaldiseases is rudimentary; much research is needed before we canfully use a fungus successsuch as E. grylli topopulations. Furthermore, cause epizootics in grasshoppervery few fungal isolates from grasshoppersavailable. areSuccessful development of a microbial insecticide will requirecareful selection of the best isolates. There is presently an urgent need for aconcerted effort to search and isolate fungal pathogens from grasshoppersworld-wide - and the joint IIBC/IITA/DFPV programme provides anexcellent opportunity to do this. 
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Abstract 
Zonocerus variegatus(Linnaeus) is a very prevalent grasshopper species inBenin and forms a major focus of present ecological studies on grasshoppers.
Parasites found so far include mites (Trombidiidae), the calliphorid fly

Blaesexiphafilipjevi(Rohdendorf 
 and mermithid nematodes. The

nematodes also attacked Eyprepocnemisploransornatipes(Walker).

Quantitative studies on B. filipieviare reported. Fungal infestation by
Entomophagag-ylli (Fresenius) Batko on Z. variegatuswas observed in four
regions. Several isolates of Beauveriabassiana(Balsamo) Vuillemin have
been obtained from Z. variegatus.Some preliminary observations on other

species of grasshoppers have been made. Z. variegatus,Oedaleusnigeriensis
Uvarov, E. ploransornatipesand several species of locusts and grasshoppers 
are being bred for pathology studies. 

Introduction 

Locusts and grasshoppers pose a continuing threat to food production inseveral African countries. An average swarm of locusts contains, in eachsquare kilometre, million20-50 insects weighing 40-100 t which can 
consume 40-100 t of vegetation per day. During a plague of locusts aswarm may cover a total area of several thousand square kilometres
(Courshee, 1990). However, locust plaaiies occur sporadically while grass
hoppers are more consistent in their occurrence in s.wveral countries,
including Benin. 

Zonocerus variegatus (Linnaeus) is the most important grasshopper 
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pest in Benin. The most heavily infested areas, covering the four southern 
provinces, are about 150,000 ha (Anon., 1986); but the insect occurs
throughout the country, particularly in riverine habitats.Other grasshoppers affect crops in i orthern Benin along the banks ofthe Niger river (Coffi, these proceedings). To date, the only ofmeanscontrolling these pests has been to use insecticides (e.g. propoxur andfenitrothion) which are toxic to non-target organisms. With qiI increasingawareness of environmental problems associated with the use of chemical
insecticides, it is important to consider non-chemical alternatives,Numerous efforts were made to control locusts and grasshoppers withmicrobial agents, during the erd of 19th century and the first half of the20th century (Streett & McGuire, 19'0). Several pathogens have beenisolated from grasshoppers by ditierent authors; microsporidians (Canning,1953; Henry, 1967, 1971); viruses (Henry & Jutila, 1966; Henry et aL,1969); bacteria (Stevenson, 1959); fungi (Chapman & Page, 1979); andnematodes (Denner, 1976). 


Ecological studies on 
Z. variegatusand its natural enemies were madein West Africa by Chapman & Page (1979); work by other authors hasbeen reviewed by Chiffaud & Mestre (1990). No studies on the ecology ofZ. variegatus in Benin have been reported previously. The present studyconcentrates on the effects of parasites and pathogens.
Other species of grasshoppers have been little studied in Benin,although Fishpool & Popov (1984) provided an annotated species list. 

Materials and methods 

Atlantique, Mono, Zou and Ouem& Densities of Z.
Surveys took place every month inthe four provincef- fsouthern Benin;
variegatusand u.grasshoppers were recorded per square 

-!r 
meter (Lecoq & Mestre, 1988).Information on host vegetation and damage was recorded. Collected 

Z. variegatus and other grasshoppers were brought to the laboratory and 

placed inca ,-.:s
to check for mites, parasitoids, nematodes and pathogens
(Oma etal., 1990). Samples of grasshoppers were dissected to evaluate theparasitism by flies and nematodes (Taylor, 
 1964). Diseased and dead
grasshoppers were dried and incubated in moist petri dishes to look forfungi; tissues from dead and moribund grasshoppers were examinedmicroscopically for other pathogens. Where disease symptoms wereevident in the field (e.g. of Entomophagagrylli), counts were made of thenumber of diseased insects/m 2 to obtain approximate estimates of percent-
age mortality. 

The ecology ofZonocerus variegatus in Benin 

Results 

Maps of the areas infested by Z. variegatus at high ( > 20/m 2)and mediumdensity (5-20/M2 ) are shown in Fig. 1. Oedaleus nigeriensis Uvarov wasdiscovered in high densities of up to 5-7 adults/m 2 and 3-4 larvae/m 2 insome areas. Eypreprocnemis plorans ornatipes was the second mostcommonly encountered grasshopper in southern Benin after Z. variegatus,
although it was never present at high densitie,;.


In the Lama forest Zou Province, the density of Z. 
 variegatuswas 275larvae/m 2 in October Oefore the start of the survey, but decreased inNovember (Fig. 2). After November the density increased again due torecruitment of newly hatched larvae. Porasitism by mites reached 30%December and 55% in March. In March up 4i .ate: 
by 

to were counted on one grasshopper. This period coincided with the ovipositien periodwhen most of the adult Z. variegatusare crawling on the soil. By 15 April,the next generation of newly hatched larvae was present. Parasi'ism byBlaesoxipha filipjevi (Rohdendorf) (Diptera: Calliphoridae) wis firstnoticed at the end of January and reached 15% by February, and 50% bymid-April (Fig. 3). In the Lama region, fungal infection by Entomophagagrylli (Fresenius) Batko was not observed during our surveys. However, inCovd region, epizootics of E. grylli occurred and led to 90 to 95%mortality of the population of Z. variegatus.The density of the dead grass
hoppers reacheo 1O/m 2 .In Mono province, high densities of Z. variegatus occurred in Lalo,
Aplahoue, Athieme and Djakotomey. In Aplahoue the density was 380 
larvae/mincrease in parasitism by mites and flies (Fig. 3). No fungal infection 

2 in November, this decreased to 40 in January, coinciding with an 
was 

recorded,and parasitism by nematodes inthis region was
observed very low level of parasitism by very low.We alsothe mites which increased inJanuary, and in March reached 15%. Parasitism by B. filipjevi also began
in January with 10% and increased to 22% by March (Fig. 3).
Iesecond region inwhich a high level of infestation of Z. variegatus
 

by E.grylli was observed was Ouem6. 
Here the level of parasitism by
B. filipjevi increased from 0% in December 1990 to 50% in March 1991(Fig. 4). At the end of this generation the complex of parasites andpathogens decreased as the Z. variegatusdensity fell below 10/m 2 . In thisregion, mites parasitized 10% of Z. variegatus in January, increasing to20% by March. The fungus L. grylli killed up to 80% of the Z. variegatuspopulation in Sakete region decreasing the population density to 7 /m 2 .In Atlantique province, one mostof the infested regions is Niaouli, 

where the population density was more than 275 per m2 in November. Thelevel of parasitism due to mites was 3% in November and rose to 30% inMarch. In region killedthis E. grylli 95% of the population of 
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Figure 2. Density and level of parasitism of Z. variegatus in Lama, (ZOU Province). 

Z. variegatus during February. Two isolates of Beauveria bassianahave 
been found in this region. The high density observed in Novemberdecreased in March to less than one Z. variegatusIm'. Also in Atlantique,in ZE region, we observed an epizootic of E. grylli leading to the suppres
sion of 90% of the Z. variegatuspopulation; this was observed in bothJanuary and March. B. filipjevi parasitized 16% of the population in the area in January and 60% by March fFig. 5). In Z, the level ofparasitism due to mites was 30% in January. A third B. bassianaisolate was found about 50 km from Niaouli.In all the regions we visited, oviposition sites of Z. variegatuswere 
identified. Soil samples were taken from these different regions. 

Pathogens 

So far, three isolates of Beauveriabassiana(Balsamo) Vuillemin have beenrecovered from dead insects in the field; one was found on fifth instarlarvae and the others on adults. The regions in which they were discovered 



138 A. Paraiso. CJ. Lomer, I. Godonou & D. Kpindu 

400-
100 

- Density 

300 , -- Parasitism 80(Trombidiid) 

a Parasitism 
(B. filipjevi) -60E 

E00 

.C 

0. 

CDC 

ala 
1001
 

0 Nov-90 Dec-90 0Jan-91 Feb-91Z. vaigau in Apahu1Mar-91(MONO 
figure 3. Density and level of parasitism of Z. variegatus in Aplahou6, (MONO 
Province). 

are characterized by high levels of infestation of E. gryllLE. grylli epizootics, which seemed to have Unlike thea significant effect on theZ. variegatuspopulations, no epizootics of B. bassianawere observed in
the field. We isolated Fusariumsp. from Z. variegatus,but it did not prove

to be pathogenic on reinoculation. Laboratory tests have begun with the
three isolates of B. bassiana. 


Discussion 

Oedaleus nigeriensis has not previously been reported in southern Benin.The zone in which it was found is characterized by the presence of youngmillet and wild Gramineae. However, severe damage by this grasshopper
was not observed and the high density was very local. 
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Eyprepocnemis ploransornatipes (Walker) is the second most oftenencountered grasshopper in southern Ben.: -ifter Z. variegatus.Despite itsdensity, little damage to crops was observ-eu during currert surveys in
different localities in southern Benin.
 

A wide range of natural enemies is known 
to attack grasshoppers (seeGreathead, these proceedings). Studies on Z. variegatus in Nigeria undertaken by Taylor (1964) and by Chapman & Page (1979) showed thatBlaesoxipha filipjevi is the most prevalent parasitoid. with up to 60% of 
adults attacked. Similar levels were obser.ed in the present study, e.g. 50% 
in Ouem6 and 60% in Atlantique in March.Chiffaud & Mestre (1990) in a review of the literature concluded thatparasitized females would be unable to lay eggs and that levels of parasitism were sufficient to regulate Z. variegatus populations; however,
critical studies to confirm a regulatory effect are lacking. 

http:obser.ed
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Abstract 
Gregarious desert locust (Schistocerca gregaria Forskfl) hoppers weretreated with neem oil formulations containing different concentrations ofazadirachtin in laboratory and field trials. Effects on the colour, morphology,
and 	behaviour of the hoppers were examined. 


First and seAond instar locusts were treated with neem oil at a 

concentration ot 10 I/ha. Their aggregation behaviour was tested in small 
arenas after each mouit following the treatment. The capability of the treatedadults to aggregate, especially in larger groups, was significantly reducedcompared to the untreated control. 

For cage trials in the field, two neem oil form,'lations containing 0.2%and 0.4% azadirachtin, respectively, were each sprayed on 600 third instar 
hoppers which were then separated in four cages containing 150 hopperseach. An untreated control was also replicated in four cages. Each surviving
locust was observed daily for damage to antennae and legs and for colourchange. The results clearly show differences in the proportions of damage toantennae in the fifth instar and the adults. In the fourth instar, proportions of 
yellow hoppers w cre higher in the treatm ents com pared with the control. Inthe fifth instar green coloured hoppers were found in higher proportions thanin the controls. Positive correlations between the green (solitary phase)
colour and antennae damz,'e were observed in the fourth instar in thetreatments and the control. L; the fifth instar strong positive correlations
could be found between the green colour and damaged antennae or legs inthe treatments and the control. 

Neem oil treartment on the des ert loctLvi 

Introduction 

The 	neem tree (Azadirachta indica), indigenous to Buri,,a and India, is now very common in Africa, especially in the sahelian region. Theproperties of this fast-growing tree are various. In India, neem products arecommonly used for medicinal purposes and soap production. T',e timber istermite resistant and because of its drought resistance, grows well in arid 
zones. With regard to plant protection the secondary compound azadirachtin, 	 a triterpenoid, is most interesting. Azadirachtin affects insects in 
differ.,t ways (Schmutterer, 1990). 

Compared to other insect species, Schistocercagregaria(ForskAl) seems 
to be extremely sensitive to azadirachtin (Nicol, 1991). 

Material and methods 

Formulation 

In the laboratory trials pure neem oil with an azadirachtin content less than0.05% was used to avoid high mortality and therefore allow a range of sublethal effects to be studied. In the field, oii enriched with methanolicextracts from cakeneem (residue of the oil pressing) was sprayed atazadirachtin concentrations of 0.2% and 0.4%. 

Experiments 

Behaviourtrials 

In the laboratory on a small scale, a design airbrush was used as a sprayer.
100 first and 100 second instar hoppers in the gregarious phase 
 wereplaced in a 25 X 25 X 40 cm glass tray in the middle of one square meterof ground. The area was sprayed with one ml neem oil. After each moulto h 	gr o n T h aea was s wihod m il . o e t moultted t 

the aggregation behaviour was A
tested. method similar to Gillet (1973)was 	used in this trial. The groups 'treated as first instar' and 'treated as .-econd instar' were studied separately. After each subsequent moult tentreated and ten untreated hoppers were placed in a round arena 30 cm (forthe second to the fourth instar) or 45 cm in diameter (for the fifth and theadult instar). The observations were made under natural light conditions in 
a greenhouse at a temperature of 28'C. T'he locusts were crowded together and 30 min later when they had settled down, a photograph was 
taken and they were crowded again. Further pictures were taken in the same way after 60 and 90 min. The pictures were analysed in two ways.First, the aggregation behaviour in general was 	 evaluated by counting 
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 145locusts sitting together at a distance, less than one body length. Secondly,

their capability to aggregate in larger groups Treated as 1st instarwas evaluated by counting
locusts sitting together in groups of more than three individuals. The counts 
 nfor the three replicates (30, 3060, 90 min) were added. Each trial was
 
repeated ten times.
 

Semi-field trials 
The aim of these t, als was to analyse effects of neem oil treatments undersmall scale field conditions and to test the above mentioned enriched neem treated 
oil formulations. For this purpose small mosquito screen cages untreatedwith1.5X 1.5 10em ground surface and I m height were installed in a cassava field.Two cassa.a plants in each cage provided shelter. Because of the highcyanide content of the cassava these plants were not eaten. Two neem
formulations containing 0.2% and 0.4% 

oil
 
azadirachtin were tested on latesecond and third instar hoppers. 0 2 3 ,For oil application, a Micro-Ulva sprayer with a red restrictor loaded 


with five batteries, providing a flow rate of approximately 20 ml/min and a Figure 1. Number of grouped locusts in each instar. 
ad instar
 

droplet size of 80-100 jim was 
used. For each treatment 600 third instarFiue1Nmbrfgopdlcutinahisi.hoppers were sprayed in a 25 m2 arena using a dosage of 10 I/ha. After thetreatment, the hoppers were separated in groups of 150 individuals and
placed in the cages. Four cages with untreated controls were also installed.
Then the instar, colour (black-brown, green, Treated as 2nd instar
yellow) and morphological
damage (antennae, legs) to each surviving locust 

n 30 
were recorded daily
during a 33 day period until all locusts were adult.
 

Results 
20 

Behaviour trials 
treatedThe results for both groups 'treated as first instar' and 'treated as second 10 untreatedinstar' were very similar. During the larval instars there were no significantdifferences in aggregation behaviour, while for the adults the number oflocusts was significantly (P < 0.05, Wilcoxon Signed-Rank Test) lower in adistance closer than one body length (Figs 1 and 2) and the number oflocusts in groups of more than three individuals was highly significantly 0 

2 3lower (P < 0.01, Wilcoxon Signed-Rank Test) (Figs 
4 5 Ad instar3 and 4) than in the 

controls. The medians of the ten replicates are shown in Figs [-4. Figure 2. Number of grouped locusts in each instar after treatment. 

Semi-field trials 

The first effects on treated locusts could be expected in the fourth instar,i.e., after the first moult following the treatment. Since adult locusts have 
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Treated as 1st instar different colour characterisics from nymphs, the colours were not evalu
n 30 ated. For the presentation of results, the three day moving averages of 

proportions of damaged and differently coloured locusts are shown in Figs 

5 to 8. To avoid misinterpretation, only those values from the period when 

> 50% of the population was in that instar (indicated in each case by the 

20 dotted lines) should be examined. Outside of these values proportions 

could result from low numbers of locusts. The values of the replicates, for 
the days representing 50% of the population maximum were utilized in a 

treated one factor analysis of variance (Scheffe F-test and Dunnett t-test). 

10 untreated Morphologicaldamage 

Fourth instar 

was no significant difference between the treatments. 
0 lThere 


1 2 3 4 5 ad instar Fifth instar
 

On the 14th day the damage to antennae in the 0.4% treatment was signifi-
Figure 3. Number of locusts in groups composed Of more than three specimens in The damage to antennae in th e treatment was also0.2% significantly<a0.tenn in tlsoeach nsareaantyhger to a the 0.2% treatment an sinfcntly 

higher than in the control of (P < 0.05). 

On the 25th day the 0.4%, treatment and the 0.2% treatment differedTreated as 2nd instar 
significantly from the control (P < 0.05) (Fig. 5). 

There were no significant differences in the damage to legs.n 30 

A dudts 
On the 25th day damage to antennae was significantly higher in the 0.4% 

and 0.2% treatments compared to the control (P < 0.05) (Fig. 6). Damage20 
to legs differed only significantly between the 0.4% treatment and the 

control on the 25th day in the fifth instar (P < 0.05) (Fig. 6).Utreated 
untreated Colours10 

Fourth instar 
On the 14th day the proportion of yellow coloured locusts in the 0.2% 
treatment was significantly higher than in the control (P < 0.05) (Fig. 7). 

2 3 4 5 ad instar Fifth instar 

On the 14th day the proportion of yellow coloured locusts in the 0.4% 
figure 4. Number of locusts in groups composed of me than thre treatment was significantly higher than in the control (P < 0.05) (Fig. 8). 
each instar after treatment. On the 25tl- y the proportion of green coloured locusts in the 0.2% 

treatment and tlt,: control (P < 0.05), and the 0.4% treatment and the 
control differed significantly (Fig. 8). 
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Ne.., oil treatment on the desert locust 153yretoA significant correlation was foundWhen the proportions of different coloured locusts are plotted against th, 
between the proportionsyellow coloured and the proportions of the locusts with antennae damagesproportions of locusts with damaged 

of the 
in the control (r=0.7; P=0.02).antennae and the proportions

locusts with damaged legs, i;n each treatment, clear correlations can be see,oonly for the fifth ir.3tar (see Table 1). 
No significant correlation between leg damage and colour wasobserved.Fourthinstar
In 

IneFifth instar
tions 
the fourth instar significant positive correlations between the propor-of green coloured locusts Fifth inslar thand the proportions of locusts of green locusts have 

reu s weewith m r ob i u. asgnificant positive correlation,damaged antennae tisc whilehtthe proporwas found arin the 
tions of the yellow Coloured locusts have a significant negative correlation,0.4 % (r= 0.7 8; ( P < 0.0 1) treatm en t. 

control (r=0.7; P=0.01) and the menwithmts.tthen hrproportions of locusts with damaged antennae in all three treat-

Table 1. Correlations between proportions of different coloured locusts and 
Exactly the same is true for the correlations between the proportions ofproportions of locusts with damaged antennae or with damaged legs ineach 

green and yeilow (except yellow in the control) coloured locusts and theproportions of locusts with damaged legs (see Table 1).
treatment, in the 5th instar. 

Discussion 

Correlations 

Proportion damaged antennae s r The experiments show that damagenymphs.
Control pto It was observed that to extremiiies, caused by neem, leads

yellow 
a change of colour in locust hoppers towards green, the colour of solitary 

this solitarizing effect also-0.55 behaviour. It is known from the literature (Mordue, 1977) thatlocusts0.04 influences the 
green at a certain population density0.84 <0.01 may produce a gregarization

0.20% pheromone whichbrown/blick may be perceived by the-0.29 zatennae.yellow 0.15 If the neem-0.86 <0.01 treatment causes damage oil 
to the antennae,green the affected locusts are no 

longer abie to receive this pheromonal input and show a tendency towards0.81 0.01ryellow solitarization. Since the change of colours in locusts treated with neem oil is 
-0.71green 0.010.82 0.01 much morebrown/black antennae cannot be 

intensive than in locusts with amputated antennae, damage togreen/black -0.52 -0.82 0.130.1 also contribute to this 
only explanation for solitarization (Schmutterer &Freres, 1990). The de nheromcnon (Rembold, 1986). For practical locustProportion damage - ofjuvenile hormone titres in treated locusts maylegs 

Control 
yellow control, a solitarizing eiiect-0.55 C.04 as found after neem oil application could playgreen 0.84 an important role.<0.01

0.20% brown/blackyellow -0.29-0.86 0.15<0.01 Acknowledgmensgreen 
0.81 

0.01
.4%browvn/black yellowgreen -0.710.82-0.19 0.010.0104 These studiesbrown/black were conducted at the Interpivonal Institute of Tropical-0.52 Agriculture, Biological Control Program, Cotonou, Benin, in collaboration0.13 with the University of Giessen, Germany and the Deutsch Gesellschaft fOr 

Technisch- Zusammenarbeit in Eschborn, Germany. 
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Panel discussion: precis
 

Mr Niassy asked about egg parasites, the possibilities of fungal epizootics inthe desert and the cost of formulations of fungal pathogens. Dr Greatheadreplied that there was little possibility of manipulating egg parasitoids ascontrol agents. Cn.cerning epizootics in the desert, Dr Goettel mentionedthe possibility of conditions of high humidity following rain. Dr Prioradded that formulating fungal spores in oil would reduce the requirement
for high humidity; the cost of additions to the formulation, such asstabilizers, would be minimal. 

Mr Adam commented that in Togo, Verroniasp. was found to act as atrap plant for Zonocerus "ariegatus.Dr Paraiso replied that this had not
been tried it' Benin. M: .Saizonou (Benin) commented that parasitism ofZonocerus variegatus bui!ds up towards the end of the season. It is notclear whether the parasitic fly Blaesoxipha filipjeti has an effect on the
population or not. 

Captain Kitenda asked about the time to kill, and the survival ofmicrobial control agents in the field. Dr Henry replied that while fungirould cause mortality in a few days, agents such as Noserna took severalweeks. Activity of the miciobes is reduced after 4 to 6 days; Nosema 
spores can persist for one year in the field, but cause insignificant mortality
by that time. 
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Abstract 
An effectivc biopesticide must be based on a pathogen isolate with high
virulence to the target pest, an acceptable host range and proven safety.
Isolates of Meiarhiziumspp. with virulence to the desert locust, Schistocercagregaria(Forsktl), have been obtained both from within its known 
distribution and also outside it. All isolates with high virulence have beenobtained fram Orthoptera, but not necessarily from acridids. However, inother studies highly virulent isolates have been obtained from insectstaxonomically unrelated to the target. Although such 'new encounter' isolates may be found they may be difficult to use because of quarantine concerns
about their release in a new environment and their impact on non-targetorganisms. All isolates used as biopesticides 'or pest control must be provenharmless to the environment, and this will require the use of biochemical and
genetic 'fingerprinting' in field tests to distinguish them from indigenousisolates already present. Concern may also be expressed over the :tability ofisolate genotypes which survive after application. Instability in Melarhizium spp. may arise either from mutation or from recombination via theparasexual cycle, but evidence suggests this may be rare under field
conditions and restricted by incompatibility mechanisms. The known factsconcerning the nature, geographical range and stability of genotypes in
Metarhiziumspp. do not support restriction on the distribution or use of
these fL igi for pest control. 

Introduction 

Locusts, especially the desert locust, Schistocerca gregaria(Forskal), andgrasshoppers, including Oedaleus senegalensis (Krauss), Hieroglyphyus 
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Disco very and characterizationoffungalpathogensspp. and Kraussaria angulifera (Krauss), are major pests in the Sahel andduring plague years the desert locust may also cause damage to the more 	
in which it must be used. If the chosen isolate is exotic to the country whereit must be used, it will be prudent to obtain quarantine clearance prior tohumid zones of Africa and Asia (Brader, 1988; Steedman, 1990). Pyrgor-
morphids, especially Zonocerus variegatus (Linnaeus), may also be targets 
import (Greathead & Prior, 1990).


In many countries, pathogensfor control. Grasshopper control costs in 1986-87 amounted to USS62 
are subject to requirements for registra

million (Brader, 1988). International donor contributions 
tion before they can be used in the same way as pesticides. The requireto 'esert locust menes include bothcontrol during the last plague 1985-89 were USS275 million (Anon., 1990). 

mammalian safety testing, and environmental safety.The latter involves assessmentThe scale of the problem is immense and the volume of chemical pesticides of the impact on non-target organisms and
used in control has of environmental contamination. An essential part of any work to meet thecaused great concern to donors and
countries (Anon., 1990). 

the afflicted 	 registration requirements will be adequate techniques to monitor the 
The collaborative research programme for biological control of locusts 

impact of the fungus after use. Since the species of Metarhizium and 
and grasshoppers being car'ied out by IIBC, IITA 

Beauveria are ubiquitous, a test is required to distinguish ie test genoand DFPV seeks todevelop pathogens as biological pesticides which may be integrated into the 
type from those already present in the test ecosystem. This requires characterizationexisting control infrastructure and thereby lessen the dependence on 

of the isolate using methods other than classical morphologybecause morphological criteria are insufficient to separate genotypes at thechemical control. The pathogens which have the most potentialmembers of the entomopathogenic Deuteromycotina, 
are 	 sub-specific level.because these

organisms are readily produced on 	
There are thus three questions to be answered with respect to selectionsimple culture media, have a proven

spraying using 	
of the best isolates for development:safety record controlledformulable application pesticides at ultrasi-d are droplet as biologicaltechnology suitable lowfor
 

sprayinglu ( sing cLV ofe 
1. where is the best place to seek the required virulent isolate?
rlle 1-2(< plcaion technloathead, 1989. Tyvolume (ULV) 	 2. if it is exotic in the country where it mustrates of 1-2 ( <5) 1/ha (Prior & Greathead, 1989). They 	 be used, how can it behave been used in commercial pest control operations in USSR and Brazil 	 characterized so that its environmental impact, if any, can be monitored?3 if it is exotic what arefor many years. 	 the isks, if ainvolved in its use? . a ss, any,Species in the two Deuteromycete genera Metarhizium and Beauveriahave been recorded This paper discusses these questions, both in a general context and infrom a very wide range of host arthropods and there are several records from Orthoptera (Prior & Greathead, 1989). Other 
the specific context of the discovery, development and characterization ofisolates of Metarhizium spp. and Beauveria spp. for locust and grasshopperentomopathogenic Deuteromycete genera which have been recorded control.occasionally from Orthoptera include Paecitomyces and Verticiilium, but
the former includes some species pathogenic t mammals, and the latter
are slime-spored and difficult to formulate in non-aqueous diluents for Discovery  where to search?application at ULV rates. The joint programme is therefore concentratingon Metarhiziumspp., which have prcved more pathogenic than Beauveria What characteristics?spp. in assays to date.
 

The range of target species within the Orthoptera is wide. Although
locusts and grasshoppers are taxonomically related, 
In order to develop fungal pathogens for controlling insects it is necessary
there are substantialdifferences in their ecology which affect control strategies. There is much 
to select genotypes which combine the best possible characters for killing

evidence from studies on the target pest under field conditions. It is obvious that the very best canother insect pest groups that isolates of Metar-hiziurn spp. and Beauveriaspp. show considerable host specificity and will 
never be achieved because the number of genotypes available is effectivelylimitless. It is therefore necessary to decide how to sample them adequatelyeven show differential virulence to taxonomically related target pests. Boththese factors indicate a need for careful selection 
with the limited resources that are usually available. The characteristics thatof isolates with highvirulence 	 are desirable in an entomopathogenic fungal genotype canto the specific target pest under field conditions. Since it is not be divided into 

clear from the currently available information whether the best isolate for 
good production features, such as high sporulation, optimum utilization of 

controlling a particular pest will originate from that pest, or even from one 
available substrate and genetic stability, and good field performance, whichcarl be summarized as high virulencerelated 	 to the target coupled with suitableto it (Prior, 1990), it is possible that a desirable isolate may orig-inate from a country or even a biogeographical zone different from the one 
host range.

Good production characteristics can be determined adequately in the 
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laboratory. They have been reviewed frequently (McCoy et al., 1988; 
Bartlett & Jaronski, 1988). A high rate of conidial production per unit of 
substrate is very important. Conidiation in submerged culture would be 
most advantageous and is known for a few isolates of Hirsutellathompsonii 
Fisher (van Winkelhoff & McCoy, 1984) and Beauveria bassiana 
(Balsamo) Vuillemin (Thomas et aL, 1987), but not Metarhizium spp.
Stability in storage is important and Metarhizium spp., in particular, are 
prone to lose the ability to sporulate if maintained on rich media or if sub-
cultured frequently: storage in liquid nitrogen is recommended to avoid 
these changes. The main requirement for selecting optimum production
characters is a wide range of genetic diversity to choose from, but criteria 
for identifying these characters in the field are difficult to define. 

Virulence under field conditions is determined by a complex of 
characteristics, not all of which can be quantified under laboratory condi-
tions. The terms virulence and pathogenicity are often used interchange-
ably and it is worth noting that there are clearly defined differences, at least 
in plant pathology (Talboys et aL, 1973): 

* 	 pathogenicity is the ability to cause disease and is used as a qualitative
description of a genus or species. For example, M. anisopliae 
(Metschnikoff) Sorokin is pathogenic to a wide range of arthropods

* 	 virulence is a quantitative measure of the capacity of an individual 
pathogen genotype to cause infection. Thus one may have an avirulent 
isolate (genotype) of a pathogenic species with respect to an individual 
host: many of the isolates tested against Schistocerca gregariain the 
current programme have had little or no virulence to that host, but are 
none the less pathogenic because they are virulent to other hosts 
When selecting for virulence in isolates for mycopesticide deve!op-

ment, not all determinants may be relevant. Adhesion may play an 
important role in the natural infection process. However, the mechanical 
requirement for adhesion is circumvented in a contact biopesticide 
formulation by applying the conidindirectly the cuticleto in a diluent. 
Similarly, the ability to produce conidia under dry conditions would be 
advantageous in the field because this would extend the time period in 
which natural spread would occur. The use of the fungus as a biopesticide 
also circumvents this requirement, since the conidial inoculum is producedartificially.Orce 

In the current programme for locust and grasshopper control, con-
siderable effort has been made to search for new isolates in the breeding 
grounds of the desert locust and the main grasshopper species. A major 
reason for this is the existence of evidence for differences in temperature 
optima among isolates. McCoy et al. (1988) noted that entomogenous
fungi are mesophiles with temperature optima in the 20-30C range. 
However, Milner (1989) noted the existence of a high-temperature isolate 

Discoveryand characlerizationoffungalpathogen.A 

of M. anisopliaeattacking termites from northern Australia which had an 
optimum of 30C and could sporulate at 3TC. Rath et al.(1990) reported 
a 'cold-active' isolate DAT F-00 I of M. anisopliaewhich is under develop
ment for control of the pasture pest Adoryphorus couloni (Burmeister) 
(Coleoptera: Scarabaeidae) in Tasmania. Thus genotypes discovered in hot 
dry climates are more likely to be adapted to those climates. 

A very high temperature optimum wuld however be undesirable 
because the risk of mammalian infection would cause great concern. Most 
isolates of Metarhizium spp. and Beaueria spp. show reduced or no 
growth at 37C. It is not clear whether the hot- and cold-tolerant isolates 
obtained by Milner and Rath are stable for the temperature tolerance 
characteristic. This has been examined in other fungi and Burnett (1983)
discussed warm-environmental and cool-environmental 'races of Helmin
ihosporium maydis (Nisikado), the cause of southern corn blight in the 
USA. These -verenot stable and adapted to the alternate regime if exposed 
for 6-7 generations. There is thus a distinction to be noted here between 
selecting an existing isolate with an ecological adaptation to the higher or 
lower end of t! e mesophile range (as in H. maydis) ?nd an attempt toextend that range beyond its limits by culturing and selecting at very high 
temperatures. It is not clear if the latter is possible and Milner's high 
temperature isolate may represent the limits of what is available. 

Isolates of Metarhizium spp. or Beauveriaspp. with tolerance of low 
humidity do not seem to have been detected, but Drummond et aL (1987)
detected ability to grow at unusually low humidities in an isolate of 
Verticillium lecanii (Zimmermann) Vigas from aphids, suggesting that 

this trait would be worth seeking in other entompathogens. 

'New encounter' or old association'? 

The successful use of natural enemies for biological control was pioneered

by entomologists and initially concentrated 
 on the use of parasitoids or
 
phytophages from the centre of origin of an insect pest or weed to control
 
the pest in an outbreak area from which the natural enemies 
were absent.
 
This 'classical' approach has been extended recently to the use of
 
pathogens, particularly rust fungi, for weed control but has very rarely been
 
attempted with pathogens for insects - the baculovirus of Oryctes is an 
exception. sa

In the 1980s there has 	 been considerable debate about therelative merits of old association versus new encounter agents for classical 
biocontrol (liokkanen & Pimentel, 1984; Waage, 1990). The old associa
ion agents are those that ha e co-evolved with the target. They thus tend 

to have a high specificity, but some have suggested that they also have a 
lower impact because they have reached an evolutionary equilibrium with 
the host. By contrast, new encounter agents may have a devastating impact 
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but by their nature cannot be specific, because they must occur on at least 
one other host, the one on which they existed before the new encounterhost arrived. There are not yet sufficient data to decice which of these twoalternatives will provide the 'best' pathogen for development as a myco-pesticide, but there are important implications in seeking a new encounterisolate.

The current research programme is concentrating on searches in themajor breeding grounds of the desert locust, on the assumption that themost likely place to find isolates which combine virulence with host
specificity is where the host is most constantly present. In the case of thedesert locust the difference between old and new encounter pathogens isobscured by the locust's migratory habit, and it is likely that isolates might
be obtained from anywhere within the plague area where breeding occurs.However, the greatest likelihood of finding locust-adapted isolates must 
still be in the areas where locusts occur most frequently.

There are acridid species in all hot, dry climates similar to the environ-ments where the desert locust occurs, and in the New World there are 
many other species of Schistocerca. Since the range of hosts to which 
isolates of Metarhizium show virulence is usually wider than a singlespecies, and often wider than a genus, it would be predictable that isolateswith virulence to S. gregaria would be found both among New World 
Schistocercaspp. and among related orthopterans. While it is too early todraw conclusions, it isnotable that all isolates of Metarhiziumspp. which
have shown high virulence to S. gregariaduring the current work haveoriginated from Orthoptera. These are listed in Table 1. It is also notablethat not all isolates from orthopterans are virulent: a M. anisopliaeisolatefrom an acridid in Pakistan and a B. bassiana isolate from Zonocerus 
variegatus in Benin notwere virulent to S. gregaria using the standard 
bioas!ay.

To dte, no examples have been found of non-orthopteran isolates ofBeauveria spp. or Metarhizium spp. with high virulence to S. gregaria.
However, Prior (1990) noted many examples from the literature where thiswas the case for other target insects (Table 2). Of particular interest is the 
routin'e use at the University of Bath of M. anisopliae isolate ME1studies on infection processes in several insects including S. gregaria:this 
isolate originated from the pecan weevil 

for 

Curcutiocaryae (Horn) (Coleoptera: Curculionidae) in the USA (Dillon & Charnley, 1986), neither a hostnor a country ever encouritered by S. gregaria.This and other virulentisolates from non-hosts will be included in the current assays.It would appear that a search among isolates from the target host andits relatives will reliably yield examples with high levels of virulence. Thedetection of high virulence in ARSEF 324 from Patanga guttulosa(Walker) is -in example of a new encounter, albeit from a related host. Thepossibility ;.iat
isolates from non-related host such as pecan weevil may 
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Table 1. Isolates of Metarhizium spp. tested against Schistocercagregaria. 

%mortality
Isolate Species* Host Country 5d 6d 

ARSEF 324 M. a. Patanga guttulosa (Walker)(as Austracris guttulosaI Australia 88 88 

IMI 330189 M.f. 
(Orthoptera: Acrididae) 
Ornithacriscavroisi (Finot) Niger 76 90 

IM1330189" 
IMI 324673 

M. f. 
M. f. 

(Orthotera: Acridi62e1 
Ornithacris cavroisi 
Zonocerus elegans (Linnaeus) 

Niger 
Tanzania 

81 
56 

96 
60 

IMI 324673"" M. f. 
(Orthoptera: Pyrgomorphidae) 
Zonoceruselegans Tanzania 32 

32 
72 
7E 

IMI 168777ii 
IMI 152222 

M.a. 
M. a. 

Schistocercagregaria(Forsk,) 
Myllocerus discolorBoheran 

Ethiopia 
India 

48 
16 

56 
40 

ARSEF 2023 .. 
(Coleoptera: Curculionideaen 
Unidentified acridid Galapagos Is 8 40 

ARE 2023 
IMI 298059 

M.a. 
M. a. 

Une acridi 
ScapanesaustralisBoisduval 

Galapa Is 
Papua New 

8 0 
20 

IMI 047038 a. 
(Coleoptera- Scarabae.-ae) 
(.Aeneolamiavaria (Fabriciusl 

Guinea 
Venezuela 0 4 

IMI 2(3061 

190-574 

M. a. 

M. a. 

(Homoptera: Cercopidae) 
Bromis'a longissima (Gestro) 
(Coleoptera: Chrysomelidae) 
(lbCAcrotylus humbertianus 

Papua New 
Guinea 
Pakistan 

0 

0 

0 

0 
Saussure 
(Orthoptera: Acrididae) 

'M. a. - Metarhiziumanisopliae(Metschnikoff) Sorokin; M. f. - M. flavoviride W. 
Gains &1.Rozsypal.
"Single conidiim isolates from original mass conidial cultures. ARSEF - Agricultural
Research Service Entomopathogenic Fungus collectio-i; IMIMycological Institute; - International
IIBC -nternational Institute of Biological Control 

also be virulent indicates that the geographical and biological distribution
of virulence is wider than the host and its ncar relatives.

There have been suggestions that virulence is associated with highlevels of protease, particularly chymoelastase, p:oduced by the appressorium during cuticle penetration and MEI produceb ig'-levels of this enzyme (St Leger, 1990). This might mean that there are gen tral virulencedeterminants as well as the currently unknown specific determinants of 
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Table 2. Some examples of virulence in isolates of M etarhizium spp. and deauveriaspp. from taxonomically, ecologically or geographically isolated hosts.* 

Fungus Target/location Source/location of 

most pathogenic isolate 


Beauveria Hypothenernus hampei (Ferrari) 
 Cossus cossus (Linnaeus)
bassiana (Coleoptera: Scolytidae) (Lepidoptera: Coss;dae) 

(Balsamo) Colombia
Vuillemin tNaly 

Beauveria Chalcodermus bimaculatusbassiana Fiedler unidentified vespid(Hymenoptera: Vestpidae)
(Coleoptera: Curculionidae) Brazil 
rrap i MwithBeauveria Duraphisnoxia (Mordvilko) Schizaphisgraminum (Rondani)bassiana (Homo'era: Aphididae (Homoptera: Aphididae) 

Boverin' (unidentified source 
host)
USSR 

Metarhizium Nasutitermes exitiosus (Hill)anisopiae Aeneolamia sp(Isoptera: Termitidae) .(Hormoptera: Cetcopidae)IMetschnikoff) Australia Mexico 

M. anisopliae Diatraea saccharalis (Fabricius) Zulia entreriana (Berg)(Lepidoptera: Pyralidae) (Homoptera: Cercopidae)
Brazil Brazil

4. anisopliae Culex pipiens Linnaeus many virulent isolates from(Diptera: Culicidae) C uleoptera,Lepidoptera andHomoptera hosts: none from 
target host

M. anisopliae Patangaguttulosa (Walker) Schistocercagregaria (ForskM)(as Austracrisguttulosa) (Orthoptera: Acrididae)(Orthoptera: Acrididae) Africa and Middle East 
Australia 

Examl-7s drawn from published literature and the current IIBC/IITA/DFPV jointrseach programme. I am grateful to Dr I. lJnenez for permission to quote theunpublished example from H. hampei 

host range. There have been many attemptsproduction of particular to correlate virulence withenzymes, especially those that assist cuticular 
limited value canpe'..onlyne tra tioan , an d th e resu lts arebe assignedwell sum m arizedto anybyoneHeacuticle-degradingle et aL ( 19 8 9): 

e nly taiam onstev e any oe rs hind t er andne maticeeg ingenzyme trait amongst the many others which interact and summate in theexpression of pathogenicity'. However, it wo uld not be contradictory toclai th t nzyrod cti ch ymoen ofan hgh e s s c astse s agen ralgreatclaim that high production of an enzyme such as chymoelastase is a general
virulence determinant (Charnley, these proceedings). 
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Iisve y rd a bar. wi ll th es 
If this is eventually proved,between selecting strains which 

a bz~larce will then haw. to be-struck
have good general pathoge-ticity determinants but are thereby relatively non host-speciic, and strains which havevery specific determinants and are thereby perhaps less virulent or attack 

too few hosts. At present, there is still insufficient e'idence to use enzyme
characteristics ior isolate selection. 

What is the true habitat of Metarhizium and Beauveria spp.? 

Metarhiziumspp. have been isolated from soil world-wide; Beauvcriaspp.have a similar very wide distribution, but are more itequentlY associated 
insect remains (Domsch et aL, 1980). B. bassiana forms extensiverhizomorphs in unsterile soil in New Zealand (T.R. Glare, per-. comm.)and Germany (Keller & Zimmermann, 19SO) and M. anisopliae does z-o in 

Australia (D. Holdom, pers. comm.); however, these "'.,ld appear to beunusual cases. It is therefore not clear if 4hese fung. geruinely flourish insoil, or whether they survive there in a d:ormant state awaiting a susceptible 
host.

Brady (1979) noted that M. anisopliae formed c.alamydospores(asexual resting spores) but there are few references :o their role insurvival. The 'chlamydospores' of M. anisopliae from infected elateridlarvae illustrated by Zacharuk (1973) more closely resemble hyphal bodies 
(H.C. Evans, pers. comm.). Many experiments have been carrind out onthe survival of conidia in soil, and physical and chemical soil characteristicshave a major influence. Conidia of M. anisopliaecan survive at least twoyears in some soils (Keller & Zimmerman, 1989). Metarhizium spp. andBeauveria spp. can both be recovered from the soil either by direct platingon selective media or by baiting (Zimmermann, 1986). At present it is notclear whether what is being recovered are con;dia, chlamydospores,mycelia surviving on fragments of chitin, or mycelia liing on non-insec!substrates. 

Zimmermann (1986) used Galleriamellonella (Linnm..us) (Lepidoptera: Pyralidae) larvae to bait from moist soil. This insect is very susceptible
to pathogens, probably because of its unusually sheltered normal habitat in
beehives where "ungal pathogens such as Metarhiziumspp. do not develop.However, this may mean that isolates obtained on G. mellonella from soilhave a low virulence to other insects. It may beacridids to bait entompthogenc fungi from more appropriate to usesoil. There are no published
acridids o hite n iq ue ,b u i fr s t t ipres e nprotocols for this technique, but it is under test at present.

There is no specific information available on the relative virulence ofisolates aisolates of fungi such as vaila dus ed in r f om in , t Mezarhizium spp. from soils oiyanda from insects.cts Themajority of isolates available and used in assays are from insects, butthis mainly reflects the interests of collectors. A similar situation occurs
with Bacillus thuringiensisBerliner: this too is widely distributed in the soil 
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but rare on insects, and many soil isolates are non-pathogenic. It may be
that there are two diverse sets of selection pressures on the common
entomopathogenic fungi such as Metarhizium spp. and Beauveria spp., one
for optimum characteristics for soil survival and another for virulence toinsects. If so, it is unlikely that the same characteristics will be optimum forboth habitats. 

Characterization  how much m'.lSi be known? 

The need for characterization at the sub-specific level 

The search fc, superior genotypes for exploitation as biological pesticides
will be a continu.,,t process, but development can usually proceed mean-while using the best that are available. As soon as a formulation is shown to
be effective under laboratory conditions, field testing will be required. Field
tests are essential to demonstrate efficacy, and also to show that the
formulation is not harmful to the environment. In order to monitor theeffect of a biopesticide treatment on 'he environment, metihods must be
available to detect and recover the pathogen after the treatment is applied,
In the case of Metarhizivm spp., this is complicated by the fact that, since
Metarhizium spp. are distribued world-wide, !he species will be native to 
the environment where the test is carried out and the test isolate musttherefore be distinguished from the resident population before its effects 
can be clarified. There is therefore a need for methods which can distin-guish genotypes at the sub-specific level. The safety and quarantine aspects
of field testing of exotic isolates are dealt with in the following section. 


The teris for defining variation in funpi below the species level 
are 
confusing, largely because some terms describe physiological or other

phenotypic variants, and others describe the underlying differences in the
genotype. Brasier & Rayner (1987) listed five disciplines, morphology, 

genetics, taxonomy, ecology and patho!ogy, in which more than forty terms
for variation within a species are used. The terms that commonly occur ininsect pathology are variety, strain, isolate, race and pathotype.

Varieties are the only sub-specific groups that are distinguishable onmorphological grounds and they may also have a distinctive host range.
There are two varieties of Metar.!izium anisopliae, M. .. var. majus(Johnston) Tulloch (conidia (9.0) 10.0-14.0 (18.0) tim long) which is
confined mainly to scarabaeids, and M. a. var. anisopliae Tulloch (conidia(3.5) 5.0-8.0 (9.0) .m long with a wide host range (Tulloch, 1976). There
is strong evidence that var. rnajLs is diploid (Heale, 1988). M.flavoviride
exists as M. f var. flavoviride W. Gains & J. Rozsypal (conidia (7.0) 8.0-
9.0 (11.0) p.m long and M. f. var. minus Rombach, Humber & Roberts
(conidia (4.0) 4.5-5.5 (6.5) p.m long (Rombach et aL, 1986). 
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The term 'strain' is used by morphologists, geneticists, ecologists and
pathologists, in each case with different implications (Brasier & Rayner,
1987). A strain is derived from an isolate and should be distinguishable
from other strains on morphological, biochemical or pathological criteria.

Strain is a confusing term because it is defined in several ways based ondifferent criteria for this separation and it has not been used in this paper. 
If attempts have been made to ensure genetic homrgeneity of a culture byderiving it from a single uninucleate spore then it will normally be referredto as a strain, but in the context of insect pathology, at least for fungalpathogens, it seems safest to refer to individual fungal cultures as isolatesand this is the only valid definition for initial isolations of mixed genotypes. 

The feature of a pathogen that most interests insect pathologists is thepossession of a unique genotype that controls virulence to a unique range
of hosts. This is expressed phenotypically as a specific host range, anddefines the pathotype. If there is a differential reaction between a pathotype
and defined genotypes of a single host, the pathotype is the equivalent of a race in plant pathology. Unfortunately, to define a pathotype or a race
rigorously requires sufficient host challenges to establish their uniqueness
from all other pathotypes or races, and this is usually impractical. There is
therefore much interest in the bi ,chemical and physiological reactions of 
an isolate which might correlate with its host range, so that a pathotype
might be defined without the need to carry out inoculations on a wide 
range of hosts. 

In environmental studies it may be necessary to distinguish one isolate
of a variety, such as M. anisopliae var. anisopliae, from other isolates oftie same variety indigenous to the test area, and this cannot be done by
morphology. In order to 'fingerprint' an isolate below the variety level,
biochemical, physiological and genetic methods must be used. 

Biochemical methods and DNA analysis for characterization 

There have been several studies on variation within the species Beau veriabassiana using isoenzyme analysis and physiological tests, and the genus
Beauveria was examined using similar tests to supplement differential
morphological characteristics (Mugnai et at., 1989). By comparing varia
tion in isoenzyme profiles, reactions to the APIZYM test system andreactions to a wide range of nutritional and dye-based tests, a profile for
each isolate can be built up. Esterases are one of the most useful isoenzymes for this purpose. Mugnai et al (1989) found that B. bassianawas 
an extremely heterogeneous species but that more homogeneous groups of
isolates occurred, including both those from one geographical area and
those from one insect order. Bridge et aL (1990) examined 16 isolates ofthis species from a single host, the coffee berry borer Hypothenemus 
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hampei(Ferrari) (Coleoptera; Scolytidac), with a pan-tropical distributionand found that there was much less variation in characteristics such as 
esterase bands than in the species as a whole. 

Byep/zconrsta pioulato f2 slte fB asaa rmt~ iiAdelphocoris lineolatus(Goeze) in northern Italy was much more variablewith respect to esterase bands, and more variable than aFrench isolates examined in the same study (Riba population of 8et al, 1986b). Variability
in a-esterases was also used by Poprawski et al. (1988)isolates of B. bassiana from 	

to show thatthe weevils Sitona spp. (Coleoptera:culionidae) were much 	 Curmore heterogeneous in populations from southernFrance than from northern France and England. Since only esterase bands 
were compared in these studies, it is not known if the more esterase-
variable populations were also more variable in other characteristics.A study on 96 isolates of M. anisopliaevar. anisopliaeand var. majusby Riba et aL (19 8 6a) showed very simijar results to that by Mugnai et aL 
(1989) on B. bassiana. Te var. majus isolates were homogeneous for
isoenzyme profiles but the vr. anisopliaeisolates were very heterogeneous,with more homgeneous groupings 
areas or related insect hosts, 

of isolates from single geographical 

Recently DNA analysis has been used to examine genotype variabilityin M. anisopliae; Milner (1990) has shown that three native isolates of M.anisopliaewith virulence to larvae of three scarabaeid pests of sugarcane inAustralia are genetically distinct and Pipe & Heale (1990) have developedan rDNA probe from SaccharomycescerevisiaeMeyer ex Hansen that candetect polymorphisms in nuclear DNA of M. anisopliae. 

Evidence for and against sub-specific populations in Melarhiziumand
Beauveria 

There is thus evidence that withinanisopliaeand B. bassiana there existthe 
groups
highly 	 heterogeneous species M.of distinct genotypes, in-distinguishable morphologically, which have narrower host range andnarrower dispersal than the species as a whole. This is borne out by a large
number of studies on virulence of isolates, where 
it has been shown manytimes that individual isolates have a much narrowerspecies as a whole. To give only 	

host range than the 
one example, Samuels et cL (1989)a 	 testedrange of isolates of Metarhizium anisopliaeagainst the riceNilaparvatalugens (StAl) 	 delphacid

and found that the LT.1 ranged from five tofourteen days and that isolates from N. lugens itself showed an LT50 range 

of 5-11 days. 

a However, as already mentioned above, there are many examples where


virulent isolate originated from a host other than the target, and some-times in a geographical area where the target does not occur (Table 2). The 

Discovery and characterization offangal pathogens 171 1data of Samuels el aL (1989) also show that the issue of genetic adaptationis very complex, because the most virulent isolate from a host -herthe o 	 than V.lugens was more 	 st virulent isolate from t , Ne anvirulent than the least virulent isolate from N. lugeas
itself. While the evidence certainly suggests thatand geographically 	 host-adapted genotypesdistinct populations exist in Aletarhizium spp. andBeauveria spp., it is also possible for new encounter genotypes to show ahigh degree of virulence (Prior, 1990). 

Release - hat arev the risks? 

Political and biological divisions within the environment 

if the isolate used for field testing and ultimately for control is exotic to thecountry conceroed, the quarantine authorities may wish to approve its use.It would clearly Le ridiculous in biological terms to restrict the entry of anisolate of M. anisovliae into a country purely on the grounds that it originated in a neighbollTng country if there are no ecological barriers betweenthe two, because political boundaries defining countries are often of veryrecent origin noand have biological significance.zone, 	 The Sahel ecologicalfor example, extends unbroken acioss northern Africa and encompasses parts of Senegal, Mauritania, Mali, Burkina Faso, Niger, Chad,Sudan and Ethiopia. Desert locusts and many other organisms are distributed throughout this zone. When the isolate originates from outside theecological zone whichin release is contemplated however, quarantine
 
requires more careful consideration.
 

The scientific basis for evaluation of the risks of release of exotic 

isolates
 
Prior (1990) discussed the scientific basis for regulating
naturally occurring (as opposed 	

the release of
to recombinant) exotic isolates of entomopathogenic fungi, and noted that they posed three possible hazards:toxicity, allergenicity and direct infection of non-target org-atnisms. The firsttwo hazards are not unique to micro-organisms and are already covered byexisting safety legislation, but infection of non-target organisms was aspecial issue because of the unique self-reproducing properties of biologicalas opposed to chemical pesticides. Pior (1990)questions to be 	 noted that there were threeanswered concerning the poten!i21 hazard to non-target 

organisms: 
1. Does the isolate show specificity at normal inoculum kccls?There is no information on the spore dose which insects receive during 
natural infcction in the field. Under non-cpizootic conditions insects would 
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usually be challenged by very low doses of conidia, but the dose mayincrease by several orders of magnitude during an epizootic in a denseinsect population when conditions are suitable for sporulation. Theconcern is about specificity of an introduced isolate at normal inoculumlevels; although the 'normal' level is difficult to define it must be assumedto be equivalent to the levels of native isolates. Therefore the issue is 
whether the introduced isolate poses a hazard not already posed by thenative ones. Prior (1990) noted that the genes for pathogenicit (equivalentto virulence) are not closely associated with specific genes in the targetpest, as is the case of gene-for-gene relationships in some plant pathogens,but seem to be widely distributed and may even occur outside the geo-g.-aphical or ecological range of the host itself. If this is so there cannottherefore be any additional risk in releasing what is already present. Theexact extent of genotype range and diversity can only be determined bybiochemical and DNA analysis on a comprehensive sample of isolates. 

2. Is specificity retained at high levels of inoculum?

The concern 
here is that the natural specificity of the isolate may be lostwhen very high levels of inoculum are applied as a biopesticide for pestcontrol. There is little evidence on this subject, but in one study on the fieldapplication of Beauveria brongniartii (Saccardo) Petch to control theEuropean cockchafer Melolontha meloloniha (Linnaeus) (Coleoptera:Scarabaeidae), Bal:ensweiler & Cerutti (1986) found no infection in non-target arthropods. 

3. L: specificity a stable trait after release?This isthe most complex question. Stability implies that the isolate geno-


type wiii not change after release and therefore its host range andphysiological requirements will remain constant. The principal fear is that if 
an exotic genotype did change after release it could thereby pose a threat tonon-target organisms. There are only two ways that this could happen:
mutation, or genetic recombination. The first can be dismissed very simply
on two grounds: firstly, most mutations are deleteious and do not survive,

and secondly there is no basis for assuming that a mutation is any more
likely to arise in an introduced genotype than in the native genotypes which 

are vastly
more careful examinationrmpore abundant. However, the issue of recombination requires
mreSreulreamition.hEvansSexual reproduction has never been observed in Metarhizium spp. andBeauveria spp. and they are therefore classified in the Deuteromycotina.However, recombination without meiosis can occur in fungi through theparasexual cycle and tiis has been recorded several times for M. anisopliae(Heale, 1988) and recently for B. hassiana(Paccola-Meirelles & Azevedo,1991). Thus the frequency with which parasexual recombination in thesefungi may occur in nature is very important in determining their stability,
In the parasexual cycle, the monokaryotic mycelia of two different 
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genotypes fuse and the nuclei are exchanged so that the mycelium becomesdikaryotic. The dissimilar nuclei then fuse to give a diploid nucleus.Exchange of genes between the two genotypes occurs in the diploidnucleus to give chromosomes with new gene combinations. This is followedby a process of haploidization in which there is a progressive loss ofchromosomes so that the haploid number is restored, but the genotype haschtged (Heale, 1988; Clarkson, these proceedings).
 

In M anisopliae (Riba et al, 1985) parasexual recombinants were
forced in the laboratory between var. majus and var. anisopliae, andbetween two auxotrophic mutants derived from a single isolate of var. anisopliae virulent to Ostrinia nubilalis (Hfibner) (Lepidoptera: Pyralidae).The segregants from the cross between the two varieties were non-virulent;some of the segregants from the cross between the twe mutants showedreduced virulence and some were as virulent as the parent.
These crosses made by Riba 
 e, a. (1985) were forced between two 
mutants derived from a single parent, that is, a single genotype. If a cross isto occur between two different genotypes then these must be compatible.There is in fact much evidence that incompatibility mechanisms exist inmany fungi to prevent crossing. Some isolates of B. bassiana studied byPaccola-Meirelles & Azevedo (1991) would not form heterokaryons,possibly because of incompatibility mechanisms. These are widespread inseveral intensively studied fungi and one, Aspergillusflavus Link ex Fries,is of particular interest because it is both a plant and insect pathogen.
Numerous vegetative incompatibility groups occur in A. flavus and theseprevent the exchange of genes. Indiscussing this phenomenon, Wicklow
 
(1990) notes that: 'Asexual genetic exchange under field conditions has
 
not been reported for A. flatus, or any other fungus, but is probably
limited to members of the same incompatibility group.'At present there does not seem to be any information about the existence of incompatibility groups in Metarhizium spp., but itwould be
 
surprising ifthey did not occur.
Caten (1987) had previously uied similar arguments to Wicklow's
 
(1990) to thatsuggest variation in fungi is not as widespread or as 
important for survival and evolutionary success as previously thought, and
the role of the parasexual cycle in nature may have been overemphasized.(1988) argued that entomopathogenic fungi such as Metarhiziumspp. had sacrificed their teleoniorphs (sexual state), and the chance ofvariation by sexual recombination, for the advantage of rapid and massiveasexual conidial production. They did this in order to exploit ephemeralenergy sources, especially the periodic population explosions of insectsoccurring in disturbed habitats. While parasexuality would provide themajor mechanism for instability in asexual fungi, there appear to be goodreasons for thinking that it is unlikely to lead to new and undesirable

genetic combinations tnder field conditions. 
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The apparent absence of the teleomorph in Metarlizium spp. and

Beauveriaspp. deserves comment. Teleomorphs have never been detected

during more than a hundred years of study in a 
wide range of environ-

ments. However, new teleomorph-anamorph connections are ccntinually

being established, 
 even in fungi that are even more familiar than the 
common entomopathogenic deuteromycetes. The discovery of Didymella

fabae (Jellis & Punithalingam), the teleomorph of AscochyiafabaeSpegaz-

zini, which causes 
leaf and stem blight of faba beans, was only ann-uncf.d 

this year (Jellis & Punithalingam, 1991): this is one of the most studiei of 

temperate pathogens of a 
major crop. It is often the case that fungal teleo-

morphs are produced in the natural environment under the influence of 

specific environmental and nutritional conditions, and they may therefore

be transient, or rare. Such conditions 
are not met in artificial culture which 

is where the great majority of studies are carried out. 
Despite the con-

tinuing absence of teleomorphs for Metarhizium spp. and Beauveriaspp.,

the possibility of their existence should not be totally discounted. It should 

be noted tiiat although the teleomorph of B. bassianais not known, Booth
(1961) described a Beauveriaanamorph of the Pyrenomycete Pseudeuro-

ium bakeri C. Booth; the
in published description it differs from B.


bassianaprincipally in having conidia which are twice as large (4 Rim d.). 


Discussion 

The alternative options for seeking microbial control agents were summar-ized succinctly by Pusey (1990) in the context of microbial antagonists for 

plant disease control. 
 The search should always begin with the residentantagonists because these will be adapted to survive in the environment

where control must be achieved. However, micro-organisms from other

wereionents musty ahveod.e Hoetiav, ro-orgamy fm ntherenvironments may also have good potential activity, but may be prevented

p 
from operating because of environmental constraints. These constraints 

may be overcome by formulation.

In the search for the best isolates for locust and grasshopperoccur outsidecontrol,theit
myalso be the case that potentially valuable isolates 

may somethere thto te a luabe s ol ocur oi useytse'magic 
environment where control must be achieved. Thus, following Pusey's(1990) guidelines, a comprehensive search should seek virulent isolates 
from the target, other isolates from the target which lack virulence butwhich may be improved by formulation, and, in addition, isolates from 
other hosts and regions. This includes almost isolates thatall might be 
found, but the possibility of overlooking isolates which could be improved 
by formulation may be excluded by carrying out the screening using the
formulation itself. Even so, the range of potentially valuable material from 
target and non-target hosts that remains to be screened enormous.is Theconidia 
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policy that is being followed in the current programme is therefore to 
screen as wide a range of isolates as possible, but with particular emphasis
on two categories: those from orthopteran hosts and those from hot, dry
environments to obtain isolates with tolerance for high temperatures.

A principle that is often advocated in the search for mcrrbial antagon
ists for plant patnogens is to search in areas where the problem would be
expected to be serious, but is not. This is particularly clear in the case of 
suppressive' or 'pernicious' soils where plant diseases, insect pests or
nematodes do not develop. The cause of the suppression is often antagon
istic micro-organisms which gradually increase to high population levels if
the host organism is present over several years. Thus suppression occurs 
either in undisturbed soils such as pastures, or in fields where the same 
crop is repeatedly cultivated. A case of suppression of insects was recorded 
by Ko et aL (1982) where the 'perniciousness' of an Hawaiian soil to
termites was associated with the presence of two entomopathogenic fungi.
It is more difficult to identify examples of soils which might be pernicious 
to locusts and graschoppers because of their high mobility. However, the
soil is likely to be tne primar, source of inoculum for occasion?! epizootics
of Metarhizium spp. such that recordedas on desert locusts by Balfour-
Browne (1960) and the regular outbreaks of Entomophaga grylli 

(Fresenius) Batko on Zonocerus variegatus noted by Chapman & Page
(1979). Screening of soils from habitats frequented by target species would 
therefore probably be worthwhile. 

Characteristics that are desirable in the chosen isolates include high 
virulence expressed as rapid kill and/or cessation of feeding, thermo
tolerance, high sporulation capacity and compatibility with the chosen 
spray diluent. It would a!so be useful to search for additional characteristics
such as tolerance to ultra-violet light and efficient substrate utilization.
Many of these desired characteristics are automatical!y selected during the assays. These are carried out at low humidity, high temperature and in thechosen formulation, in order to reproduce closey the field environment,and the isolate selected for development has performed successfully in 
peiiayfedtil.P 
preliminary field trials.noted thatPusey (1990) it may be unrealistic to search for a single

bullet' isolate. The range of desirable characteristics is very wide 
and very unlikely to occur in a single isolate. There may be some advantagein ver l differen virule isolateslhe a e fomulaiontus 
in combining several different virulent isolats ii:a single formulation, thus 
wtdci;ing the range of virulence determinants available to challenge the 
host. Synergy between isolates would be ad-,antageous both in increasing
virulence and in broadening the host range when several pest species must 
be controlled. 

Host specificity is clea: ly a complex issue. Adhesion may play a rolebut in the case of the current work on bioassays, the mechanical aspects ofdirectly in the 



176 

177 

C prior 

formulation, in which they adhere closely to the cuticle. None the less, the 
with the majorityassays clearly demonstrate large differences in virulence, 

of isolates tested showing no virulence to S. gregaria. 
fact widelyThe genotypes for virulence would in appear to be 

It is also possible that virul:nce is controlled by two types of
dispersed. 

genes, those for host specificity, which restrict virulence to certain hosts, 


gns for host spec wicit. control the overall level of virulence
and thosethose for general virulence which 


within the whole host range. The protease prl gene in M. anisopliae 


currently under study in several laboratories may be an example of one 


such general virulence determinant. Evidence for the existence of genes for 

which comes from the studies by Riba et al. (1982)

general virultnce also 


showed that certain isolates of B. bassianawere more virulent to all 'races' 


of Bombyx mori (Linnaeus) (Lepidoptera: Bombycidae) than others; 

for general
presumably these isolates may have had more active genes 


virulence. Probably only extensive DNA 'fingerprinting' studies on natural 


populations will clarify the distribution of genotypes.
Thepgetioi colf distrutn is notyesfficiently unProtection 
The genetic control of virulence is not yet sufficiently understood tc 


state whether the geaes for virulence are universally distributed or whethe 


they have a more limited geographical distribution. The widespreac 


presence of new encouitter isolates would suggest the former. The ha-ard. 

into areas are alread,

that might arise from movement of isolates new 
It would appearare discussed further here.identified (Prior. 1990) and irItwul a bBridge,fromntfie (rlie19aae hischsew eunter 


from the relative ease with which new encounter virulence can I 


are
demonstrated, that genes for virulence to any specific host alread, 


dispersed beyond the current range of that host. There does not therefor 


appear to be any scientific basis for restrictions on movement of genotype 


to another. A Fatisfactory quarantin

from one biogeographical region 

based the known bic or pcan acceptance onlyoon be
protocol pathogen 


any reason for concern over th

logical facts and these do not suggest 


movement of isolates of Metarhizium spp. and 
Beauveria spp. 


The use of pathogens for pest control could remove many of the rnair 


remeay eo the n
Thblemsusofatedwihhoesi pestico cou,
problems associated with chemical pesticide use, especially env;:onment: 


pollution ard toxicity to non-target organisms. Despite this, there exists 


barrier to acceptance of pathogens that was defined by Freeman (1981). 

ever-increasirathophobia'. This irrational fear still exists and fuels 

demands for host range and safety tests (Evans & Ellison, 
1990).The fe4 


theion& 1. he s 1durgeanfy t ests (vansedempathendsfhst ignorance of their biology. Much remains 1of pathogens is due largely to 

be done in convincing administrators and environmental pressure groul 

control provides a safe alternative
that the use of pathogens for pest 


only be achieved by presenting a case based on
chemicals. This can 
The current research programme on locust a:adequate basis of facts. 


grasshopper control provides an excellent opportunity to gather those fac 
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Abstract 
Control of appressorium formation may be related to host specificity among
isolates of Metarhizium anisopliae (Metschnikoff) Sorokin. The 
cuticle-degrading endoprotease PRI has an important role in host invasion.
Variation in enzyme charge, and thus ability to bind to and degrade different
inso., cuticles, may influence isolate virulence. When fungal chitinase is slow 
to appear, cuticle-chitin may present a significant barrier to host penetration.
Thus acylurea insecticides, which act by interfering with chitin synthesis in 
insects, can act synergistically with insect fungal pathogens. Antifungal
phenols contribute to the gut barrier to infection in the desert locust andpossibly other Orthoptera. Formulation of fungal conidia to reduce the 
effectiveness of the phenols may promote infection "'rough the gut. The 
blood-borne cellular defences of an insect are often ineffective against
virulent fungal pathogens. Secondary metabolites like the cyclic peptide
dtstruxios produced by M. anisopliae may be responsible in part. Causes of
death are probably complex and have not been defined adequately for any
mycosis. Secondary metabolites, like destruxins, are clearly implicated in 
some cases. Timing and titre of production of such compounds may be 
amenable to selection and/or manipulation. 

Introduction 

It is clear from other papers in this volume that fungal pathogens of locusts
and grasshoppers hold out particular promise as alternatives to chemical 
insecticides. Strain selection and improvement, based on a knowledge of 
the mechanisms of fungal pathogenesis, will ne necessary to optimize the 



ii 

A.K. Charnky 
proceedng1killing power of such mycoinsecticides (-seeThe physiological and biochemical Clarkson, these poednerclrysrninteractionsfungal pathogens have not 	

between locusts and theirbeen studied in detai;. However, becausetheir large size desert locusts, Schistocerca gregaria(ForskAl), 
of 

have beenused in a number of model studies onbrief review 	
insect-fungus relationships. In thisI will br:ng together what we know about the processes of 

invasion, host response and cause of death for deuteromycete infections inhighlight Mearhizium anisoplie(Methni 

Fungi alone among insect pathogens actively invade through the exo-

skeleton (cuticle).attach ito In most, but not all, cases cc ..dia of mycopathogersattah oindiscriminately 

host and 	nonhost cuticle &tohost anason utse 
(Boucias &Pendland,1991). However, for successful invasion SULose~iuent prePenetralion be-
haviour must be adapted to the nature of the cuticle surface. For exampiecuticle hardness and nutrient availability appear to govern the differentia-tion of infection structures (appresso-ia) by M. anisopliae.St Leger et aL(in press) found that strains of Al. anisopliae isolated fromrheg ile sonverse otmntdwihhg Homoptera,

eesofsgree
whose cuticle surface is contaminated withregimes. Conversely Coleoptera-derived 
high levels of sugars derivedfrom honey dew (excreta), produce isolates were adapted toappressoria under high lownutrient environment, such as probably pertains on the surface of the 

a 
hard, 

nutrient 

thick cuticle of their hosts. Not enough acridid isolates have been examined 

incogithi n
regad, hoeetin this regard, however, to aproduced


Variations in pathogenicitydraw any conclusions about adapted host
canpenetrate (Vey 	
be a function of a pathogen's abiliky tohost cuticle et al, 1982). The chemical complexity andprsiiecea
resiiene iote
heoterregio.eincuticle ( 1982.The ceicl)cm isnt on
o-ptheneicfuni; makte uicle 

eit aparticuilar importance in deterring non-pathogenic fungi; 
how invading fungi breach the epicuticle. Ultrastructural evidence suggeststhat both 	 it is not knowneizymic hydrolysis and mechanical deformation are involved. 
Lipoprotein lipases secreted inculture by
the inner region 1989).remains Mearhizium anisopliae couldperhaps combine with endoproteaseof the epicuticle (polymerized lipoprotein) (Charnley,PRI (see later) to aid penetration of1989) 

The main body of the cuticle, the procuticle, comprises primarily chitinfibrils embedded in a protein matrx, together with lipids and quinones.
The mechanical properties of the different cuticles dependtions of the two main 	 on the propor-constituents, the nature and extent 	of hydration ofthe proteins, and the degree of scleroization (cross-linking of the proteins 

Mechanismsoffungalpahogenesisby quinones) (Hillerton, 1984). The 	 183nlec npntaiiy last-named appearsntemiiscswt to have a partievlcularly strong influence on penetrability
sclerotized body segments 

In the main, insects with heavilyare invaded via intersegmentalmembranes or spiracles. Resistance 	 and arthrodial 
to compressive forcecuticle (exocuticle) suggests 	 by sclerotized

that it presents a stronger barrier 	thansclerotized 	 nonendo- and mesocuticles. Since water extrusion accompanies 
sclerotization, water availability in addition to phenolic cross-links may beadesertfactor limiting penetration in exocuticle.locust supports growth and the Although exocuticle from theproduction of cuticle-degradingenzyme activity by M. 	anisopliae in vitro, the cuticle remainsLger 	 intact (Stet al., 1986a). Limited histolysis of the cuticle, therefore, duringinvasionmechanicalinpassagewouldvivo, provide sufficient nutrition to enable largelythrough the exocuticle. An ultrastructural
shown that 	 study hasM. anisopliaecan invade via segmental cuticle in the desertlocust (E. Seyoum & Charnley, unpublished data).Enzymatic degradation of procuticle is suggested by changesstaining reactions of cuticles around penetrant hyphae. But in 

in the 
most cases

isabsence of obvicus zonesreduced or non-existentof histolysis in regions where mechanical damagesuggests
imited o 	

that fungal enzymes are active bute int fusgge ngal e nzym1989).limited to the vicinity of the fungal structure (Charnley, 1989).in ve studies on deuteromycetecuticle have revealed a range fungi grown on pulverized locustof extracellular cuticle-degrading enzymesthat could potectially contribute to host penetrationprtein cudhoitinalpdly 	 (St Leger et aL,aperbeu eho ntialyste rasn 

1986b). These enzymes correspond to the main components of cuticle, viz.pe, 	 d tLer tal.chitin and lipid. They appear sequentially. Esterase and proteolytic
(< 24 h) followed by N-acetylgluco ypminidaeChitinase and lipase were
 

an 
3-5 d later. Since chitinase from strain ME1 of M. anisopliaeis
inducible enzyme and cuticular chitin isappearance 	 masked by protein,of chitinase 	 the lateis presumably a result of induction, as chitinThe late detection of lipase appears to be due to the fact that the enzyme is 

eventually becomes available after degradation of encasing cuticle proteins.
largely cell-bound in young cultures.Testing purified enzymes against locust cuticle in vitro showed thatT
 

pretreatment or combined treatment with endoprotease (PR I, see later) wassubarat of old cuticle shedfo puicsed at ecydysis; exocutic~e
necessary for high chitinaseat activitN. When locust exuviaeonly) (nondigestedusedenzysiseaocuticle were assubstrate for purified pathogen enzymes instead of cuticle from larval
 

o larval 

sclerites (exo-and endocuticle), comparatively little hydrolysis occurred (StLeger et al., 19 86a). Similarly, while unsclerotized cuticle from fledglinglocusts was rapidly degraded by fungal proteases, the crosslinking of cuticle
 
proteins with gluteraldehyde (as a model for sclerotization) substantiallyreduced their susceptibility to proteolytic attack. 

Extracellular endoprotease activity in culture filtrates of Al. anisopliae 
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(strain ME1) grown on locust cuticle can be resolve: into three maincomponents, a chymoelastase (PR 1), a trypsin (PR2) (St Leger etaL, 19 8 7a)and a cysteine protease (PR4) (S. Cole, R.M. Cooper & Charnley, un-
published data). PR I degrades locust endocuticle very efficiently; binding ofthis basic enzyme to negative charges on the cuticle is necessary for activity,and solubilized peptides are further degraded until a chain length of about5 ir obtained. In contrast to PRI, PR2 and PR4 have only minor cuticledegrading activity and may be involved with cellular control mechanisms,catalysing inactivation and activation processes,

Two classes of aminopeptidases have been isolated from locust-cuticlegrown cultures of M. anisopliaeand classified as an aminopeptidase ofbroad specificity, but with particular activity against alanyl residues, and apost proline dipeotidyl amino peptidase l'v. Neither peptidase alonehydrolysed intact locust cuticle. However, when combined with PRI theyeffected enhanced release of amino acids (RJ. St Leger, Charnley & R.M.Cooper, ulpublished data). This is not surprising since the primary struc-ture of locust cuticular proteins repeatedly contains the motif ala-ala-pro-ala/val (Hojrup etaL, 1986a). These exobydrolases presumably function insitu to break down PR1-derived peptides and thus provide nutrition for thefungus. 

PRI 
 is produced constitutively, in the absence of repression by lowmolecular weight compounds containing carbon and nitrogen. Thus rapidsynthesis of PRI is only possible when the concentration of readily met--bolizable compounds is low (St Leger et aL, 1988a). This is the case withlocust cuticle as the components are largely insoluble until released bycuticle-degrading enzymes. 

PRI appears to be a pathogenicity determinant by virtue of its con-siderable ability to degrade cuticle (St Leger et aL, 19 87a) and its pro-duction at high levels by the pathogen in situ during infection (St Leger etaL, !987b; 1989; Goettel et aL, 1989). Simultaneous application of turkeyegg white inhibitor and conidia significantly delayed mortality of Manduca 
sexta (Joha.insen) (Lepidoptera: Sphingidae) larvae compared with larvae
inoculated with conidia, supporting the importance of PRI in penetration
(St Leger et aL, 1988b). This kind 3f study has yet to be carried out with
locusts. 


Endochitinase 
 and exochitinase (acetylglucosaminidase) have beenpurified from culture filtrates of Metarhizium anisopliaegrown on chitin(St Leger et al., 1991). However, there is no evidence for the productionor activity offendochitinase during the first critical 40 h after inoculation ofCalliphora vornitoria (Linnaeus) (Diptera: Calliphoridae) wings or ab-dominal body wall cuticle of Manducasexta. The slow appearance of endo-chitinase in vivo is consistent with in vitro results (see earlier). It seemslikely in M. sexta-Metarhizium anisopliae interactions that chitinasefunctions largely to provide nutrients during the saprophytic phase of 
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fungal growth in cuticle of moribund insect hosts (St Leger et aL, 1987b).This may not be so in locusts where the thick partially sclerotized body wallcuticle could delay penetration sufficiently to allow induction and activity
of endochitinase. 

The importance of chitin as a barrier to penetration and as a stabilizerot the cuticular protein matrix, in the absence of fungal chitinase, is evidentfrom a study using the insecticide diflubenzuron (= Dimilin R) a specificinhibitor of chitin synthesis in insects. Dual applications of diflubenzuronand M. anisopliaehad a synergistic effect against larvae of Manducasexta.Ultrastructural obscrvations demonstrated that fungal penetration throughdiflubenzuron-treated cuticle was dramatically enhanced. Post-ecdysialdiflubenzuron-treated cuticle (without chitin) was almost compictelydestroyed in contrast to pre-ecydsial cuticle (laid down prior to insecticidetreatment) where hydrolysis was apparently selective (protein-only) andrestricted to the vicinity of tie fungal hyphae (Hassan & Charnley, 1989).Consistent with these ultrastructural observations, pharate fifth-ins~ar M.sexta cuticle, produced during treatment with diflubenzuron and thuscompletely disrupted by the insecticide, was considerably more susceptibleto PrI than the control cuticle. This study suggests that dua treatments ofacylurea insecticides like diflubenzuron with entomopathogenic fungi couldafford a useful strategy against locusts; particularly as second generationacylureas like teflubenzuron (= Nomoult') have more in vivo persistence
and significant activity against the desert locust.
 

Lipase(s) 
are oroduced by Metarhiziumanisopliaein culture on locustcuticle (St Leger et al., 1986b). However, a truIe lipase (with activity againstolive oil) was not extracted from cuticles of Manduca sexta and Cvomitoria infected with Me,'arhiziumanisopliae(St Leger et al., 1987b). Inaddition, potential substrates for a lipase, viz. triacylglycerols and waxesters, appear to be comparatively minor components at least of the'extractable' lipids of locust as of other insect cuticle. Thus it is not clearwhat role, if any, lipase plays in cuticular penetration (Charnley & St 
Leger, 1991).

If virulence among fungal isolates were correlated (at least in part) withcuticle-degrading enzyme activity then an initial target for strain selection
and improvement would have been identified. However, this link is difficultto prove. Comparisons between isolates for pathogenicity and productionof enzymes may only reveal the great variability within a speciesnumerous factors, many of which may 

for 
influence, but be unrelated to,cuticle-degrading enzyme activity. From what is known about theproperties and occurrence of cuticle-degrading enzymes in fungal infections in insects at the present time, endoproteases appear to be particularlyimportant to the penetration process. However, PRI- and PR2-like endoproteases are produced in quantity by all isolates of M. anisopliaeandother deuteromycetes looked (Charnleyat & St Leger, 1991). Cuticle
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degrading PR1 enzymes from M. anisopliae,Beauveria bassiana(Balsamo)Vuillemin, Verticillium !ecanii (Zimmermann)
(Farlow) Samson Virgas, Nomuraea rileyiand Aschersonia aleyrodis Webber differed only in
charge. This hascuticle potential significanceis a prerequisite for activity. for their specificity as binding to 
Locusia migratoria(Linnaeus) has 

Cuticle from the migratory locust 
a non-uniform distribution of charge,
with negatively charged and positively charged groups predominating in flex-
ible cuticle (e.g. arthrodial membranes) and rigid body-wall cuticle, respect-ively (Hojrup et al., 1986b). What is known about the composition of desertlocust cuticle suggests that it is similar to
(Anderson, that from the migratory locust
1988). Thus it is possible that regions of the cuticle may befavourable or unfavourable to binding (and thus degradation) by individual
enzymes, with consequences for the parts of the body which can be invaded
by enzymatic 
 action. This may influence speed of penetration and thus

virulence. 

Host defence 

Insect alimentary canalsIn aseainary are geeal noptbetegenerally irhospitable ug.Aquence, invasion rarely occurs from there despite the fact that both foregut 
to fungi. a os-existingAS conse-and hindgut are lined with cuticle, which is largely unsclerotizedmore susceptible than sclerite cticle 

and thus 
to pathogenthought enzymes. It is generallythat anaerobiosis, digestive enzymes, adverse pH, speed of food
throughput, and protection 
from the peritrophic membraneresponsible for the gut barrier 

are primarily
to fungi. In the case
however, antifungal of the desert locust,
phenols produced bywen schhindgut, make staratin hyscaldefnce,the gut bacterial floras gl mvemnt in thea significant contribution to host defence during periods of 

nd oodEndogenous
starvation when physical defences, such guas movement and foodthroughput, prominent in fed insects, are less apparent. Fungitoxjc phenols
have also been found in the gt fluid
phenols are 

of other related Orthoptera.thadsorbed by poyvinyly e 
conidia with PVP or other svitable material may reduce the effectiveness of 

1991).ofthe toxins and promote infection through
The appearance of host-produced 
the gut (Dillon & Charnley,
brown or black nigments in insectcuticle in the vicinity of penetrant fungal hyphae is a common early sign ofmcsise inthviciyoug etant al iacwith


mycosis. Although the antimicrobial
well established, in insec, properties of oxidized phenols arecuticles melanization appears to be primarily adefence against weak or slow growing pathogens. Protease inhibitors withinthe cuticle may serve to restrict pathogen enzyme activity and hinderinvasion (Charnley, 1989).Once the cuticle and epidermis have been breached, the invading 

Mechanisms offungalpathogenesis 

fungus is faced with the defence systems of the haemolymph. In the desertlocust the presence of M. anisopiaewithin the cuticltory response, some elicits an inflamma12 h before the fungus enters the haemocoel, on thebaseme. t membrane of the epidermal cells beneath the infection site. Thehaemocytes also invade the basement membrane and enter the epidermis.Finally, melanization occurs, starting with the endocuticle closeepidermis and developing backwards to the
through the capsule. Despiteintense activity thison the part of the host, the fungus is not pre 'ented frominvading the haemocoel (Gunnarsson, 1988).Within the haemocoel the main defence against an invading fungusappears to be the entrapment of small elements of the fungus in a mass ofsticky blood cells (haemocytes) (nodule formation) and the encapsulationof hyphal fragments by layers of blood cells. Central to these events is therecognition of non-self, and activation of th. prophenoloxidase system(ppo) may be the key (Charnley, 1989). For A. anisopliae(strain RS549) 

in the desert locust, however, the cellular response to the fungus in the(Gunnar.son, 1988).aemocoel is very poorA andsimilarfew blood cells adhere to penetrant hyphaesituation has been reported for otherinsect-fungus combinations. Most entomopathogenic fungi are dimorphic, 
as y-ast-like hyphal bodies in the host haemolymph during thesporulation on 

pathogenic phase and converting to a mycelial form post-mortem prior tothe cadaver. The avoidance of host defence may relate tothis change in growth form. Perhaps altered cell wall composition or theproduction of an antihaemocyte chemical, consequert upon this change inmorphology, is responsible for the failure of the cellular defence. Certainly.evidence ir consistent with interference of the immune system of the desert
locust by the cyclic depsipeptide toxins, the destruxins (DTX), produced by
M. aniscplic(Huxhamet a t,1989).protease inhibitorsEnsogenouharoeae have been reported in insect1989). haerno
lymph as well as cuticle (see above). These may be involved in blood bornedfn e a ant et(Hfibner) (Lepidoptera: Noctuidae) larvae, which are resistant to infection 

m pt o e s Sxh isa niasa g m aaiN. rey contain high levels of serumPendland, protease inhibitor (Boucias &1987). Susceptibility s young A. gemmatais larvae and larvae 
al' ages of Trichoplusiani (H-15bner) (Lepidoptera: Nocutidae) correlates 

with low titre or absence of protease inhibitor, respectively. Interestingly,haemolymph of the desert locust contains a potent serum protease inhibitoractivity against the cuticle-degradingCharnley, unpublished data). protease PRI (M. Hoppd & 

http:1991).of
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Host death 

Death of an insect from an entomopathogenic fungus has been variously
ascribed to toxicosis, starvation (either by competition between host andfungus for nutrients, or as a result of cessation of feeding by the insect),invasion of host tissues by the fungus, asphyxiating of the insect by fungalgrowth within the tracheae and/or interference with host physiology.n 
However, it is imp .)ssible to ascribe a cause of death to a mycosis with any 
c e rta inty . It like ly tha t w ill be Fro ms eem s se ve ral fa ctors in volve d. thepoint of view of enhancing the killing power of a biocontrol agent, theinvolvement of a powerful toxin in host death is more amenable to selec-
tion and/or manipulation. 

Destruxins may play a significant part in host death. Fifteen related
compounds in the DTX series have been isolated from culture filtrates of
M. anisopliae, although DTX A and B tend to predominate and DTX E isgenerally the most insecticidal. Low doses of DTX A cause tetanic andflaccid paralysis and death in Lepidoptera and adult Diptera, by causing
depolarization of muscle membranes (Samuels el aL, 1988a). Evidence to 
date is consistent with DTX A causing depolarization by opening calciumchannels in the membrane. Among strains of M. anisopliaepathogenic forchannels inste mTema. gAm asrlenceadinsofManduca sexta DTXs may act ansviue otheniras virulence determinants by virtue of their
effects on muscles. Strain ME1, which produces DTX in vitro and in vivo, 

grows sparsely in infected larvae and 
causes paralysis prior to host death.However, isolates RS549 and RS1094, which were less virulent than ME1 

andad took longeronucertotopkillkill M. .sexta larvae,a grewin theirprofusely in the haemolymph,
to k larvaelysewsrofusely eb lyho t dpndid not induce paralysis in their hosts and produced considerably less DTX

in culture than N- 1. In addition, no 
DTX was found in the haemolymph
of insects infected with RS549 and RS1094 (Samuels et aL, 1988b).


Understanding the role of DTX in pathogenesis is complicated by therestricted susceptibility to DTX of muscles from different insect orders incomparison with comp hostrisostnran e he Met rhiium anispli e. nlypp.the wide wth of wderange of Metarhizium anisopliae. Only

Lepidoptera and adult Diptera respond 
to low doses of DTX by paralysis
and death (Samuels et aL, 1988b). As much as 100 tgg/g insect DTX didnot cause paralysis upon injection into adult desert locusts, and this low invivo toxicity correlated with in vitro insensitivity of the muscles. However,
DTX does interfere with function and cause ultrastructural changes in anumber of tissues (particularly Malpighian tubules and haemocytes) in avariety of insects, including locusts. It is not yet clear whether the effects of
DTX on different tissues may be attributed to a common mode of action,Nor is it clear how the varioui cytotoxic effects (other than on lepidopteranNorustclerte howsthe os ctotoxigreffs (othe than onsed o an 
muscle) relate to symptoms and progress o disease caused by M. aniso-pliae. A two-tier system for the involvement of destruxin in pathogenesis
has been proposed (Samuels et aL, 1988b). On the one hand in Lepi-

Mechanisms offungaf pathogenesis 

doptera and adult Diptera DTX may have a pathogenic role via action on 
the muscles. On the other hand it may have an aggressive role in thoseinsects such as locusts whose muscles are not susceptible to DTX, and inLepidoptera ard adult Diptera infected with low DTX producing strains. Inthis case DTX may assist the pathogen to establish or extend it- infection.In support of this, virulence of M. anisopliae isolates (as measured by LT,)against the vine weevil Otiorhynchus sulcatus (Fabficius) (Coleoptera:Curculionidae) correlated with in vitro DTX production (E. Moorhouse, R.Kershaw, A. Gillespie, S.E. Reynolds & Charnley, unpublished data).K e r siblespe od sec s hs p ofnae a r y m tabli at. 

DTX is possibly just one of a number of secondary inetabolites that M.anisopliaeproducesto promote its parasitic existence in insects. However, it seems likely that DTX has a significant role in pathogenesis. 
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entomopathogenic fungi 
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Abstract 
Many molecular techniques developed for other fungi are appropriatc for use 
with entomopathogenic species. Genetic transformation of Metarhizium 
anisopliae (Metschnikoff) Sorokin has been achieved using c!oned genes
from Neurospora crassa Sheare & Dodge and Aspergillus nidulans (Eidam)
Vuillemin. The pri gene from M. anisopliae which encodes a cuticle 

degrading protease, has been cloned irecently. Improvement of strains of 
Metarhizium spp. and Beauveria spp. by traditinnai genetic methods has 
relied on exploitation of parasexual recombination since they lack a sexual 
cycle, but gene cloning methods now offer an alternative for improvement, if
legislation will allow the use of laboratory produced recombinants. Molecular 
markers have been used to characterize the genotypes of individual fungal
strains by examining gene products, but recent development of RFLP anzA
PCR techniques allows direct examination of variability at the DNA level. 
Pulsed field gel electrophoresis (PFGE) is a technique which has been used 
to study karyotypcvariation in other fungi, and which could be used 

a d yageou y w it oin th e n go 
advantageously with entomopathogens. 

Introduction 

The recent development of molecular techniques for genetic engineering of
filamentous fungi provides new opportunities for the study of entomo
pathogenic fungi. Cloning of genes encoding pathogenicity or virulence 
determinants will allow a rigorous testing of their role in pathoinsect 
genesis and may provide the rationale for strain improvement by dirLct 
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genetic manipulation. The identification of molecular markers for charac- by Goettel et al., (1990) using a plasmid containing the benA3 allele fromterizing fungal genomes makes it possible to study genetic variation directly A. nidulans.In both cases transformants were identified at low frequency.at the DNA level. These new approaches are being applied to a wide range In Beauveriabassiana(Balsamo) Vuillemin resistance to chlorate has beenof fungi and will give new insights into the population structure of entomo- used as apathogens. The aim of this paper is to describe 
positive selection for mutants lacking nitrate reductase activity.some of these molecular The nitrate reductase (niatechniques and discuss D) gene of A. nidulans was then used tohow they might be applied to entomopathogenic transformfungi. Deuteromycete fungi, and in particular Metarhizium spp. and 
a nitrate reductase mutant (Daboussi et at., 1989).
 

Beaveria spp., show the most promise Although in filamentous fungi, transformants arise mainly through the
as biological control agents of random integration oflocusts and grasshoppers and will form the focus of this paper. 
DNA, homologous integration can occur in a

proportion of the transforming events (Fincham, 1989). This has beenexploited to produce directed mutations by gene disruption or replacementwith altered copies of cloned genes, thereby allowing a definite analysis ofMolecular analysis of insect pathogenesis the role of that gene product. This strategy has been used recently todemonstrate that the cell wall-degrading enzyme polygalacturonase is not 
An essential prerequisite for the molecular analysis of pathogenesis is the required for pathogenicity of the fungus Cochlioboluscarbonum Nelson ondevelopmeni of a method for the stable introduction of exogenous DNA.

DNA-mediated transformation procedures for filamentous fungi are 

its host plant maize (Zea mays) (Scott-Craig et at., 1990). This powerful

technique could alsousually based on the addition of DNA 

be used to investigate the role of putative pathoto protoplasts in the presence of genicity or virulence determinants of entomopathogenic fungi.Call followed by the addition of polyethylene giycol (Fincham, 1989;
Timberlake & Marshall, 1989). Transformants usually arise at low 

Two areas that are already receiving attention are the production of 
frequency cuticle degrading enzymes and insecticidal toxins(0.1-10 transformants/[Lg (Charnley, thesevector DNA) through the stable proceedings). Infection of the insect host occurs by direct penetration ofincorporation of DNA into the fungal chromosomes, although therenow several reports of autonomous are the cuticle and M. anisopliae produces areplication of transforming DNA range of enzymes capable ofdegrading components of the cuticle. Prominent amongst(Tsukuda et aL, 1988; Powell & Kistler, 1990). Importantly, the identifica- these is a 

protease (PRI) with chymoelastase specificity (Sttion of DNA sequences that promote autonomous replication also results Leger et at., 1987a).
 
in high frequency (100-10,000 transformants/gUg vector DNA) transform-

Several lires of evidence strongly implicate this enzyme as a determinant of

pathogenicity. PRI is the first of a sequence of cuticle degrading enzymes
ation. A variety of selectable markers has been used for fungal transforma-
tion. Initially, transformation produced in vitro onof he genetically well characterized host cuticle and is capable of extensively degrading

'laboratory' fungi Aspergillus nidulans (Eidam) Vuillemin (Ballance 
cuticular protein (St Leger et at., 1986, 19 87a). It is produced in high levels
et aL,
1983) and NeurosporacrassaSheare & Dodge (Case 
by the fungus during host penetration (St Leger et at., 1987b) and specificet aL, 1979) utilized (St Legergenes encoding catabolic or biosynthetic enzymes to complement 
inhibition of PRI delays disease symptoms and mortality on Manducasextaet al., 1988). We have recently cloned the prl gene (I. Patersonappro- & Clarkson, unpublished data) and the production of a specific PrIpriate mutants. Subsequently, dominant selectable markers such ashygromycin, bleomycin or benomyl resistance have been used, as these can

be used to transform deficient mutant of Metarhizium anisopliae by recombinant DNA techwild type strains of a genetically uncharacterized
fungus. nology should provide a definitive answer to the role of this enzyme in 

Bernier coning the prl gene is also in progress at the Boyceet al (1989) demonstrated recently that Metarhizium ani-sopliae(Metschnikoff) Sorokin could b Thompson Institute, USA.transformed to benomyl resistance Insecticidalusing a cloned 03-tubulin gene from a benomyl resistant strain of N. crassa 
cyclic peptide toxins, destruxins, produced by M. ani

sopliae may play an(Vollmer & Yanofsky, 1986). Transformants were stable 
important role in patiogenesis (Charnley, 1989). It isunder non- likely that de;truxins are assembled extraribsomally usingselective conditions and retained pathogenicity to Manduca sexta plate 

the thiotem
(Johannson) (Lepidoptera: Sphingidae). 

mechanism now well established for the majority of other cycficSouthern hybridization indicated peptide antibiotics. The cloning of genes involved inthat the majority of transformants arose the biosynthesis ofthrough the random integration
into the chromosomes destruxins would enable the construction of mutant .;trains defective for aof tandemly repeated vector sequences. Benomyl specific biosynthetic enzyme and presumably disruptresistant transformants of Metarhizium anisopliaehave also been selected toxin biosynthesis.

Isogenic toxin-producing and toxin-lesscompared against a variety of insect hosts. mutant strains could then be 
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Strain improvement 

M. anisopliae and B. bassiana have no known sexual stages although 
genetic recombination through the parasexual cycle has been demonstratedfor both (Messias & Azevedo, 1980; A I-Aidroos, 1980; Paccola-Mcirelles& Azevedo, 1991). The essential features of the parasexual cycle are theformation of at least a transient heterokaryon by hyphal anastomosisprotoplast fusion, rare fusions between 

or 
dissimilar nuclei to produce aheterozygous diploid, and haploidization, presumably by a process ofmitotic non-disjunction. Genetic recombination can byoccur mitotic

crossing-over between homologous chromosomes and by the randomsegregation of chromosomes during haploidization. 

Parasexual recombination has been considered 
as a possible method ofgenetic manipulation for strain improvement in M. anisopliae Heale et atl.(1989) reported a parasexual cross between the auxotrophic mutantsderived from pathogenic wild type sirains, differing in sporulation rate andpathogenicity towards Nilaparvatalugens (StAI) (Hemiptera: Delphiacidac).

Two of the haploid recombinants selected from this cross combined highpathogenicity and sporulation rates. This is in contrast to parasexual
crosses between of Verticillium lecanii (Zimmermann)isolates Virgas(Drummond & Heale, 1988) and the plant pathogenic species V. albo-atrum Reinke & Berthold and V. dahliaeKlebahn (Clarkson & Heale,
1995; O'Garro & Clarkson, in press) where recombinants were generallyof low pathogenicity. A possible explanation is that parasexual recombina-tion between isolates that are normally reproductively isolated, disrupts
adapted complexes of pathogenicity genes resulting in weakly pathogenic 
haploid recombinants. 

Genetic engineering offers an exciting alternative approach to strainimprovement. The cloning of genes from entomopathogenic fungi whoseproducts are essential for pathogenicity or which contribute quantitatively 
to virulence may provide the basis for rationalIncreasing gene copy number and strain improvement.location are consequences of genetic
transformation (Bernier et aL, 1989) which may result in over-expression
of a pathogenicity gene. Gene expression
transformation could also be modified bywith gene constructs containing codingthe region of apathogenicity gene fused to a strong promoter. Genetic transformation willalso provide a tool for moving genes from one entomopathogenic species
to another. What is unclear at this stage is how legislation governing therelease of genetically manipulated organisms will develop, 
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The genetic characterization of wild-type strains of entomopathogenicfungi can provide information about variation and population structure. Itmay also be possible to identify individual isolates by a unique set ofgenetic characteristics, although this could not be done where isolates wereactually clones of the same genotype, as may occur particularly in epizo
otics. Two types of naturally occurring genetic markers which have beenused extensively for plant pathogenic fungi are mating type and specific
virulence, but these are not generally applicable to entomopathogens.Molecular markers have several advantages, including co-dominance,
selective neutrality, and abundance (Michelmore & lulbert, 1987).Variations in soluble protein patterns and isozyme polymorphisms detectedby electrophoresis have proved useful in a range of fungi. De Conti et al(1980) examined the electrophoretic variation in esterases and phosphatases in 11 wild .ype isolates of M. anisopliaefrom Brazil and were able todistinguish 5 patterns for esterase. In a study of both M. anisopliaevar.anisopliaeTullochand the large spored M. anisopliaevar.majus(Johnston)
Tulloch, Riba (1986)et aL demonstrated that var. majus isolates wererelatively homogeneous for isozyme profiles but that var. anisopliae isolates were highly polymorphic. Isozyme polymorphisms have also been studied
in B. bassiana(Mugnai et aL, 1989).

Techniques which directly investigate genetic variation at the DNAlevel are rapidly gaining acceptance as the most appropriate tools forstudying fungal populations. Several of these will e discussed. 

Restriction fragment length polymorphisms (RFLPs) of nuclear andmitochondria! DNA 

RFLI's may be detected following digestion with an appropriate type 11restriction endonuclease and separation of the DNA fragments by agaroseeiectrophoresis. Differences between isolates in DNA sequence 
may alter
the restriction sites for endonucleases resulting in DNA fragments ofvarying lengths. For fungal mitochondrial genomes which are usually small(19-121 kb) and exist in relatively high copy number (Grossman &l-ludspeth. 1985) RFL's are usually easy to detect. Total DNA of thefungus is extracted and then the mitochondrial DNA separated from 
nuclear DNA by centrifugation in CsCI gradients containing bis-benzimide(Garber & Yoder. 1985). The small size of mitochondrial genomes resultsin a simple banding pattern when cut with restriction endonucleases.
Mitochondrial RFLP markers beenhave used in a number of plant 
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pathogenic fungi although the extent of variation differs considerably. Electrophoretic karyotypingAlthough variation may sometimes be detected between strains inethidium bromide stained gels of restriction endonuclease digests of total Pulsed field gel electrophoresisgenomic DNA (e.g. Coddington et aL, 1987), labelled DNA probes are 
(PFGE) is capable of separating DNA

molecules ranging from about 20 kbnormally required. Total genomic DNA is extracted and digested with 
to 12,000 kb (Mills & McCluskey,a 1990). Schwartz & Cantor (1984) first applied this techniquerestriction endonuc!ease. to theThe complex array of DNA fragments are then separation of tt'_chromosomes Of Saccharomyces cerevisiae Meyer ex 

size fractionated by agarose gel electrophoresis and transferred to a nylonor nitrocellulose filter (Southern blotting). The filter is then probed with a Hansen. In conventional gel electrophoresis DNAsingle electric molecules migrate in aradioactive or non-radioactive labelled DNA field. The migration rate of molecules less than approxiprobe and visualized by
autoradiography mately 20 kb is proportional to their size because they are sieved. Largeror development of the filter, respectively. The number of molecules are not sievedbands observed depends on effectively and consequently migrate at similarthe copy number of DNA sequences homo- rates. PFGE utilizes alternating electric fields which forcelogous to the probe and the number of restriction sites within the sequence. the DNA 

Various types of DNA probe molecules to change direction. The time required for ahave been used to detect RFLPs, e.g. DNA molecule tochange direction is size dependentrandom genomic clones containing single copy (Hulbert with larger molecules requiring moreet aL, 1988) or time to re-orientate. The duration of eachrepetitive sequences (Kistler alternating electric field (oret aL, 1991), rDNA (Garber et al., 1988) andoligonucleotide probes pulse) determines the resolution. Total run times may last several days.(Mayer et aL, 1991). A. Jessop, I. Paterson & The resolution of PFGE hasClarkson (unpublished data) have recently used random genomic clones in 
been improved by modification to the

original apparatus and protocol. One commonly used method is contourthe lambda vector EMBI3 to detect RFLPs in M. anisopliae- clamped homogeneous electric field (CHEF) gel electrophoresis where a 
Polymerase chain reaction (PCR) methods 

hexagonal array of electrodes produces a uniform electric field across the
gel resulting in straight running lanes and good resolution. DNA is usuallyprepared from fungi by embedding protoplasts in blocks of low melting
The polymerase chain reaction (PCR) is an in vitro method for amplifying


DNA sequences using very small amounts of target DNA (White 
point agarose. These are mixed with a detergent (e.g. SDS), EDTA and
et aL, proteinase K. The agarose blocks containing1989). The double strand target DNA is denatured 0.5-20 [tg DNA are thenby heating briefly at inserted into a well of the agarose gel and sealed with zgarose.high temperature (ca. 95°C) and the oligonucleotide primers are allowed to
anneal to their complementary sequences PFGE has not been reported for entomopathogenic fungi although it
at low temperature (dependent


on probe length and composition). DNA extension 
has been used to study the molecular karyotypes of a wide range of plant
from the annealed pathogens and other fungi of commercial importance. Studies with fieldprimers proceeds using dNTPs and a thermostable polymnerase, e.g. Taq isolates of plant pathogenic fungi have revealed a surprising degree of 

polymerase, at 72C. Repeated cycles of denaturation, annealing and vaation in both chromosome number and length (e.g. Kinscherf & Leong,extension lead to the rapid amplification of target DNA sequences which 
can usually be resolved by conventional agarose or polvacrylamide gel 

1988; Mills & McCluskey, 1990) suggesting that the electrophoretic karyotypes may prove to be valuable molecular markers for entomopathogenic 
electrophoresis. fungi.

It has been demonstrated recently that PCR can be used to identify
DNA sequence polymorphisms by the amplification of random DNAsegments with single oligonucleotide primers, of arbitrary sequence Referepces(Williams e; aL, 1990; Welsh & McClelland, 1990). This randomly
amplified polymorphic DNA (RAPD) can be visualized on ethidiumbromide stained agarose gels as discrete bands which may provide a unique
genetic 'ingerprint' for a particular genotype. 
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Abstract 
The most successful microbial pesticides are based on the bacterium, Bacillusthuringiensis(Berliner), with sales of over USS40M. This success has beenslow to come and in part has been due to the screening of large numbers ofisolates to find the most pathogenic. Recent extensions of the host range have come from searches of habitats of particular pest species e.g. var. israelensisfrom the mud of mosquito pools. In Australia, a semi-selective medium hasbeen used to isolate the insect pathogenic hyphomycete, Metarhizium
anisopliae(Metschnikoff)Sorokin, from soil and termite mound material.Isolates vary enormously in colony morphology but this character rarelycorrelates with pathogenicity. Other more sensitive methods such as theanalysis of nuclear DNA using polymerase chain reaction (PCR) technology 
is sh owin g p ro mise for iden tifica tion of indiv idua l isola tes (strains) . A thre e tiered screening strategy which has been adopted to select the most promisingisolates, firstly for control of sugarcane scarabs and more recently for
termites, isdescribed. Two isolates pathogenic for a wide range of sugarcanescarabs and another, more specific, isolate have been successfully field testedand are now being commercialized. For termites, one isolate effective against 
both of the main Australian pest genera has been selectee anc isnow being 

field tested.
 

Introduction 

The world's most successful microbial pesticides are based on the bacter-ium Bacillus thuringiensis(B.t.), with annual sales estimated to be over
USS40M. What lessons can be learnt from this success? Firstly, success has 
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been and continues to be, a slow process, with the first products on themarket as long ago as 1935. Secondly, and central to this workshop, 

success has been based on the discovery of effective isolates, in particular,the discovery by Dulmage of the HDI strain which is highly pathogenic forTrichoplusiani (Hubner) (Lepidoptera: Noctuidae) (Dulmage, 1970). Thistransformed the product from a curiosity to a significqnt commercialproduct, and the HDI strain still forms the basis of products such as Dipeltoday. Subsequent searches in the habitat of the target pest revealed firstlyB.t. var. israelensis Goldbert & Margarlit (Goldberg & Margarlit, 1977), 
then B.t. var. tenebrionisKrieg, Huger, Lagenbruch & Schnetter (Kreig
aL, 1983), now both successful commercial products, and very recently in 

et 
New Zealand, isolates effective against the New Zealand grassgrub,
Costelytra zealandica (White) (Coieopzera: Scarabaeidae) (Chilcott &
Wigley, 1990). This search for new isolates with novel activities has
become almost obsessive, with overweil 25,000 isolates now in culture 
collections around the world. Finally, bioassay against the target insect isstill the only way to determine the activity of these new isolates. I suggestthat the task of developing an effective microbial pesticide for locusts andgrast )ppers is going to be slow, and that a large number of isolates willhave to be bicassayed before success is achieved.

in this short paper I will describe the work undertaken in my laboratory in Canberra io identify, and to characterize, isolates of the hyphomycete fungus Metarhizium anisopliae(Metschnikoff) Sorokin, for controlof scarab pests of sugarcane (Milner, in press) and termites. In both cases itwas necessary to find isolates which were highly pathogenic to the targetunder field conditions, effective against several related species of targetpest, and had temperature profiles which matched the prevailing field
c is . O a haseec fily to aseble revailibraryeof

p r om t o nvi
o lt es a p he et p es i s l a e ro n 

isolates as possible, mostly from t tharget pest or its immediate environment, then to bioassay them against the pest using a three tiered strategy,

arid finally to compare tie other relevant characteristics, such as temperature profiles, of a small number of effective isolates. It is rarely possible toevaluate more than about three (ideally just one) isolates in large-scale field
 
trials.
 

Isolate acquisition 

There are three main sources of isolates: culture collections such as theAmerican Type Culture Col!ection or that of the International Mycological!nstituie (CABI); isolation from the environment of the target insect; anddirect isolation from the target insect itself. If one is lucky enough to find a
field epizootic and to isolate the fungus directly then this isolate(s) is likely, 

90 
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but not certain, to show a high degree of pathogenicity. For soil insects, this 
medium is the reservoir for all pathogens and not just M. anisopliae;thus itseems logical that effective isolates can be obtained in this manner.
Effective isolates are rarely to be obtained from culture collections, in myexperience.experiene fconidiation, 

We have found 'Veens Medium' (Milner & Lutton, 1976) to be 
extremely effective as a semi-selective isolation mpedium. It is able to detect
levels of conidia down to 10d/g soil and vhen ompared with other selec-
tive media recoversWe generally isolate afrovwiderm a variety of isolates (A.com posite sample Rath,taken pers.soil from comm.).2- 6 cm 

We gnerllyisoatecmpoite romaoilsamlebelow the surface, the depth at which most conidia are foundakenfrounder 2-naturalcmas 
conditions. A Ig sample of soil is sonicated briefly in a 0.05% Tween 80 
so lutio n a nd 10 0 [lof t h e resu lt ing su spe ns io n is spre ad ove r th e su rfa ceof a Veens medium plate. The characteristic colonies of M. anisopliaestartto3soweerua~seaftr2or
' ncu atin a 25" .T ese can the bea
to sporula e after 2 or 3 weeks' incubation at 25C. These can then b 
removed and subcultured into SDAYE for testing.

M. anisopliae is surprisingly easy to find in a wide range of habitats,
U ndisturbed pastures in wet climatic zones where Scarabaeidae are common certainly provide large numbers of isolates (Table 1). Under these
conditions it is not unusual to find fields where the average density of 
conidia exceeds 106/g of soil. The fungus is much more scarce infrequently cultivated fields in relatively dry hot climates such as groundnut 
fields in Queensland and Myanmar. Under these conditions it is rare tofind more than 2 X 101/g. Similarly inter-mite mounds the fungus isnot
uncommon
but is alwa ys at a low density e 

Table 1. Summary of the results of selective isolation of Metarhizium anisopliaefrom soil in natural habitats in Australia and Myanmar (Burma). 

Area Crop No. sites No. positive sites 

Mlackay, QId sugar 17 9 
Bundaberg, QIdCairns, QId 
Yeppoan, Qd 
Busselton, WA 
Pemberton, WA 
Ebor, NSW 
Kingaroy, QIdMyanmar 

sugarsugar
pineapple 
potatoes 
potatotes 
pasture 
peanutspeanuts 

11 
21 
4 
i1 
20 

) 
2021 

8 
1
3 

10 
9 
8 
8 
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Isolate variability 

The most obvious feature of M. anisopliae on isolation is the extremedierst ovoony tpe ofdiversity of colony types, viz. the heonia, the ernmocolour of the conidia, the pattern ofthe degree of sporulation, the colour and the texture of theaerial mycelium, the rate of growth, the level of pigmentation of the 
medium, and so on. It is possible to erect different morphological types and
designate each isolate to a particular type. However, other characteristics 
(in particularua pathogenicity) ~doonot correlate with colony morphology and
( np ri a h g nct n tc rea 
e wt o o y m r h l g n
 

the number of isolates to be so designated increases so does the difficultyof placing each isolate into a category.

Spore 
 size also varies, but apart from the wel-established (and

ext re dif eae a ar ( J o b hlitv en,M.a p m nsta ( n 
extreme)M. difference between M. anisopliaevar.nd an isopliae va r. anisop/ iae Tul loch, cmanusharac t(Johnston)e ristic is Tullochthis not particularly useful. Isozymes have been extensively used to identify isolates and 
can be extremely useful in separating isolates which are otherwise verysimilar. However, this technique has two serious drawbacks. Firstly, thes i ng, e e r ste as wh i a r Firstl te 
banding, especially for esterases which are the most useful marker 
enzymes, can be unstable with some bands absent for no apparnt reason 
in some runs. Secondly, while differences are important "nd genuine,
similarities are not. Thus, two distinct pathotypes can have identical 
isozyme patterns.

The most powerful and reliable way to characterize isolates isby means
of DNA analysis using modern polymerase chain reaction (PCI) technology (see Clarkson, these proceedings). Recent unpublished work in my 

laboratory (F. Curran R.Driver, J. & Milner, unpublished data), has
revealed significant sequence variation within M. anisopliae, and this has 
been used to develop a probe specific to some isolates of var. anisopliae It 
is expected that, as our knowledge and understanding of the genomeincreases, we will be able to produce probes which have a greater degree of 
specificity. 

Screening against scarabs 

The first tier is a maximum challenge test which is extremely rapid and usesvery few of the pest insects - an important factor because scarabs cannot bereared in the laboratory arid are laborious to colkct from the field. Thelarvae were rolled in pure dry conidia and incubated on moist tissue paperinindividual chambers at 25C for about 14 davs. Under these extreme
10inidvdachmesa25Cfraot1dasUdrteeexee 
Australia termites 469 65 conditions 'good' isolates will kill 100% of the grubs aid the majority ofinfected grubs will produce copious quantities of new conidia. Surprisingly, 
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many isolates from the soil fail to kill under these conditions while someisolates obtained from the target pest do not kill more than 50% of the
insects,

Isolates which were most effective in the Tier I test were then assessedusing a quantitative bioassay. The larvae were dipped into suspensions ofdifferent concentrations of conidia and then incubated on moist tissuepaper for 2 to 4 weeks at 25"C (Tier 2). Under these conditions the 'good'isolates had an LC., (lethal concentration) below 10' conidia/m.
Finally, a few really promising isolates were compared under simulatedfield conditions using soil treated with conidia or dosed with formulatedfungus. The disease develops more slowly in soil and these tests usuallycontinued for 7 weeks. The most promising isolates from this Tier 3 test were used for field trials. 

In our work on sugarcane scarabs, this scheme was not applied rigorously because new isolates, often from field epizootics, became availableduring the testing and so were includedwtotayportesting. in the then currentowvratalf1!5isolate/targetTier 3 testscobn-sevenwithout any prior tetn.However a total of 115 islt/agtcombinations were tested in Tier 1, 26 in Tier 2 and 40 in Tier 3 (Table 2). As aresult two isolates with high pathogenicity for a wide range of sugarcanescarabs (F1147 and F1153) and one with a more restricted hose range(FI 114) were selected for field trials. These isolates are now being commer-
cialized under licence by Incitec Ltd. 

Screening against termites 

Termites are fragile insects, sensitive to handlingdosing and wetting. Thus, atechnique was devised reduceto these problems and to takeadvantage of the termites' natural grooming behaviour. For this method, a 

single worker termite is rolled in 
a dust of conidia of M. anisopliaeandthen placed in a 70 ml plastic container with 50 healthy workers. The
treated carrier termite is groomed by the test termites and the mortality of
this test group is determined after 4-10 days at about 27"C. By diluting the
fungal conidia with talc this bioassay can be made quantitative. The dose is
estimated from haemocytometer 
 counts of conidia washed off the carrier 
termite.In these termite assays, the Tier 1 testing consisted of both a high dose 
(1:10,

largeare 
conidia: talc) and a low dose (1:1000) together with controls. Therenumbers of termites availabie from the field consequentlyworkers (3 replicates of 50) could 

150 
be tested per treatment. The mostpromising isolates progressed to a Tier 2 test which was a quantitativebioassay with 5 decimal doses. Finally, the best 10 isolates were testedagainst both soldiers and workers under more realistic conditions (25 g 
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colonies in glass jars). In these Tier 3 tests, the termite colonies were dosedby adding 250 :arrier termites treated with pure conidia, and the mortality 
was evaluated after 4 weeks at 26wC.It was found that all isolates were at least moderately pathogenic and alarge number of isolates were promising in Tier 1 tests (Table 3). In generalthe 'lower' te"rnites, of the genus Coptotermes,were more susceptible thanthe 'higher' termites, Nasutiternes.Some 26 isolates were retested in Tier 2boassays and these aiso showed only small differences (Table 4). The finalselection of 10 isolates for Tier 3 testing was somewhat arbitrary and theresults varied depending or the particular colony of termites used for thetesting. However, isolate Fi610, derived originally from termite moundmaterial, has generally performed well and has thus been chosen for thefield trials which are currently in progress. 

Tab!e 2. Summary of Tier testing of isodares uf Aletrhiziur anisopli,e againstspecies of cane grub (Coleoptera: Scarabaeidae). 

No. isolates tested 

Species Tier 1 Tier 2 Tier 3 Best isolates 

1 yr life cycle
 
Lepidiota consobrina Girault
L.squamulata Waterhouse 101 40 02Antitrogus rmussoni(Blackburn) 18 

F1147; 153 
4 21 F147;153
 

2 yr life cycle
A. parvuus Britton 27 4L. frenchiBlackburn 2 FI 114;147
34 8 2L. negatoriaBlackburn F1147;153
25 3 13 F1147L. noxia Pritton 0 3 0 F1147(?) 

Table 3. Summary of results of Tier I testing of isolates of Metarhizium anisopiiae
against 3 species of pest termites. 

Termitespecies No. High dose Low doseisolates mort. > 80% mot. > 40% 

Nasutitertnes exitiosus (Hill) 3393 16 (7)'Coptotermes Iienchi(Hill) 26 24 7 (7)C. acinacitorm2s([roggatt) 49 48 19 (19) 

figures in brackets assessed after 4 Jays; others assessed after 8 days. 
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Table 4. Summary of results of Tier 2 testing of isolates of Metarhizium anisopliaeagainst 2 species of pest termites. quum on Invertebrate Pathology and Microbial Control Adelaide, August1990, 342. 
Dulmage, H.T. (1970) Insecticidal activity of HD-1, a new isolae of Bacillus 

sDe X 10' thuringiensisvar. alestL JournalofInvertebratePathology 15, 232--239.Goldberg, L & Margarlit, J. (1977) A bacterial spore demonstrating rapid 

Species larvicidalNo. activity against Anopheles sergenti4 Uranotaemaunguiculata, Culextested L'nivittatus,Aedes aegyptyi and Culexpipiens.Mosquito News 37, 355-358.isolates 1-15 < 15-30 <30 Kreig, A., Huger, A.M., Langenbruch, G.A. & Snetter, W. (1983) Bacillius 
thuringiensisvar. tenebrionis: cin ncuer, gegenuberNasutitermes eaitiostis (Hill) Larven von Colcoptera26 11 wirksame Pathotyp. ZeitschriftflrAngewandteEntornologie96, 505-508.Milner, R..Coprc'ermes acinacdormis (Froggat) 26 26 

9 
0 0 

6 (in press) The selection of strains of Metarhiziumanisopliaefor control
of Australian sugarcane white grubs. In: Jackson, T.J. & Glare, T.R. (eds), The 
Use of Pathogensin Scarab PestM'nagement. Intercept, London.Milner, RJ. & Lutton, G.G. (1976) Metarhiziumanisopliae: surwival of conidia in
soil. Proceedings of he 1st International Colloquium on InvertebrateConclusions 
Pathology, Kingston, Canada, 428-429. 

The first priority in developing mycoinsecticides is to select an isolate

which is highly pathogenic 
to the target rest or pests. In many situations,

such as control of scarab larvae in Australian sugarcane fields, it is certainly

desirable, and perhaps essential, that 
an isolate is found which controls a

number of species front related genefa. In order to find the best isolate, it is

important that as wide a library of isolates as possible is tested and that this
testing is by bioassay, ultimately under conditions as close as possib!e to
those in the field. Isolates obtained directly from field epizootics on the 
target pest(s) have been found to be best, although isolates may vary in 
their pathogenicity even from the same epizootic.

The three tiered assay strategy has been found to be very useful in
quickly assessing the efficacy of a large number of isolates. Three isolates
(F1114, FI147 and FI153) with promise for control of sugarcane scarabs
have beer identified, and these are now being commercialized following
successful field trials. Termites were found to be less variable !han scarabs
in their responses to various isolates. However, one isolate, FI6 10. which is
highly pathogenic for both Coptotermes spp. and Nasutitermes sp., has
been selected for detailed study and field trials. It has deer found thatDNA analysis using PCR technology is a valuable and sensitive technique
for determining genetic differences between isolates. The isolates selected 
for field trials are all distinct and it is hoped to develop specific DNA 
probes for use in field trials. 
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Abstract 
Current availability of pathogens from Orthoptera, particularly
entomopatnogenic fungi, and knowledge of their impact on field populations 
are very limited. The exploration methods for insect pathogens used in theIIBC/IITA/DFPV coliaborative research programme for the biologicalcontrol of locusts and grasshopper are described. A combination of direct 
and indirect methods isused, including poirt surveys. site monitoring and
networking. Yield is maximized in several ways, for example by stressinginsects in cages at high densitiez, by exposing insects to infection from soiland by using selective media for isolation from soil. Monitoring of mortality 
factors over time will reveal the extent of pathogen impact on acridid 
populations. 

Introduction 

In the IIBC/IITA/D.TipV collaborative research programme for the bio-logical control of locusts and grasshoppers, the biological agents which areconsidered to have the greatest potential for de%lopment for control areentomopathogenic fungi in the genera Metarhizium and Beauveria (see
Greathead; Prior; Lomer et al., these proceedings). Much emphasis hasbeen placed on .he need to search for suitable genotypes in the environ-
ments where the target pest species occur, despite the apparent unsuit-ability of such hct and arid conditions for the existence of fungi. Thereasons for this are two-fold. 

Firstly, it is believed that isolates obtained from these environments 
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will be better able to tolerate the harsh climatic conditions, especially hightemperatures and high levels of damaging radiation, which occur in many 
of the areas where control must be carried out. Secondly, there are no clear 
guidelines at present on quarantine protocols for the movement of isolates 
of these fungi around the very wide geographical range over which desert 
locust (Schistocerca gregaria (ForskAl))therefore control may be required, and it isdesirable to have isol.tes available from as wide a range of 
potential user countries as possible.Although the climate in the more arid areas of Africa and Asia where
grasshoppers and locusts are a problem is extremely dry for a large part of 
each year, favourable conditions for fungal growth do occur during the
brief rainy season. These areas have been little explored for insectpathogens, and even short surveys may result in new discoveries. For 
example, during a six week study near Mourdiah, Mlali, in 1990, aSorosporella sp. (Deuteromycotina: Hyphomycetes) was found causingsignificant mortality in Kraussariaangulifera(Krauss). This fungus had notbeen recorded previously at this site despite several years' observati-;ns andmay be a new species (P. Shah, unpublished data). Thus during a su-'vey itis possible, and indeed likely, that new species will be discovered and it isalso possible to study the impact of pathogens on populations. 

Search range 

The need for exploration is obvious if the first reason (above) is acceptedbae ew olat s ooa the f i c me t tes repiedbecause few isolates of entomopathogenic fungi which meet these require

ments are available from existing collections The isolates available fromtwo major collections, the USDA Agricultural Research Service Collection
of Entomopathogenic Fungi (ARSEF) and the International 
 Mycological
Institute (IMI) are listed in Table 1. The number of isolates of MAetarhizium
 
spp. and Beauveriaspp. in these collections from the major outbreak areas
of locusts and sahelian grasshoppers was extremely small when the project
began, even if all hosts, including non-orthopterans, were included and thenumber of available isolates from orthopteran hosts world-wide was also very low. Although much of the sahelian zone is under-recorded in myco
logical collections, the same cannot be said of such habitats as rice fields
where extensive collections 
 have been made and grasshoppers are 
common. This suggests that infections by entomopathogenic deuteromycetes in orthopterans are either genuinely rare, or difficult to find.

The current surveys are attempting to concentrate on the areas wheredesert locusts are found during recession, despite the political difficultiesinvolved in carrying out research in many of these areas: the Red Sea coast
of Eritrea, Sind Province on the Pakistan-India border, the Tibesti 
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Table 1. Total numbers of isolates of Metarhizium and Beauveria spp. held in the 
collections of the United States Department of Agricuhure and ihe internationalMycological inttute (sources: Anon., 1988; Humber &Soper, 198() 

Nmber of isolates held 

Species Alllocations Africa Arabia Pakistan/india 

USDA (ARSEF***M.anisopliae 
var. anisopliae Tulloch 

r.hoptea
Orthoptera 

265 
265
16 

0 
0
0 

0 
0
0 

60
0 

W. Gains & . Roszypal 450 

Orthoptera 
B. bassiana (Balsamo) 

1 0 0 0 

Vuillemin 
Orthoptera 

410 
6 

32 " 

0 
0 
0 

0 
0 

IMI*** 
Ml.anisop~ae 
var. anisopiap 30 1... 0 1 

Orthoptera 1 1 0 0 
M. flavoviride 0 0 0 0 

Orthoptera 
B.bassiana 

0 
14 

0 
0 

0 
0 

0 
0 

Orthoptera ( 0 0 0 

*FromN.btm--From rvata lug'n 5 (StAl) 'moptera: D' hacidae).irina disco:.,:us GyllenhaNl (Coleoptera: Curculionidae)
***Only those isolates listed inHumber & Soper 19 6) and Anon. (1988) areconsidered here: other iso!l'es are held in Reserve (restricted access) at IMIincluding IMI 330189. collected by DPV Niger in 1988 from Ornithacris cavroisi(Finot) (Orthoptera: Acri.didae) and iA. 324673, collected by B.Nyarrbo in 1 87 in 

Tanzania from Zonocerus eogns (T:,unberg) (Ortioplcra: Acrididaer****From Schistocercagregaria (ForskAl) (Orthoptera- Acrididae), collected by F.L.Balfour-Browne in Ethiopia in 1959 

Mountains on the Libya-Chad border and the Tamesna regin, of the 
he ounainsonAhag ariger Alg riaborAhaggar Mountains on the Niger-Alperia 1-orcrer haveh ve allll been difficult oreen iffcul orlocal 

impossible to visit during recent ycars. The reasons for rvceking pathogensin these areas have been discussed elsewhere (see Prior, these proceed
ings); it is hoped that genotypcs of entcmopathogenic fungi from these areas will combine virulence with the necessary ecological adaptations for 
survival. 
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Direct survey methods 

Point surveys 

This is the classical method of stopping at intervals along a road or a 
transect. Infected orthopterans are often slow and easy to catch. Thosekilled by fungus can occasionally be found attached to the tips of grass 
stems or branches: those infected by *summit disease' (Entomophaga grylli(Fresenius) Batko) are commonly found in this position. Areas for surveyare chosen on the grounds of previous rainfall and/or reports of highpopulation densities. In this way, many sites can be visited increasing thechance of finding diseased insects. On the other hand, pathogen incidence 

is transient and there is a danger of not finding any infected cadavers. 

Site monitoring 

Regular sampling of chosen sites over a longer period allows a study of thedevelopment of pathogens and other natural enemies in a host population,thereby combining collection of pathogens with studies on their ecologyand impact. The method is ;ntensive and complementary to the extensivenature of point surveys: it can only be effective if prior knowledge of the 
site, gained by point surveys, indicates a high host population is likely. 

Indirect survey methods 

Networking 

A network has been created within the sahelian countries and some other
countries in West Africa. In each country, the national crop protectionservice has designated a co-ordinator from their staff, who organizes thesearch for pathogens by field staff and farmers (village brigades). He makesregular fie!d trips and distributes information about collecting, preserving 
and sending specimens. In the beginning, there was a lack of interest incontributing to this network and this was addressed in 1991 by offering 
cash incentives. The co-ordinators are paid an allowance plus money to 
buy fuel for the field trips. People who find grasshoppers infected by a 
fungus are paid a reward of CFA FNcurrency. 10,000 or equivalent in appropriate 
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Articles 

A short article requesting people to send diseased grasshoppers has beensent to a number of journals with a distribution ii: the survey and network 
areas. So far, this has been published in SAS (Surveillance des Acridiens 
du Sahel) Bulletin of PRIFAS and by the newsletter Nouvelles de
PRONAT, Dakar, Senegal. A reward is again offered to those people
sending in specimens with suitable pathogens. 

Maximizing the yield of pathogens 

All of the methods outlined above have their shortcomings. Therefore,
different methods are combined faras as possible. Obviously, the two
indirect methods can be employed together with the direct ones. The extent 
to which one or the other of the direct methods is employed depends on 
local circumstances. For example, in known breeding grounds such as the 
Tokar Delta of Sudan where there is a high probability of finding breeding
populations of desert locust, the emphasis would be on site monitoring. On 
the other hand, in West Africa where grasshopper populations must be
examined over a ve-y wide area, point surveys are necessary first, followed
by site monitoring only when areas with a high potential for pathogen 
development are discovered.Methods for improving pathogen yield include: 

1. choosing sites with a history of high and/or diverse populations
2. concentrating on the more humid areas within these sites, and during
the wetter parts of the year 
3. capturing many grasshoppers at a site,3.captring t many geadsve keeping them in cages andoppers afsytoss ofitea keepingy n ieschecking for the developmep' of symptoms of disease. By keeping densities 
and humidity artificially '.,gh in cages, stress will be increased and the 
development of incipieit infections will occur more rapidly4. baiting pathogens from the soil, using either wel-proven susceptibleinsects such as greatom th luigeitheria mellonella (Linnaeus) 

(Lepidoptera: Pyralidae) (Zimmermann, 1986) or local grasshoppers. The 
latter are more likely to yield pathoge genotypes with useful levels ofvirulence to orthopteran pests 
5. direct isolation from soil, using one of the many selective agar media
available (Veen & Ferron, 1966; Doberski & Tribe, 1980; Beilharz et al, 
1982; Chase etal., 1986; B Ath, 1991; Sneh, 1991). 
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Conclusions 

Very few methodical and extensive surveys for entumopathogenic fungi
have been reported in the literature, and those is. lates available in the
world's collections have been obtained largely by chance. The majority of
isolates have come from insects living in humid conditions, where fungal
infections may often be common and the outgrowth of the sporulating
mycelium on the exterior of !he cadavers makes them obvious to collectors.By comparison, in dry environments no external growth occurs, and the
fungal origin of infections is concealed unless the cadaver is examined 
internally. This lack of external symptoms may have led to an underestima
tion of the importance of fungal infections in dry environments. Forexample, two isolates of M. flavoviride W. Gains & 1. Rozyspal held by
IIBC are highly virulent to d,.sert locusts and are under investigation in the 
current programme. Both were obtained from grasshoppers collected in the
field (in Niger and Tanzania) where only internal growth and sporulation 
were observed. In the current survey programme the mortaiity due to these 
fungi i" field populations ir arid environments wit' be investigated and may
be found to be higher than previously expected. 
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Panel discussion: precis 


Fo!iowing Dr Prior's talk, Dr Raina asked about the host range of 
pathogens in general compared with chemical pesticides. Dr Prior replied 
that there was no real comparison, as chemical pesticides are usually 
general pcisons, whereas pathogens have an inherently much greater 
specificity. 

Dr Milner asked Dr Charnley about the role of destruxins in host 
death. Dr Charnley replied that Lepidoptera muscle reacts by paralysis 

which can lead to death, but that this effect appears to be confined to 

Lepidoptera. In response to a question from Dr Goettel about synergism 

between insect growth regulators (IGRs) and pathogens, Dr Charntey 

replied that this was the subject of an ongoing research programme at Bath 

University, and commented that during moults the gut flora was not lost 

although the gut lining was replaced. Dr Ch2rnley further commented that 

the activity of c.,ticle-degrading en:zymes varied with temperature; thus any 

insect control systems which relied on these enzymes would be tempera

ture-dependent in their effect. Concerning IGRs, Dr Matthews commented 

that the diflubenzurons were originally developed as fungicides. Was there 

any effect on fungal control agents? Dr Charnley replied that the second 

generation chitin synthesis inhibitors had very little effect on fungal spores. 

Dr Lomer asked for clarification from Dr Streett of the doses of 

poxvirus used to kill Oedaleus senegalensis and he replied that 10 "virus 

particles per insect caused 90"/ mortality, while I0 caused 30-50%, both 

in 10 days. The viruses were found in early season populations in most 
places searched. Infection rates varied from below 1% to 8%. Answering a 
question from Mr Mouhim, Dr Streett gave more details of the conditions 
under which the entoiopox viruses were tested. Mainly US grasshopper 
species, not Oedalcus senegalensis,were used. Insects were treated in the 

Panel discussion 

third instar at 30"C. The virus survived for up to 8 h at 50'C. 
DaPiior called for comments on Mr Kooyman's efforts to set up a 

network of collaborators to look for grasshopper pathogens. Dr Castleton 
was very much in favour, and mentioned the SAS (Surveillance des 
Acridiens au Sahel) network established by PRIFAS. Network identity can 
be strengthened by tee-shirts, caps, etc. He also suggested the preparation 
of training materials to enable village brigades to be involved. 

Dr Henry asked about the feasibility of infecting grasshoppers in locust 
breeding grounds during recessions, which could then act as reservoirs of 
infection. Mr Shah replied that no grasshopper or locust species were 
sufficiently dense in recession areas to support pathogens. Dr Milner 
commented that locust outbreak areas in Australia were as dry as Oman, 
but that rains were often dramatic and could lead to outbreaks of Ento

mophaga gryllL This implies that the spores must persist 5-7 years between 
rains in desert conditions. Although it is difficult to isolate spores from the 
soil, they must be present. Dr Goettel stressed the importance of variation 
in isolates, and that different . olates would be needed in different situa

tions. He called for a free exchange of isolates between researchers. Dr 
Prior endorsed this, and noted the poor represtntation of African isolates 
in the world culture collections. Dr Matthews commented that most locust 
experts agreed that disease epidemics in swarming locusts were very rare, 
but that in some areas of grassland in Malawi, where small residual locust 
populations persist, epidemics of funral diseases had been observed. 
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Abstract 
Mass produc.ion, formulation and application methods are vital steps indownstream development of biopesticides but sui prisingly little work has
been done in these areas. While submerged culture fermcration is usually
regarded as the most economical and convenient method for mass production
of biopcsticides by industry, it may not necessarily be so in developingcountries. Various methods of liquid and solid state culture for fungi as
bi ipesticides are descibcd. Formulation of fLagal spores or mycelium as dry
powders for shelf life iswell established. However the development of 
rehydrated propagules in liquid formulations for spraying is in the formative
stages of research. The use of oils as spray supplements appears a promising
means of overcoming dew or high humidity requirements for many fungi.
Because of their small size fungal spores can usuay be applied with 
conventional equipment and the range of app!ication techniques is virtually 
unlimited. 

Introduction 

The greatest research effort in biocontrol of insects has been with viruses
and bacteria although the entomnpathogenic fungi are the largest group ofinsect pathogens. There appears to have been some reluctance to pursue
fungi as biocontrol agents because of environmental limitations to teir 
successful use (National Academy of Sciences, 1969). Such difficulties may
be overcome with suitable formulations. The inability to produce many
biocontrol fungi en masse has also hindered their development as biocon
trol agents. 
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Fungi have been used in attempts to control weeds since the 
221 

19 5 0s. or continuous culture (e.g. see Trinci & Wiebe, 1990). Batch culture is theCommercial mycoherbicides were produced in the USA in the early 198 0s. simplest procedure with less likelihood of contamination. The output of aSeveral candidate products are now at various stages of development, product such as fungal spores generally follows a sigmoidal curve with lag, 

exponential, stationary, and perhaps decline, phases. The growth ofMass production product can be affected by substrate limitation and inhibition, product inhibition as well as temperature and pH. ifgrowth is limited by *he rate of 
Submerged culture fermentation solubility of an essential nutrient it will bc linear; for filamentous organisms, growth in the exponential phase is reduced compared to unicellular 

In the developed world at least, 
organisms. For the latter the exponential growth phase can be describedindustrial fermentation provides the by:


simplest and most economical way to produce large numbers 
of fungalspores, as existing equipment can be used without modification. The - = ltXcommercial biocortrol agents for weed control, Collego' and Devine' are dt
produced by this method (see Churchill, 1982; Stowell, 1991) as well as -where [ is the specific growth rate (h )Verticillium lecanii (Zimmermann) Vidgas (as blastospores) for control of x is the cell (biomass) concentration (g,1l)aphids (Aphididae) (Mycotal') and whitefly (Aleyrodidae) (Vertalecg) t is time(Latge et aL, 1986) and some strains of Beauveria bassiana (Balsamo) for filamentous organisms it is:Vuillemin for insect control (Thomas et aL, 1987).

Some fungi may sporulate even 
 in liquid culture in flasks. Generally 

- =agitation is required to dissolve oxygen; the type of agitation may be

important and the air/liquid ratio as well as the surface contact area may 

dt
 
as the cell growth is essentially in two dimensions.need to be high. Conical flasks of 50-2,000 ml may be used; the medium is Although maximum total number of product sterilizfed with the flask, relying on a porous closure, such as cotton wool, to 

say fungal spores - may
be obtained in the stationary phase, spores harvested during the exponenact as a depth filter. Flasks with side indentations to act as baffles will tial phase may have a higher percentage viability. If this is the case, semiencourage greater turbulence and aeration. Reciprocating shakers are in- bawch (or fed batch) culture may be worthwhile.
ferior to orbital shakers which can give high oxygen transfer rates. Recipro- Possibly one
cating shakers tend to splash the closure, increasing the danger of 

of the greatest problems encountered with fermentation 
will be contamination. Sterilization is acontamination. Sophisticated vital part of the process but theshakers in which temperature and light are degree of sterility required is a fuction of the end use.controlled may be necessary. 


Media for growth of the biocontrol orgauinn shoubd
A pilot shaker represents the next stage up from 
be as simple asshake flasks; it possible, utilizingallows greater oxygen a standard set of inorganic sadts and sourcs of carboninput and controi as well as control of temperature, and nitrogen. Production of spores in the fermcntor may btpH, agiiation and foaming. Oxygen enhanced bymass transfer is a major problem for changes in media components .; simply by diluting the medium (Auld et
aerobic processes as the solubility of oxygen in water is only about 6 ppm.Oxygen transfer can be increased by agitation which minimizes boundary aL, 1989).Production may also b-c process with a increased by beginning the fermentation

layer resistance and maximizes the surface area for transfer, thus the speed 
larger volume or coricentration of starter culture than

normal. (See Latge &and diameter of the impellor has a 
e. '!oletta (1988) for an extended treatment of thebig influence on oxygen transfer. The production of entomopathogenic fungi in submerged culture).diameter of the impellor should be about one-third the diameter of the 

reactor. Baffle plates assist turbulence, breaking up the liquid; they should 
It may be necessary to screen isolates for spore productivity under

fermentation conditions. The most viruent isJates may not be the mostbe about one-tenth the diameter of the reactor. Standard industrial reactors 
are from productie in vitro. Quantities of original single spore isolates should be1,000 1to 800,000 1. Smaller pilot reactors cannot mimic exactly stored for continued use in larger scale production V-ecau.e of ,-osiible losswhat larger reactors will do; for instance there is a marked increase in shear of virulence, thrcrugh sub-culturing.at impellor tips but longer mixing times as volume increases. The minimum
size of pilot fermentors generally available is 1 1. 

Recovery of spores from bioreactors ma, be a problem with
filamentous fungi, requiring large centrifuges to spin off spores. FiltrationFermentor (or Bioreactor) operation may be batch culture, semi-batch methods often leave a large number of spores behind in the mycelial mass. 
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Following recovery of spores from a production process it is usually 
necessary to dry them for long term storag2:. It is not always possible to do 
this and retain viability of the .. ganism. It is for this reason that the myco-
herbicide Devine' is sold in liquid form like fresh milk. Drying should be 
done as quickly as possible under 'clean' conditions to prevent bacterial 
contaminatior.. Sp.ores may be washed during the collection process but 
this ma-; reduce rif.ctivity by removing enzymes in the matrix which 
surrounds man,.: ';Dures (McRae 5 '>tevens, 199(). Inert, materials such as
kaolin, diatomaceous earth, or silia gel, may be suitable to hasten drying
and to act as carriers. Contamination of the spore slur-y during this stage 
may be a problem, so it is preferable to dry spores as quickly as possible.Some fungi which do not sporulate in submerged culture may produce
mycelium which can be dried (Pereira & Roberts. 1990) and appiied as 

pellets(Metschnikoff) Sorokin produced by Bayer, Munich, Germany, as BIO 
020 .Such fungi may sporulate following dew (Robers& Wraight, 1986;
Romba h et aly,1986; Roberts et al, 1987). Walker & Connick (1983) 

describe the production of sodium alginate pellets of dried mycelium for a
mycoherbicide. 

";!id subirate f:'rmentation 

Solid substrate fermentati.'i, is widely used to produce fermented foods in 
Japan and elsewheic in eastern Asia. Media used contain some liquid; the 
'solid' substrate itself my be relatively inert (e.g. paper, wood, vermiculite)
allowing for use of defined nutrient leve!h On tie other haled, some nutri-
tive slid substrates may be available local', at low costs (e.g. coffee pulp,
sorghum, straw, grcur-dnut shells). Particle -ize, moisture content and 
temperature may alLneed to be controlled for s,-cessful production. 
Equipment used may be bags, trays or rotating drums. 

Industrial submerged culture fermentation production requires con
siderable capital investment. Production on 
solid media may be relatively
costly in terw: :,f labour and materials in the western industrial environ-
muot but not necessarily where labou- is less costly and suitable raw 
material is freely availabLe.

Beauveria bsiianahas been produced on solid su:;bstrates such as heat 
sterilized grains in the USSR and the People's Republic of China. In the 
latter s~stcm 500 ml flasks of substrate are used to 'seed' 5 kg lots of 
stearned grain which is mixed with ten times the amount of ;,heat bran for 
fermentation in flat trays or in outdoor pits (Bartlett & Jaronski, 1988). 
The fungus is produced in liquid surface culture in large inflated plasticbags in Czechoslovakia (Kybai & Vilcek, 1975; Samsinakova et aL, 1981).
Goettol (1984) has also described a technique for producing fungi using 

Fungi as biocontrol agents 

cellophane sheets on bran in autoclave bags. Abbott Laboratories in the
USA have made commercial scale up tests for the fungus, usino solid 
substrate to produce either a v.cttable powder or granu!ar formulation 
(Bartlett & 3aronski, 1988). R.J. Milner (pers. comm. 1991) has developed 
a solid substrate fermentation system for Al. anisopliae using rice, ino
culating with conidia and harve, ing conidia by a washing technique 
(Australian Patent PK3451/90). 

Two pase systems 

A two phase system has beere used for B. bassiana and l. anisopliae
production in the USSR, where mycelium produced in deep tank fernenta
tion is allowed to -porulate in shallow open trays (Goral & Lappa, 1973;Roberts & Yendol, 1981). Walker & Riley (1982) described a similar 
preparation nmethod for Ale-naria cassiaeJurair & Khan for control ofthe weed Cassia obtusifolia. In Brazil M. anisopliae is produced on auto

claved rice or wheat bran inautoclavable plastic bags following inoculation 
with blastospores produced in liquid shake culture (Aquino et aL, 1975,
1977).

Bartlett & Jaronski (1988) highlight the problem of production
volume. They cite typical application rates for Beauveria conidia perhectare as being about I X 104 (however, Johnson et aL (these proceed
ings) suggest 1 X 10"J conidia/ha for Beauveria against grasshoppers);
yields for Beauveria conidia obtainable from liquid surface culture are 1 X 
10"'m 2, submerged iiquid fermentation 3 X 101/1 and 7 X 10' 2/kg for 
solid substrate fermentation. Thus, if submerged liquid production were 
used a fermentation capacity of over 300 1would be required for each
 
hectare treated. Apart from research on maximizing production per unit
 
volume or area, improved formulation and application techniques may

reduce the density of spores required in the field.
 

Formulation 

Formulation has two main aims: to provide an economical and easily
useable form of the active ingredient with long shelf life, and if possible to
enhance the effEctiveness of active ingredient. In many circumstances an 
aim wi!l also be to minimize the quantity of water required. (Devisetty
(1988) has recently reviewed formulations for Bacillus thuringiensis 
Berliner). 

An active in/redient may be applied in the dry state as dust or granules 
or as a liquid or in the presence of liquid. This may be as a wettablepowder, in oil, as aqueous concentrate, or emulsifiable concentrate. These 
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concentrates are diluted by the addition of water. Other techniques such asmicroencapsulation will not be dealt with here, although they may havescope in the application of biocontrol agents.


Given that a biocontrol fungus can be produced en masse 
and dried, itcan be applied as dr', material or formulated as a wettable powder. In bothcases clays such as kaolin, silica gel or diatomaceous earths can be used asfillers or carriers. Dusts are preparcd so that particle sizes are between 3 and50 p.m in diameter; dusts are, however, vulnerable to wind. Granularformulations are less so, being mostly within the range of 0.3 to 1.0 mmdiameter. Granules have been used for mycoherbicide applications byWalker & Connick (1983). Wettable powders may contain dispersing orsuspending agents as well as inert fillers and wetting agents. Sodiumalginate at 0.2-0.5% of final volume, for instance, will help keep some 
spore/clay poders in suspension. Wettable powders have been the Mostcommon form of microbial formulation (most Bacillusthuringiensisis soldin this form); they have advantages of each of s:orage and transport as wellas minimal interactiuon between spores and other components. Moreover,given that most fungi used for plant and insect control require free water orvery high humidity for infection, the provision of water at application is a 
logical tactic. 

Spray supplements 

The most importart group of spray supplements are surface active agents(surfactants), which include wetting agents, ernalsiflers and dispersing
agents. They are characterized by having hydrjphobic and hydrophilicmoieties in their molecular structure. The hydrophobic moieties aregenerally lipophilic. The relative effect of these two parts of the molecule
are described by its hydrophilic - lipophilic balance (HLB). Some examples
of extreme 
HLB value- a:-e oleic acid (1) (lipophilic) and sodium lauryl
sulphate (40) (hydrophific). The following gives 
 an indication of HLBvalues and their application: water in oil emulsifier '(3-6), wetting agents(7-9), oil in water emulsifiers (8-18), detergent (13-15) (Becher, 1973).There are thousands of surface active agents produced by hundreds ofmanufacturers. The choice of surface active agents is apparently limitlessbut governed by appropriate HLB values. 

In addition, sticking agents may be used to improve the adhesion of the 
spray. Materials used include oils, gelatine and gums. Humectants may also beused to decrease the rate of evaporation. Any solute in water will decreaseits rate of evaporation, but propylene glycot and polyethylene glycol have
been used specifically for this purpose. It should be noted that a supple
ment may act in mordispersingagent. 

Fungias lioconirol agents 
Beca.use many plant pathogenic fungi liave a requirrnent for freewater (or dew period) for infection. ceit tfforts by many mycoherbicideresearchers have been .,irected tow;ards overcoming this dew requirementvia formulation; in pi ticular, formulating fungal spores within the aqueousphase of art invert emulsion in oil (or oil mixtures) (Quimby ei ai., 1 89).Although the teL:inique has been shown to overc )rnu the need for dew insome fungi there a serious disadvantages with thu method: ".e amount ofoil requir eadds griouy to the cost of the product, non target contamination by oil, and the difficulty of application of the visco.s material.The lower limit for spore germination for Deuteromy-.tes infectingtc.rcsi:al insects is :,obably about 92% R.H. (Payne, 19881 The microenvironment of 'he surface of the insect may provide sufficiently favourable conditions in an ol~erwise unfavourable environment. The ofuse 

non-aqueous carriers .- asech oil based suspenor,s has been investigatedby some workers (Agudelo & Falcon, 1983) ;:md may show "-mise forlow volume applications of B. ,a.,iana(Prio, e, al, 1988). Frior et at. citework which demonstrated that B. ;'assianadoes not actually require highhumidity for infection but rathe,- ior the production/dispersal of conidia.Glare & Mihaer (in press) cite evidence for : similar situation with M. 
anisopliae. 

ns p i e 
The use of oils of vegetable origin withappropriate emulsifying agents at lower concentrations may be a profitable line of investigation.

Various 6il. have been found to decrease inoculum thresholds for fungalinfection (Rowell & Olien, 1957) and enhance mycoherbicide performance(Boyette e atl, 199i; -'he resulting mixture of oil, spores, inert carrier andwater would be a suspension emulsion. 
The use of microemulsions, which are thermodynamically stabletransparent emulsions of very fine droplet size (< 0.! tm), may also have aplace in biocontrol formulations. Several surfactar:- %re used to achievelow interfacial tensions. Some microemulsion formulations have araehdy
been shown to increase pesticide efi-.acy (Skeitun 
 et aL, 1988).The sensitivity of spores to : .ty ingredient will override other considerations anii viability tests must be made contir:!'liy as a formulation isdeveloped. For in:-ance, Soper & Ward (1981) report varia:ion in theto!erance of M. anisopliae to various kaolins and Daoust et al. (1982record the effect aof variety of formulations on the virulence of M.anisopliaeagainst mosquito (Diptera: Culicidae) larvae. 

Appication 

Because of their small size, fungal spores can sion with conventional equipment- Matt'iews (1983,
usuaily be applied in suspen19F5) hP3 discussed 
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some particular problems and requirements for spray application in the 
troprcs and developing regions. Obviou.,;y equipment will :%eed 'i be freeof residue,, of fungicides and any other harmful chemicals. Notwithstanding
this there may be scone for the addition of low concentrations of conven-tional insecticides or herbicides to increase the efficacv, of a fungus.The range of techniques a'..T:!able for application therefore is as broad 
as those available for conventional pesticidec and herbicides. These includehigh volume (about 1000 l/ha), medium (350 l/ha), low to very !ow
volumes (3-150 I/ha), ultra low volumes (0.5-3 l/ha), controlled droplet

application and electrostatic spraying. 
With medium and lower volumes,high powered fans are usually require with ultra low volumes c ntrifugalenergy may be employed. Symmon , et al. (1989) describe a vehicular 
mounted spinning disc sprayer for 'tlrcarb to d 3low volume applications of bendio-:,cv. locust (Schistocerq regaria(Forskfl)) nr.nhs.


Myc 'insecticides, u-iike mycuherbicides, 
can :ie applied as baits. Branbaits have abeen suc.cessfulNc, ema locustae Canning method for application of the protozoanfor control of ra-eland grasshopper (Miller, 
1984). Novel methods for appiication of B. bassiana in China have l'enoette, 
reported b," 'oper (1982i.crackers a!ed landmines. These included the use of mor.- shells, fire-

ConclusionIn: 

While ther.: are aspects of both mass production and application of fung;4pathogc.as for biocontrol which require a great deal of further work, it is
evident that formulation is the 
erea requiring greatest attention. The need 
f~very high humidit) or free water for many fungi to infect currentlymilita.; against their widespread use. iiowever this requirement should becarefully checked experimentally; it does not appear necessary in B.bassiana and M. anisopliae. In any event, improved Zo:mulations mightalso mean that lower production per unit volume vwe-re required, and lower

application concentrations could be used. 
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AbstractSuccessful ,jseof ento.:,opathogenic fungi as microbial control agents of 
insects wih ultimately depend on the use of the right propagule, formulated inan optimum fashion and applied in the field at the right time. For this to beaccomplished, dctaied knowledge of the host-pathogen interactions and 
epizootiology is critical. Research and development must then concentrate on 
develhping a method of mass production, formulation, and application, that
retains the ability of the pathogen to kill its host. In this brief review, thepresently available methods for mass production, formul.:on, and field 
application of entomopathogenic fungi are prsesnted. Methods for massproduction are in tivo, submerged cuirre, and surface culture. A major
current limitation is the lack of readily available formulation technology.
Consequently, formulation is frequently simple or nonexistent. Since fungal 
propagules are microscopic, ost can be applied as conventional chemicalinsecticides; however, since we are dealing with a system involving two livingorganisms, application methods have to take into consideration the multitude 
of factors that may affect host-pathogen relationships. 

Inroducion 


Successful development of a pathogen as a microbial insecticide depends
on many factors. Not only must the pathogen be virulent against its
intended host, but it must also be produced in large quantities, formulatedin a way so as to optimize its storage, application, and virulence character-
istics, and it must be applied in the field in an economical and efficacious 

Field application ofcnlomopathogenirfungi 

way. For Bacillus thuringiensisBerliner, the attributes of the pathogen have 

made development relatively easy; fungi on the other hand, are provingmore difficult. 
Recent reviews on development of fungi for pest control include thoseof Hall & Papierok (1982), Lisansky & Hall (1982), Latge & Moletta 

(1988), McCoy et al. (1988) and McCoy (1990); revie-,s on mass produc
tion include Soper & Ward (1981) and Bartlett & Jaronski (1988); and
reviews on formulation include Soper & Ward (1981), Sawicka & Couch(1983, Most & Quinlan (1986) and Baker & Hes (1990).
 

In the presentapplication paper, we review the production, formulation, andof entomopathogenic fungi with particular emphasis on how 
these relate to grasshopper control. 

Mass production 

Although some potential!y useful entomopathogenic fungi are difficult tomass produce, the great majority grow profusely on very simple, inexpen
sive media. There are several methods available for the mass pioduction ofentomopathogenic fungi; in vivo, surface, and submerged culture. Themethod used depends largely on the growth requirements of the fungus in
question and the end product desired. 

Production in vivo 

Many obligate entomopathogenic fungi have complex nutritionai requirements and are very difficult, if not impossible, to grow in artificial culture.
Therefore, the only alternative is to propagate these fungi in vivo (Ignoffo
& Hink, 1971). However, invivo production isrelatively expensive and it
 
ink, 191) nis doubtful this methodho couldever ever uspduconoirlly eopens anduitbe used economically for mass prodauc

tiongardedof a fungus for usealtogether, as as a microbial insecticide. It must notcommercial be disreproduction of several grasshoppermicrobial insecticides is based on the in vivo production of NosemalocustaeCanning. 

In vivo production could be used for dissemination of a fungus ina 
programme of classical or inoculative control; in vivo produced inoculumcould be introduced into an areLwhere it does not occur or to induce an 
epizootic at a time when it would not normally occur. For instance, there is
stili potential for classical biological control through introduction of fungal
strains or species from other geographical areas. 

Entomophag.n grylli (Fresenius) Batko, a fungus responsible for numerous epizootics in grasshoppers worldwide (Skaife,Riegert, 1964; Roffey. 1968; 1925; Pickford &Milner. 1978; Erlandson et aL, 1988), is an 
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example of a fungus which, although it can be grown in vitroas protoplasts 
(MacLeod et aL, 1980), produces infc,.tive stages only in vivo. Successfulusc of this fungus as a microbial insecticide would require mass production
in vivo. However, there is still potential in using E. gryili for classical 
biological control: recent work by Carruthers et al. (1991) is aimed at
exploiting in the USA a particularly virulent pathotype of E. grylli 
imported from Australia. 

Submerged culture 

Most technology for mass culture of fungi has been developed towards 
harvesting fungal meabolites using submerged liquid fermentation;
however, few entomopathogenic fungi produce infectious propagules in 
submerged culture. Some exceptions are Culicinomycescla visporus Couch,
Romney & Rao (Roberts & Sweeney, 1982), and selected strains of Asper-
gillus ochraceus Wilhelm (Vezina et aL, 1965), Beauveria bassiana(Bal-
samo) Vuillemin (Thomas et al., 1987; Rombach et al., 1988; Hegedus et
aL, 1990) and Hirsutllathompsonii Fisher (Van Winkelhoff & McCoy, 
1984) which pruduce conidia it.submerged culture; however, these conidia 
are usually less virulent and are shorter-lived than surface-produced ones 
(Roberts & Sweeney, 1982). Much more research is needed before this 
method can be adopteu or mass production of conita of many entomo-
pathogenic fungi. 

Most hyphomycetous fungi produce blastospores in submerged
culture. Blastospores are short-lived and, consequently, have generally not 
been adopted for field application (Ferron, 1981; Roberts & Humber,
1981). An exception is Verticillium lecanii (Zimmermann) Vi6gas which 
has been used successfully as a dried blastospore preparation for control of 
greenhouse whiteflies and aphids (Lisansky & Hall, 1982). In this case, 
much of the mortality actually occurs from infection by conid-a which
develop after the formulation has been applied to the plant surface. 

A recent breakthrough has been the development of a method for 
producing dry, viable mycelium which can be stored under refrigeration
(McCabe & Soper, 1985; Andersch et al., 1990). When introduced in the 
field, particles of d.y inycelium rapidly produce infectious conidia 
following rehydration from dew, rain, or soil mo:sture. This method can be 
used with rmaay species of fungi including Metarhizium antsopliae
(Metschnikoff) Sorokin and B. bassiana(Pereira & Robert,, 1990) and has 
been successfully field tt;Aied (Rombach eiaL 1986a, 1986b, 1988), and a 
commercial product, Bayer 1020, developed. 

Submerged fermentation is most often used in a diphasic method of 
production; blastospores and mycelia are produced in submerged culture 
and then transferred to surface culture for production of conidia. 

Fieldapplicationof entomopathogenicfungi 

Surface culture 

Many fungi grow profusely on damp solid media and produce conudia aeri
ally. Surface cuiture on solid or semi-solid media is usually best suited for 
these fungi which include many species in the class Hyphomycetes. M.
anisopliae is produced commercially in Brazil for control of the sugar
spittle bug (Mahanarvaposticata (StY!)). The fungus is grown on sterilized rice in autoclavable polyethylene bags for 15 to 20 days, dehydrated
at 25C and 35% RH for 72 h, and then milled to obtain a coniidial powder(Aquino et al., 1975, 1977; Mendonqa, these proceedings). Surface culture 
methods were developed by Goettel (1984) to produce conidia of severalHyphornycetLs, including B. bassiana,on bran and by Daoust & Roberts 
(1983) to produce conidia of M. anisopliaeonrice. 

Mass production of B. bassiana using surface culture has been in 
progress for many years in the USSR and the People's Republic of China.
For exampie, 22 t of Boverin (B. bassianaplus iner ingredients) has been 
produced in a year from a pilot plant in the USSR (Ferron, 1981). In the 
People's Republic of China conidia are produced on wheat bran, rice
powder, compost, or ground corn stalks in flat trays, glass crocks or shallow 
outdoor pits (Hussey & Tinsiey, 1981). 

A unique method of surface culture using liquid mediL has been deve
loped for B. bassianain Czechoslovakia (Kybal & Vlcek, 1976; Samsina
kova et aL, i981). Sporulation takes place on the liquid surface in largc,
inflated plastic tubes. The conidia are harvested by draining the liquid once 
conidiation is completed. 

In the western world, there has been relatively little commercial 
interest in mass production of B. bassiana despite many research 
programmes involved in the development of this fungus as a microbiz! 
ontrol agent. Abbott Laboratories was developing methods for commer

cial scale-up of B. bassianain the USA, but this programme has recently 
been abandoned (S.T. Jaronski, pers. comm.).

A recent breakthrough has been the development of a solid culture 
process for B. bassianaby Mycotech Corporation, Butte, MT (Bradley et 
aL, in press). The process uses a packed bed, solid culture system. A liquid
phase is absorbed in a starch-based culture substrate. The gaseous phase
remains in the interparticle spaces and the fungus growing on the substrate 
particles is aerated directly from the gas phase. Using this technique,
Mycotech has produced B. bassianaat small pilot scale with yields of 1011 
conidia with fermentor volumes of less than 1 1.Dry conidia powders
contain up to 10'' spores/g. This process has also been used for production
of Paecilomyces farinosus, P. canadensis, Nomuraca rileyi (Farlow)
Samson, and H. thompsoniiand could probably be used fr production of 
most species of hyphomycetous entoroopathogenic fungi. 
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Formulation 

A major current limitation in the developmnent of fungi for insect control isAh maocurretadi aviablefn thedevelopmenolngy. formctono isthe lack of readily available formulation technology. Formulation isfrequently simple or nonexistent. Yet, it is through formulation that 
improved shelf life, persistence, efficacy,achieved. and field targeting could beHowever, formulating entomopathogenic fungi is in its infancy
and poses a very complex challenge. The little technology that does exist is 
usually proprietary information.Formulations of fungi may incorporate additives such wetters,asstickers, humectants, UV protectants, and thixotropic agents. Types offormulation include dust, granular, wettable powder, liquid, and flowableformulations. The choice of formulation must ultimately be chosen on the 
b a sis of m ode of in fec tion, ta rget host ha bitat, and a p plication m eth od.B. bassianahas been successfully formulated for grasshopper controlin wheat bran baits and oil. However, field results are inconsistent andfurther studies of formulation effects on host pathogen relationships are 
needed (see Johnson et at, these proceedings). 

Application 

Since fungal propagules are microscopic, most can be applied as conven-
tional chemicl insecticides. 
 It is somehow perceived that, if enoughinoculum is applied, ultimately the hosts will succumb. Hewever, this may

be reason why we not
have progressed sufficiently in successful field
application of entomopathogenic urgi; too 
 much emphasis has been 

placed on formulating products which 
can be applied using methodologydeveloped for chemical insecticides and not enough attention has been 

placed on host-pathogen relationships. Since we are dealing with a system
involving two living organisms (i.e. the host and its pathogen), application
methods have to take into consideration the multitude of factors that may
affect host-pathogen relationships, sunlight, temperature,age, inoculum targeting, etc. method humidity, hostThe of application is, of course,dependent on the type of formulation available. Since very few formula-

tions are available, most preliminary field testing is done with an
formulated, un-


or crudely formulated active ingredient. iowever, it is difficultto justify allocating many resources to formulation development unless theactive ingredient has been shown to be effective in the field. 

Field application 
must target the inoculum to .he host. Since, for themost part, entomopathogenic fungi infect via the external cuticle, thepropagule must come into contact with the insect cuticle. CosCultura 
even suble differc esinto o tact ithour fcle. ot equently ,
maygr a t 


even subtle differences in host behaviour may greatly atfect the efficacy of 
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an application method. For instance, two species of aphid, Myzuspersicae
(Sulzer) and Aphis gossypii Glover, are equally susceptible to V Iscanii;however, control of A. gossypii was markedly less than that of A. persicaewhen V.lecanii was applied according to the manufacturer's recommendations (Hal & Papierok. 1982). This effect was attributed to the highermobility of Af. persicaeresulting in contact with the fungal spores. This lack 
of adequate contrcl of A. gossypiiwas overcome by the application of thefungus using a low-volume electrostatic rotary atomizer which optimized
deposition of spores on the aphids (Sopp et aL, 1989). 

B. basianaproduced using Mycotech's surface culture methodbeen formulated as bran bait or 
has 

oil formulation (Johnson et a., theseproceedings). Oil-formulated conidia becan dispersed in 30-300 Jimdroplet sizes using hand-held low-volume spinning disc sprayers. Microscopic observation confirmed even distribution of viable conidia in oilro Appicatior e of is on in o l pi t n rib uti bable d 

droplets. Application rate of 1p'- spores/ha 
can be applied in a totalvolume of 3 . Although grasshoppers succumb to both formulations inlaboratory assays, field trials have given inconsistent results (Johnson et aL,
these proceedings). 

Conclusions 

Successful use of entomopathogenic fungi will ultimately depend on the useof the right propagule, formulated in an optimum fashion, and applied in
the field at the iight timc. For this to be accomplished, detailed knowledge

0n the host-pathogen interactions 
 and epizootiology is critical. Researchand development must then concentrate on developing a method of mass

production, formulation, and application that retains the ability of the

pathogen to kill its host.
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Abstract 
The fungus Metar.iziumnanisopliae(Metschnikoff) Sorokin is used for the
control of sugarcane froghopper, Mahanarvaposticata(St~l) (Homoptcra; 
Cercopidae), on a large scale in Brazil. The present article discusses the 
background to early work on the fungus, current mass production, substrates 
and techniques, quality control, formulation, and application. 

Introduction 

Epizootics of the fungus Metarhizium anisopliae (Mietschnikoff) Sorokin 
on the sugarcane f:oghopper, Mahanarvaposticata (StAl) (Homoptera: 
Cercopidae) were first reported in the region of Campos, Rio de Janeiro, in 
1964 by Guagliumi (1973). 

In the 1960s, with the spread of Al. posticata,the Commission for the 
Control of the Cane froghopper in the states of Alagoas and Pernambuco 
(CCCEAP) was set up to deal with this pest, principally using insecticides. 
In 1969, during a bear.h for biological control agents, a natural epizootic of 
Mewihizium anisopliae in the root froghopper, Mahanarvafimbriolato 
(Stll) was observed by the author and E.J. Marques. With the collabor
ation of Maria de Lourdes Aquino of the Agronomical Research Institute 
(IPA), the first isolation, laboratory -.ulture and experimental applications 
were carried out. 

In 1970, mass production and large-scale application were begun in 
Alagoas and Pernambuco. Several other Brazilian research organizations 
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became involved in research on 

Mciarhizium anisopliac for controlof 'wugarcanefroghopper 241the utilization of Melarhizium anisopliae 1. isolation., purification and characterization ef the fungus to be producedincluding IAA-PLANALSUCAR and EMBRAPA/CENARGEM. 2. preparation of the fungus strain inoculum 
3. preparation of the inoculum suspensions in 800 ml Roux flasks 
4. preparation of the rice medium5. inoculation of the 500 ml flasks for mass production 

Liquid media 	 6. germination and growth7. sifting and storage of spores.

The use of liquid media for mass 
production of entomopathogenic fungi isstill at an experimental stage. A medium based on molasses, soya flour and 

This method usually gives a final yield of 10% conidia, but it can be as 
mineral salts high as 16%. Contamination does not normally exceed 5% of the bottles.gave low spore yields (Alves, 1983). Cruz et al. (i983)demonstrated satisfactory sporulation in media containing bean 	

The residual rice is not used again in the laboratory; it is often used in thebroth. In field in granulated form as an additional sourceCuba, 10" l spores/I of Beauveriabassiana(Balsamo) Vuillemir have been 
of inoculum (Marques et 

aL, :981; Mendonca & Rocha, 1987).produced in floating cultivation on a medium containing the following
ingredients;

Molasses 20-50 g/lThsmto 	 Production in plastic bags 
Ammonium phosphate 3 g/l 	 usnplti 

,crety 

Copper sulphate (7H3) 0.5 g/l 	 This method, using polypropylene plastic bags, is currently the most widelyused means of producing Al. anisopliae.It is also used for the production ofB. bassiana;in both cases, rice is used as the Eubstrate. 
Stages 1 to 4 are identical to those mentioned above:5. preparation and inoculati a of plastic bags
Rice has been the most commonly used substrate for the mass production
of M. onisopliaeard B. bassianain Brazil. Yields of fungus vary from 10 to 

6. germination and growth
 
14% of the substrate weight, depending 7. storage of the bags with fungus.
on the quelity of the rice. Corn This method yields(raw and triturat "d), potao, beans, sorghums and soya were also tested; all 

10% of fungus, up to 1010 speres/g (Aquino et aL,
 
gave lower yields than rice. 1977; Meadonca & Rocha, 1987).


'With the intention of reducing costs, Biotech 
 (Controle Biologico 
Ltda) in the staic of A!agoas, introduced some innovations in the plastic
bag technique, as follows:Mass production techniqtues 1. use of pre-soaked rice instead of dry r-c Yield is increased by 

Various mass production methods have been investigated in Brazil; in this 	
enlarging the rice grains and tt.us increasing :heii surface area, resulting ineconomies of up to 50% in the amount of rice usedpaper, we will only consider those methods currently in use, or likely to be 2. reduction in the size of bags from 40 X 25 X 0.1used in the futu-e. cm to 35 X 22 X 0.1 
cm with an economy of 20% 

Production in wide-mouthed glass bottles 	 3.50% in the number of bags used.use of 300 or 400 g of rice per bag instead of 200 g, providing a gain oi 

This method has been widely used in the north-east of Brazil since 1969 fcr 	
With these changes, and using thc isolate PL 43 of M. anisopliae anaverage yield of at least 101" spores/g of i-ice is obtained.the mass production of M. anisopliae,and, on a smaller scale, B. bassiana.Curretly, this method is not so widely used due to the high cost and diffi- Production in trays (Biomax method)culty of replacing the bottles. 

The following stages are followed: 
Developed by the Labormax Produtos Quimicos Ind. e Coin. Ltda., in SioPaulo, this method is no longer used due to the serious problem of contain
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ination. In Cuba, a similar system is used for the production of B. bassiana 
on barley substrate. 

Stages 1to 4 are the same as those mentioned above (Alves, 1983). 

5.preparation and inoculation of the trays
6. germination 

7. sifting in vibratory sieve 
8. quality control and formulation.
 
This system shows an average yield of around 8.5%. 


Qormalttnyadcontrolio 

Quality control 


The mass production of a pathogen requires rigorous quality control. Thefollowing factors need to be taken into account when selecting a strain forproduction; pathogenicity (LD,0), conidia production, ultra-violet resist-
ance, conidia viability, etc.During production, the following quality control tests are carried out at 
IAA-PLANALSUCAR. 

Conidialconcentration 

Weigh 0.1 or 1 g of the end product; prepare an aqueous suspension

containing a dispersant. The number of conidia/ml is determined using a
Neubauer chamber. The number of conidia/ml times the volume of dilu-
ton will give the number of conidia/g. 


Conidialviability 

PDA petri dishes plus antibiotic are prepared, conidial suspension is added
and the plates incubated for 18-20 hours. 500 spores are checked in two

dishes. This test is carried out 0, 30, 45, 60, 75 and 90 days after the fungus
is produced. The result is given as a germination percentage. 

Purity 

Ten microlitres of conidial suspension at a known dilution (500 to l,)000conidia/10 ml is pipetted on to five dishes of PDA with antibiotic and fivewithout. After four to five days incubation at 27 to 28"C, the colonies of M.
anisopliae are counted as well 	 as those of contaminating bacteria. Theresult is given as a percentage o: ourity. 

Metarhizium anisopliae for control ofsugarcanefrof,&opper 

Virulence (relativedose response) 

The LT5o of the test strain and the standard is deaermined by bioassay in 

the test insect. The relative response (RDR) is determined as follows:RDR = 	LT50 of standard
 
LT of st n gus.
 

Formulation and application 

The application of M. anisopliae for the control of Mahanarvapo:ticata
froghopper has generally been carried out using at, aqueois suspensionobtained by washing the rice and fungus with water. The application rate is200 g of conidia/ha, corresponding to approximately 102 conidia/ha.


Around 1975, 
a product called Metaauino was developed in the s'ate 
of Pernambuco, in which the rice and conidia were ground to a powder.This product was suspended in water at the time of application (Aquino et 
al.,1975). 

Biotech recommends an application rate of 1013 conidia/ha. Thiscorresponds to the average production from 10 plastic bags, and this higher 
dose gives better control in a shorter time (Mendonca & Rocha, 1988).
The volume of suspension applied/ha varies according to the appli
cation equipment used:
 
Ground application
 

- back-pack sprayer 400 I/ha- animal-drawn sprayer 200 l/ha
 
- motorized sprayer 
 50 I/ha 
Aerial application 20 I/haDuring periods of high fungus producticn, the residual rice followingconidial separati-n is commonly used as an additional source of inoculum,
applied by plane.

The production progrmme installed inthe north-eastof Brazil has
 

produced over 50 t of Metarhizium anisopliae since 1977. More than 
600,000 ha of sugarcane has been treated with this material, making this 
the biggest microbial control project in the world using M. anisopliae. 
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The principles of ultra-low volume 
spraying in relation to the application
of microbial insecticides for locust 
control 

G.A. Matthews 
InternationalPesticideApplication Research Centre, ImperialCollege ofScience, Technology andMedicine, UK. 

Abstraci 
Droplet size needs to be "lptimizedat 70-100 pm VMD to drift spray locusts

using aerial or ground equipment to apply ultra-low volumes (I 1/ha). The
concentration of conidia is determined by the dose per insect and number ofdroplets expected to be deposited on the locusts. Rotary atomizers are
appropriate to achieve the narrow droplet spectrum required.
 

Introduction 

Aerial and ground ultra-low volume spraying began with research on appli
cation iechnology for locust control, and especially with the concept ofvegetation baiting using a persistent insecticide, notably dieldrin (Cour
shee, 1959). Using an exhaust gas nozzle to provide a plume of oil-based 
spray which is deposited over a swath downwind, it was estimated that as a 

2fifth instar hopper could eat app;oximately 10 cm foliage per day, so a
lethal dose of insecticide would be accumulated if there were an insecticide 
deposit of 4 JIg/cm2 . 

Successive track spacings of 200 m have been recommended with theexhaust nozzle drift spraying technique, with droplets having a volume 
median diameter of the order of 100 jim. The actual distribution of droplets downwind depends on their size and movement re;,!:,e to the air
turbulence, but the aim is to have dropets falling at an angle of 5-7*to the
horizontal so that a high proportion of the insecticide is deposited onvertical surfaces, such as the clumps of grass which areon the locusts 
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feeding, rather than wasting chemical on the exposed soil surface. A Peak
deposit occurs at a particular distance downwind from a single swath, butwith a persistent stomach poison accumulated by the locust hopper, thevariability in deposit is relatively unimportant. However, if a contact insec-ticide is applied the track spacing needs to be adjusted to provide over-
lapping swaihs that overall produce a more unifo-m deposit.


Johnstene (1991) has developed a computer 
 model to predict thedose received by settled locusts, for example, it predicts that a 100 m trackspacing is justified for a spray emitted at 15 1/min flow rate containing
droplets with a volume median diameter of 120 pimheight of 10 m in a wind speed not exceeding 2 m/s. 

or less released at a 
This paper discusses the relevance of the earlier studies on ultra-lowvolume spraying to the requirements for efficient transfer of a fungal 

pathogen to settled locusts. 

Droplet size 

Theoretical studies on the impaction of droplets on flying locusts suggested
that the optimum droplet sizestudies have confirmed was 50 jm (Townsend, 1948), and otherthe importance of aerosol droplets ( < 50 jim) fordirect collection on insects. However, the smallest droplets are more proneto dispersal in air currents and can be lifted away from vegetation underhot convective conditions. It was for this reason that the drift spraying tech-nique compromised on a vo-!ne median diameter of about 100 [Lm drop-lets. This avoided excessively large droplets which wasted chemical and yethad a large number of droplets below 100 jim, filtered out by the vegetation
and insects provided the sprays were applied early in the day, preferablyunder adiabatic or inversion conditions. 


Recent studies of deposits on grasshoppers have confirmed that better
control was obtained with droplets with a vmd of 76 jim rather than 44 jIm.

(Symmons ei ., 199 1). 


Formulation 

When small dioplets are used, rates of evaporation can be high as both theconvective and radiation heat transfer coefficients are inversely propor-tional to droplet size (Courshee, 1959). In consequence, relatively invola-tile oil-based formulations are preferred, although in agricultural work, 
.-- ter-based formulations have usedbeen successfully if an involatile 
component is used to restrict the effect of evaporation on droplet size to
prevent their shrinking too small. 

Principlesof UL Vspraying 

Spray volme 

This is determined on the basis of droplet size (d) and the number of droplets (n) required per unit area. Thus when spraying a flat surface the
number of litres per hectare (Q): 

Q = na (100)' 
60 (d) 

For example if you require 19 droplets of 100 [4m 2per cm you need toapply one litre per hectare. The number of droplets needed is affected bythe amount of the insecticide that be carriedcan in individual droplets, 

and, taking into consideration that the carrier liquid needs to be relativelyinvolatile, adhere theto insect surface on impaction, and spread and
transfer the toxicant. 

Spray concentration 

With particulate suspensions it is necess..ay to have the appropriate concentration of particicb in each droplet. Several studies have considered this inrelation to the application of baculoviruses: thus, against Panolisflanmea
(Denis & Schifferm0lla) (Lepidoptera: Noctuidae) Entwistle (1986)
required a delivery of 10-20 polyhedral inclusion bodies (PIB) 
 per dropletwith 1.1-2.2 X 101" droplets per hectare. They obtained the best results
with .he lowest number of PIBs per droplet, but more droplets per unit
 
area (Entwisfle ei aL, 1990).


If a practical optimum droplet size of 70-100 t m is selected, each
droplet will have a volume of 180-524 picolitres. Thus if 1,000-40,000conidia per insect are required to cause mortality of Schistocercagrega-ia
(ForskAl), the concentration in the spray can be varied in relation to the 
number of droplets that might be expected to deposit on the locusts.Assuming 20 droplets of 500 picolitres impact, i.e. 10.00020,000 conidia would picolitres,need to be suspended in this volume of oil, i.e. 2 X
 
10
 '2 conidia per litre. The chances of more droplets impacting directly onlocusts will increase if the volume is increased, and the concentration ofspores kept to a minimum. lowever the cost of the carrier oil and thelogistics of maintaining a high work rate over the extensive areas withlocusts, necessitate that the volume per hectare is between 0.5 and 2.0 I/ha

and preferably about I I/ha. 
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Conclusion 

Regard'_ss of whether the application technique involves aerial, vehicle-mounted or hand-held equipment, locust control with liquid formulations 
is normally carried out at ultra-low volume application rates. Rotary atomizers are most commonly used !or this purpose, and in order to be mosteffective it is impor.ant to optimize the rotational speed and physical char-acteristics and flow rate of the formulation, to achieve a narrow droplet 
spectrum of an appropriate size. 
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Controlled droplet application ofmycopesticides to locusts 

R.P. Bateman 
International Institute of Biological Control 

Abstrc 

Oil-based ULV formulations containing conidia of Metarhiziumflavoviridehave been prepared which are compatible with equipment for controlled
droplet application and are toxic to Schistocerca gregaria. The numericalaspects of mycoinsecticide sprays are discussed and compared with the
activity of chemical pesticide. 

Introduction 

Application of entomopathogenic fungus spores has in the past usuallyinvolved hydraulic spraying techniques. These have the advantages ofversatility and familiarity, and aqueous media have often been selected in
the belief that a humid environment is required for :he survival and germination of fungi. Prior et al. (1988) demonstrated that Beauveria conidiospore suspensions appiied to Pantorhytes plutus (Oberthflr) (Coleoptera: 
Cerculionidae) had lower LD,(, values when formulated in oil than whenthey were water-based. The IIBC group in the Locust & GrasshopperBiological Control Programme (LGBCP) has subsequently established thatlocusts can become infected by topical oil-based applications even underdry conditions,. Howeve- horizontal transmission is believed to be unlikelywithout a humid environment, therefore good spray coverage of each
insect is necessarv. Maximization of coverage at low volume application
rates of spray mixture essentially requires the production of large numbersof small droplets - however not so small that they do not deposit on their 
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be misleading however, since the slope of the dose response curve for 
fungus pathogens is often much shallower than for that of chemical pesti
cides. The data in 'fable 1 show 2-3 times differences between LD,0 and 
LD, for chemical insecticides. In the test desTibed above the difference 
was six-fold, however Lai et at (1982) measured 12-62 times differences 
with various fungus strains active against termites, and Prior et at (1988) 
calculated LD95 values that were 3-4 orders of magnitude higher than the 
LD,0s. 

Controlled droplet application (CDA) 

Atomizers that can produce monodiserse (uniformly sized) sprays include 
rotating discs, cur* and cages. The centrifugal force acting on a liquid fed 
to the centre of the rotor causes relatively uniform disintegration at the 
periphery under suitable operating conditions. When spinning discs are 
used for applying insecticides, the usual form of atomization is via the 
formation and break-up of ligaments. One way of defining CDA is that a 
high proportion (80% or more) of the spray liquid volume should be atom
ized within limits of a required size band (illustrated in Fig. 1). 50-100 Jim 
(65-254 pl) is considered a range appropriate for ULV insecticide 
spraying, and represents an eight-fold dose variation between the limits. 

Frequently the number distribution of sprays produced by ligament 
disintegration has been shown to be bimodal - this is confirmed by studies 
using high speed photography, where the ligaments bre-- up into principal
and 'satellite' droplets. Droplet size may be adjusted most readily by 
changing the disc speed; the nature of the formulation itself and the flow 
rate of liquid has a smaller effect, however large variations in droplet size 
take place under conditions where transitions may occur between single 
droplet and ligament formation, 

The 'Malvern' laser particle size analyser has been used to check that 
the atomization of formulations is suitable for ULV application (i.e. essen-
tially similar to the atomization of existing ULV formulation with 
commonly used equipment). Fig. 1 shows the distribution of spray droplets 
produced with a spore formulation atomized by a spinning disc sprayer of 
the type used in early field trials. The average droplet volume (ADV)* is 
nearly 90 pl, but the distribution is bimodal with two approximately equal 
modes by droplet number; these represent volumes of approximately 10 

The volume ;n pl represented by the volume average diameter (VAD) or D,,,. It is an 
estimate of the: 

Total volume ot spray of the sample measurc-d. 
Total number of droplets 

Controlled droplet applicationofmycopesticides 253 

Micron 'Micro Viva': 120 r p.s. Foniulhtion: IIBC-8003/0, 40 h/in 

Measured droplet distribution by LUK1.E 
-an 

sO 
UMD 7Ip1 

In band: 8i 

0. , Span 0.69 
Calculated droplet distribution oy NUBER 
C I n 
% OVIT OT'M 0 0 0 0 

V' 
0 4 

N D 
N D 

37L 
34H 

Inband: 43% 

0 1-0 A 87P1 

Figure 1. An example of droplet size mei rcment with a Malvern 2,600 particle size 
analyser. 'Means' indicate predicted aw rage nurber of spores/droplet in each size 
class, for a formulation containing 10"spores/ml. 

and 200 pl respectively. The computl-r programme used to illustrate these 
measurements also displays the theoretical number of suspended particles 
in each size class (in this case represening spores at a rciatively low 
concentration for ULV spraying). It fas of course been assumed that spore 
numbers are proportional to the v..ume of each droplet; this may not be 
the case, and is the subject of current reseaich. 

It is the larger droplets however that constitute by far the greatest 
volume of biopesticide in a sprj, and droplets in this mode are also more 
likely to impact on stationary azridids, vegetation, and artificial targets used 
in field trials. At = 200 pl (70+ trri diam) such droplets should typically 
contain approximately 200 spores at 101spores/ml. Thus, 105 droplets of 
200 pl on each insect might be expected to achieve a 50% mortality in 5 
days with a formulation containing 109 spores/ml; to achieve the same 

res .t in 8 days would require only about 6 droplets. 
There has been evidence that contact insecticides applied as small 

( = 20 fim) droplets are intIinsically more insecticidal for a given dose than
larger ones (e.g. Himel, 1969), however MacCuaig (1962) found no signi
ficant differences in organochlorine insecticide toxicity to adult locusts with 
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droplets ranging from 08-250 [Lm. Much depends on the precise nature of
the acridid target: Symmons et aL (1991) achieved better control of grasshoppers in the field with bendiocarb sprays of volurre median diameter 
(VMD) = 76 jim, than with a VMD of = 44 [Lm. This is clearly a complexsubject, and constitutes another line of research for the LGBCP, both in 
the field and using an experimental track sprayer in the laboratory. 
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Development of a novel field bioassay 
technique forassessing mycoinsecticide

ULV formulations 

R.P. Bateman', I. Godonou2 , D. Kpindu2 , C.J. Lomer' & A. 
Para'fso 2
 

'lnternationalInstitueof Biological Control 211TA biological Control
 

Programme.
 

Abstract
 
An experimental design is preser.ed which allows close simulation of field
conditions while retaining a degree of control more typical of laboratory

situations. Oilbased ULV sprays containing conidia of Metarhizium
 
flavovirideW. Gains & J. Rozsypal have readily killed locusts at humidities
lower than previously considered necessary for infection by fungus 
pathogens. 

Introduction 

Different application strategies are likely to be required for the variouslocust and grasshopper biological control prcblems, but most techniquesinvolve ULV spraying with rowary atomizers (Bateman. these proceedings).Small-scale grasshopper control may be carried out using hand-held 

spinning disc sprayers such as the Micron Micro-Ulva or the Berthoud C8.Larger-scale treatments for application to several hectares may be carriedout with the Micron X 15, a stacked array of 88 mm spinning discs mountedon a vehicle, and ultimately, aerial application using rotary cage atomizers 

could be envisaged for treatment of areas of greater than tsha.The number of larger droplets impacting directly on insects in the field 
typically spans orders of magnitude, but is lower than numbers that caneasily be achieved in the laboratory. This has been revealed in pilot studiesusing a fluorescent tracer dye (Staniland, mixed with1959) a pyrethoid,then counting droplets on the cuticle of dead insects recovered after 
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spraying. It is possib'e that an important mode of entry for conventionalinsecticides might be via the smaller droplets or secondary pick-up from
vegetation. The work of Symmons et al. (1991) suggests, however, that
hand-held spinning disc sprayers should be adjusted to produce medium-sized rather than small droplets to achieve optimal performance.


Before carrying out full scale field trials, 
a step by step approach hasbeen taken to the development of spray application, as recommended by
Matthews (1983). This paper describes a novel technique which has beendeveloped to spray acridid targets under controlled conditions, with dropletnumbers commensurate with those encountered following normal field
applications. 

Materials and methods 

Figure 1isa diagram of treatment arenas used inthese tests. An 
area larger 


than 50 X 50 m was mown and sixteen 3 X 3 m sampling zones were 
cleared of all vegetation, in four lines situated at 5, 10, 20, and 30 m down-wind of a marked spray path. Four sets of samples were taken during each 
test, consisting of columns of sampling zones positioned parallel to the 

Layout of field bioassay 

30m 0 E El F__ 

20m C1 [--ni--


Wind direction 

1Om n r] F]jF 

Spray Line' 

Figure 1. Layout of arena trial. 

Assessingmycoinsecticide UL V formulations 

prevailing wind. Vegetation was placed in the centre of each arena toattract the locusts; in the test illustrated cassava leaves sprayed with sugar
solution were used. 20 newly fledged Schistocercagregaria(ForskAl) adults 
were released onto the p!ants, and more than half of these could usually be 
T ecaptured immediately after spraying; locusts are usually highly active, but can be restrained using paper clips to hold their wings together. A samplingpost was also sited in each arena, and droplet deposits were assessed using
oil-sensitive cards pinned to at. 

This design was developed after analysis of swath pattern data (Figs 2and 3) which has also proved useful for determining practical swath widths
with different application techniques. Tile method was first developed by 
Picken (in Heinrichs et al., 1981) and has been modified by Bateman(1989) with faster ways of assessing and analysing droplet data. There is aninitial peak in deposit, the position of which is dependent on droplet size, 
emission height, wind-speed, air turbulence and formulation characteristics(Johnstone, 1991). After this there isa 
progressive diminution of droplet
 
numbers deposited per unit aia, with increasing distance downwind of a
 
spray line. 

The spray formulations consisted of spores of Aletarhiziumflavoviride 

Micro-Ulva 160 r.p.s. Wind - 4 m/sMean windward. Single swath estimated area under curve: 65110 units. 

200 

140
 

12o
 

Bo 
 General direction of wind 

20 

tDroplets/cm2 : s o A . Distance from passage of nozzle (m) 
Figure 2. Droplet deposits down-wind: single swath. 
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of premature spore germination in the formnulation, and in the other due to Percentage sporulationexcessive parasitism of locust stocks with Malamoeba.A consistent pattern
of mortality, decreasing in the order of 5, 10, 20 and 30 m downwind is 
 5m % spor.usuzdly otoserved. Detailed results of one of these tests are given in Fig. 4, 60.0% T ICm% spar.which shows the total mean mortality at the four downwind sampling posi- I 0m spo.tions over a three week period after spraying. Figure 5 shows the propor- 50.0% 20m %spor.tion of insects for which infection was confirmed by fungus sporu!ation. <030m % spor.

{40.0% Control % spor. 

Discussion 
30.0% 

The experimental layout is designed to provide a variety of mean droplet 20.0% 
numbers at sampling stations, from which it should be possible to correlate
 
mortality with numbers of droplet impactions. The distances fromn the spray10%

line have no particular significance in themselves, apart from providing an
ordinai anking of probability of spray deposit levels. The droplet coverage 
 0.0% -- = _.on locusts can be evaluated with ultra-violet lamps. ,

1 2 3 4 5 6 7 8Winds in Cotonou are relatively consistent in speed and direction and 
9 10 11 12 13 14 1 1617 18 19 20 21 

Days afterapphcationtherefore it is easy to lay out tests ahead of spraying. It may be less easy tocarry out similar experiments elsewhere since such consistency is er:ep-
Figure 5. Same experiment as Figure 4: percentage of insects with positiveidentification of sporulation.


tional away from coastal regions. Unreliable winds are a common problem
 

during tests and spray operations that rely on wind drift; this problem has 
been inadequately addressed to date by research and extension personnel.

5m % mort. 

100.0% - F M%,Mon. 
Acknowledgements 

90.0% - 20m % mon. 


80 0% 
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1,
3IIBC, IITA-BCP and DFPV on the biological control of locusts and grass60.0% - J/ // .. -*. 
 hoppers, which was funded500% - by: the Canadian International Development500% --. Agency (CDA), the Directorate General for Development Cooperation of-
 the Netherlands (DGIS,. the Overseas Development Administration of the40.0%  / . . . UK (ODA), and the United States Agency for International Development 
300% - .(USAID). The authors would also like to thank all their colleagues in the
209/ 


UK and Benin who helped carry out the research, and to Drs G.A.
10. Matthews and C. Prior, for help in preparing this paper. 

1 2 3 4 5 6 7 8 
 10 11 12 13 14 15 16 17 18 19 20 21 References 
Days after application 

Figure 4. Results of second arena test on Schistocerca gregaria: Metarhizium Bateman, R.P. (1989)lioviride spores (a 10" spores/mI). Controlled Droplet Application of Particulate Suspensions
ofa Carbamate Insecticide. PhD Thesis, University of London. 



262 R.P. Btienian. L Godon:ju, D. Kpindu, CJ.Loner & A. ParaiEd 

IEcinrichs, F-A., Chelliah, S.. Valencia, S.L, Arceo, M.B., Fabellar, LT.,
Aquino,G.B. & Pickin, S.R. (1981) Manualfor Testing Insecticideson Rice. 
IRRI Pubications, Los Baros, Philippines.

Joanstone, D.R. (1991) Variations in insecticide dose received tlysettled locusts: 
a computer model for ultra-low-volume spraying. Crop Protecrion 10,183-194. 

Matthews, G.A. (1983) E,'.luation of novel pesticide -<)plication techniques.
EPPOBulletin 13, 525-529. 

Stariland, L.N. (1959) Fiuarescent tracer ,.chniques for the study of spray and dust
depos its. Journal ofAgriculturalEng, neeringResearch 4, 42-81.

Symmons. 	P.M., Dobson, H.M. & Sissoko, M. (19')1) Pesticide droplet size and
effi,.acy: a series of trials on grasshoppers. Crop Protection10, 136-144. 

Equipment
 

"Micro-Ulva' and"X 15" atomizers obtainable from:
 
Micron Sprayers Ltd.,
 
Three Mills,
 
Bromyard,
 
Herefordshire,

HR7 4HU,UK. 

Berthoud 'C8' obtainable from Technoma S.A. 
54,Rue Marcel Paul, 
B.P. 195 F 51206, 
Epernay, FRANCE. 

Panel discussion: precis
 

Replying to a question by Mr Abdalla, Captain Kitenda said that feni

trothion was the pesticide used which gave an unusually delayed effect 
against immature adult desert locusts during operations in 1988 in Sudan. 
Dr Auld commented on the cost of biological agents in Australia. 

Dr Prior asked how bacterial contamination is avoided in the Chinese 
method for mass production of Beauveria in trenches and if the method 
had been attempted with Metarhiziun_ Dr Roberts stated that the Beau
veria isolate used is aggressive and rapidly colonizes substrate rnateria!, 
thus circumventing the need for anti-bacterial compounds. The method has 
been repeated in the USA but not with Metarhiziur_ 

Dr Cardwei vonde-ed what area of rangeland had been treated in the 
USA with Nosema loctstaeand whether it was persistent. Dr Evans said 
that 1.2 million hectares have been treated with the bait formulation, and 
persistence varied from none to confirmed reports of seven years. Some 
ranchers were adding carbaryl to extend residual activity. 

Dr Zelazny asked whether fungal spores aic inactivated at high 
temperatures of around 35 to 45C and if human allergies were a problem
during the production and application of fungal spores. Dr Goettel 
responded by saying that although conidia are unlikely to be killed,
germination and infection could be inhibited. Production, formulation and 
application technologies should be developed which minimize the possible
risks of human allergies. 



Section V 

Biology, Ecology, Field 
Experimentrtion and 
Environmental Impact 



Introduction: biology, ecology,
 
field experimentation and
 
environmental impact
 

D.L. Johnson 
AgricultureCanadaResearchStation, Lethbridge,Alberta. 

Abstr.ctInvestigations into the effects of biological agents on target organisms under
field conditions, and also their impact on the environment, can only be

carried out effectively if due attention is paid to precise experimental design
and methodology. Many biological agents are slower-acting and have less
obvious effects than chemical pesticides and particular attention must be paid
to s "n-nrocedures if their full impact is to be measured. Plot sizes will
 va. 
 ,dng to target mobility, the variable under investigation and thetime scale of the experiment, but due attention must always be paid to
 
established principes of statistical design. Methods which could play a
greater role in analysis of experimental and observational data are discussed
and particular attention isgiven to analysis of covariance and to competing
risk theory. Principles and techniques discussed in the paper are illustrated by
reference to two field investigations on the use of pathogens for locust andgrasshopper control: a field trial on the use of Nosema locustaeCanning for
control of Canadian g,-asshoppers and a laboratory trial on the interaction of
two Nosema spp. infecting ihe migratory locust, Locusta migratoria

migratorioidesReiche & Fairmaire. 

Introduction 

Although the topic of this technical session may at first seem quite wideranging, the organizers have selected four areas which are indeed closelylinked. Field experimentation is the required proving ground of any of the
results of our laboratory experiments or computer models concerned withthe biological agents that have been discussed during this workshop. 

http:Abstr.ct
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Potential biological control agents must pass repeated and carefully 
designed testing before researchers proceed to development of the agent 
for applied use, and during this period numerous questions arise, while 
some of the earlier questions are answered. One of the crucial questions 
waiting for any new agent of insect control that reaches the field testing 
stage is whether any adverse environmental impact is likely, and ultimately 
this question also must be examined in the field. Thus, biology and ecology 
are the matrix within which effectiveness and non-target safety must 
eventually be studied, and the search for improved efficacy and safety are 
linked by a mutual reliance on precise experimental design and method-
ology. 

Part I: design 

After reviewing the published literature on the agents that ,oula provide 
successful biological control of grasshoppers and locusts (examples include 
Entomophaga grylli (Fresenius) Batko, Beauveria bassiana (Bals.mo)
Vuillemin, other fungi, Nosema locustaeCanning, Farinocystissp., para-
sitic Diptera and mites), it is clear that although field experiments must be 
designed to suit the special attributes of each agent and its relationship to 
the host target, some common attributes of field experimentation are 
required for valid hypothesis testing and decisior, making. The impact of 
biological control is often not as clear as in the case of field experimenta-tion with chemical insecticides, nor are biological control studies limited to 

measurement of mortality alone. Therefore, there exists in this area of 
research an even greater need for correct experimental design and for 
useful application of powerful newmetodspoerfu Beoreusefl aplicaion f f anlysi. 
past results in the panel discussion, or attempting to standardize our 

new methods of analysis. Before reviewingevieingJohnson, 

research protocols, it is worth our time to review proven practices and newor tme t isworh 
developments, and consider applications. Speakers have been asked to 
draw on their own experience, so I will use some examples with which I am 

reserchproocos, ireiewproen pactcesandnewproblems 

familiar. 

xpermenatinfildThe asi stps i ae deign excutin, nalsissamplingThe basic steps in field experimentation are design, execution, analysis 

and interpretation. Each of the attributes of the overall design is based on 
or composed of considerations regarding the questions and measurements 
of interest (Table 1). Our field results from planned experiments in bin-logical control of grasshoppeld should be weighed in the context of these 
attributes. 

When testing biological control agents, for example fungal spores 
applied as a microbial insecticide against grasshoppers, ecological attributes 
of both the target and the pathogen must be considered in the context of 
the particular hypotheses to be examined. The particular attributes of 
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Table 1. Fundamental considerations in field experimeitatior,. 

Hypotheses 
- Include both research h otheses and those required for statistical tests 

- Determine the measured variables and suggest design atributes 
Experimental des;gn
 
- Demands for repeatability
 
- Restrictions on randomization
 
- Choice of variables to be controlled and monitored
 
- Method of measurement and sampling 

Concomitant and nuisance variablesExperimental and sampling error 

Analyses and tests 
- Interpretation, may lead to revision of hypotheses; new subsets take 

precedence- Lead to redesign and implementation of subsequent experiments
 
- Communication of results
 

acceptable field trials depend on the questions being asked. For example, it 
is quite valid to conduct a microbial treatment in cages of 1 m 2 when the 

questions of interest concern interaction of synergistic agents with the 
spores over a short period, or when precise measurements of reproduction 
or feeding are to be made, or when only small amounts of inoculum are
available for a first outdoor test of pathogenicity (for example, cage trials -
Johnson et aL, 1988). It is, however, also valid to conduct treatments with 
an agent in larger plots, each 10 to 20 ha, for timing trials that presume
limited movement and targetlarger plotsover requiredless oneae nwi:1989c), of theeven insect are than i season (.

with adven are pts ae require iniolscases in whi 1 
with movement are anticipated (e.g., the fifteen 200 ha plotsused in Mali in 1989 by Van der Paauw et aL, 1990). Very large plots, such 

as in the treatment of plots of thousands of hectares per p!ot by Henry &Onsager (1982) are required to ask other, e !ually valid but different 

that is always right (or always wrong)is single method, particularquestions.methodThere no plot size, application for a or even 

biopong agetor tat s ways sight r a r for andardscof 
biocontrol agent or target pest species, but there are of course standards of 
design that are universal requirements, such as the employment of replication, randomization, adequate sample sizes, and well-tested assay methods. 
Even enormous plot size does not guarantee a useful test if the need for 

replication and randomization are ignored. 
Sometimes field experiments must appear to break :he rules in order to 

test them. For example, it has been generally accepted that the micro
the peak modal density ofthe third instar. A recent field test i-i Alberta of tLis hypothesis dispelled 
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this notion, and will serve here to illustrate some of the basic principles 
involved in field experimentation involving biological control of grass-
hoppers. 

An experimental example: the effects of timing and frequency ofapplication of Nosema locustae on the infection rate and activity of

grasshoppers 


Introduction 

The ability of Nosema locustae to debilitate grasshoppers and locusts by
attacking the fat body and other internal organs has suggested that,
although it is slow-acting, this entomopathogen may have application as an 
environmentally safe, long-term management tool for grasshopper control 
(Henry, 1971, 1972). 

Although the detrimental effects of N. locustae on grasshopper growth
and survival can be demonstrated easily in laboratory experiments, the 
results of field experiments designed to measure its effectiveness vary
widely. Field results have varied from no discernable impact up to 60-70% 
mortality with of of survivinginfection 95-100% the grasshoppers
(although the experiment in which this best. result was observed (Ewen & 
Mukeiji, 1980) was unreplicated, having only one plot of each treatment,
and assessment of the change in population density was not based on actual 
counts of grasshopper density). More typical results fall between these two 
extremes, attaining 30-50% grasshopper mortality caused by N. locustae, 
and infection of 20-50% of the survivors. In atypical situations, such as
application against roadside g:asshopper populations, only about 10% are 
infected (Johnson & Henry, 1987). 

Because the primary goal of both expcrimental and practical field
application of N. locustae has been to reduce the number of grasshoppers
in the treated area, the more susceptible third and fourth nymphal instars 
are targeted (Henry e; al., 1973; Henry & Onsager, 1982). Late-season 
application isconsidered inadequate, or at best inferior to earlier appli-
cation, because the larger and more robust adults are less likely to succumb 
to the disease. Application too late in the season is a common explanation
given for poor field results. However, the nonlethal symptoms of infection 
include significant suppression of feeding (Johnson & Pavlikova, 1986) 
and of reproduction. It is also reasonable to assume that higher rates of 
infection of the adults would increase the rate of transmission of the
pathogen to the next generation. In the interest of maximizing the per-
centage of the grasshopper population successfully infected, the effects ofthe timing and frequency of N. locustae application were examined without 
the constraint of following the methods aimed at attaining maximum grass-
hopper mortality. Because of the controversy surrounding demonstrations 
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of efficacy, the comparisons were made as part of a rigorous field experi
ment. 

Methods 

The N. locustae bait spores used in this experiment were produced and
formulated on wheat bran as described by Johnson (1989a). The spore 
concentration of the formulated bait was 1.3 X 10' spores/kg bait (wet
weight). 

Four blocks of native and improved grass pasture near Taber, Alberta,Canada, were each divided into four 16 l-aplots. Each plot measured 200 
X 800 m. This was considered to be a minimum size for a 9 week ttial. A 
complete set of the following four treatments was randomly assigned to the 
plots in each block: early-season bait application (June, when younger
instars 2-4 predominate), late-siason application (July, when a majority of 
grasshoppers are in the adult stage), double application (both early and late 
application to the same plot), and no bait application (control). The treated 
plots received wheat bran bait containing 3.3 X 101 spores/ha at each 
application in 2.5 kg of wheat bran bait/ha. 

Measured variables were: the infection rate, defined as the percentage
of grassh.ppers collected during the experiment that were found to contain 
N. locustae spores; and the grasshopper population density, estimated by
making counts of grasshoppers observed in 320 permanent quadrats and 
by collection of grasshoppers with sweepnets. The two methods were
employed becuse under typical field conditions the fin, provides an 
unbiased estimate of population density of active and lethargic insects 
alike, while the latter methou depends on grasshopper condition and 
activity (Johnson et al., 1986). 

The log,-transformed count data and the number of sweeps per 100
grasshoppers were analysed separately for each post-treatment sampling
date, using analysis of covariance. Since the quadrat positions did not 
change during the experiment, the pre-treatment observation (week 0) was 
the concomitant variable. Treatment effects were tested with experimental 
error (block by treatment interaction), experimental error was tested with 
subplot error, and subplot error was tested with sampling error among

quadrats. Orthogonal contrasts were 
used to compare the following treat
ment combinations: early vs !ate treatment, single 
vs. double treatment, 
and treated vs. untreated. 

Results and discussion 

Grasshopper population mean density in the plots at the tiLe of treatment 
ranged from 5.0 to 7.5/0.25 M 2.Table 2 indicates how the early and late 
treatments differed in age structure. The results were surprising: although 

http:7.5/0.25
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Table 2. Grasshopper species and age structure at the time of application of 
N. locustae bait in the timing experiment. (Th,.total number collected and the 

percentage of each species isshown.) 


%Adult and species sample size 

Species Early application, Late application"T 

Melanoplus infantilis Scudder 1.1 2584 83.1 2468 
Camnula pellucida (Scudder) 6.6 1341 97.0 1914 
Melanoplus sanguinipes (Fabricius) 3.5 935 69.5 902 
Melanoplus packardii Scudder 3.2 155 92.2 192 
Ageneotettix deorum (Scudder) 0.0 107 89.3 177 
Spharagemoncampestris (McNeill) 0.0 85 58.3 175 
Trachyrhachys kiowa (Thomas) 0.0 80 49.0 98 
Rare species (combined) 1.0 102 47.3 188 

All species 	 2.9 5389 83.6 6114 

125 June 1986. 
b 16 July 1986. 

the mortality rates did not differ, the later application, when older grass-
hoppers predominated, resulted in significantly higher infections. 

Although the infection rate that resulted from the early application of 
N. locusraebait was initialiy higher than that caused by the late application, 
the late application of spores infected more individuals by the end of the 
experiment (X2 = 7.97, P<0.01). The effect occurred consistently: later 
treatment resulted in a higher rate of infection at all four block locatiors 
(Table 3). The degree of infection also differed between the early and the 
late trcatments. The early season infections were not more advanced ordense. 

On no date did early application result in a greater or lesser decline in 
grasshoppers than resulted from later application (up to 8 weeks, P< 0.2). 
At 4 weeks, the overall adjusted mortality (Abbott, 1925) in the treated 
plots was 39% or 8%, 44-, 35- and 14% in blocks 1-4, respectivel. This 
is typical of the range of rsponse to Nosema treatment. We can conclude 
that timing is not as critical a factor as waS believed, relative to other 
variables affecting virulence and efficacy. 

The number of sweeps required to collect a fixed number of grass-
hoppers icreased significantly in the plots treated with N. locustae. The 
estimates of the reduction in density from the quadrat samples were less 
than the estimates based on sweepnet samples. The greater sweeping, effort 
required in the plots treated with N. locustae reflects symptoms of the 
disease which are expressed as reduction in activity or a change in position 
of the grasshoppers. This second result indicates the importance of careful 
selection of sampling methods. 
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Table 3. Repeatability of the greater infection rate resulting from late treatment. 
The values are percentages of grasshoppers infected 9 weeks after the early and 
6 weeks after the late bait application (n - 240 grasshoppers assayed per block)
(Johnson, 1989a). 

Timing Block I Block 2 Block 3 Block 4 

Untreated 6.7 8.3 3.3 5.0
 
Early 16.7 33.3 23.3 18.3
 
Late 46.7 35.0 30.0 26.7
 
Early &Late 36.7 43.3 41.7 33.3 

Part : results and analysis 

Before we look at the results of more field trials, it is helpful to list and 
review some accepted and new methods that are useful in interpretation. 

Data that require such interpretation include: 

Measured variables 
* 	 Population dynamics of target 
o 	 Survival and activity of agent 
* 	 Direct and indirect effects
 

Primary and secondary impact
 

Impact 
0 Primary 
- infection 

predaton 
- parasitism 
* 	 Secondary 
- crop protection 
- synergism with other agents 
- target reproduction 
- short- vs. long-term impact 

Some useful methods for tests on trials of entomopathogens and the 
applications of res~ults of these trials include the following: 
* 	 Analysis of covariance 
* 	 Probits. logits, logistic regression 
* 	 Discrete multivariate analysis counts 
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* 	 Simulation and other non-statistical modelling 
* 	 Competing risks theory 
* 	 Spatial and geographic analysis 
* 	 Expert systems 

This list is a mix of often overlooked standard methods, and some new 
methods that would benefit field tests of microbial pesticides. The applica-
tion of analysis of covariance in field experimentation on biological control 
of locusts and grasshoppers is an obvious but neglected tool that has been 
mentioned in the preceding example. If the sampling sites (quadrats, for 
example) are uniquely identified from start to finish in assessments of 
impacts of a treatment on grasshopper opulation density, the pre-treat-
ment density can be profitably used as a covariate. 'Profitably' means that a 
sufficient portion of the variability is accounted for by the initial densities 
to make up for the loss of the one degree of freedom required for inclusion 
of the pite-treatment density in the model. The user may also be alerted to 
different degrees of effect under conditions of high and low grasshopper 
density, because analysis of covariance adjusts the result on the scale of the 
initial number. Adjustment of the post-treatment counts by the pre-treat-
ment densities is often necessary, but is less preferred because no variation 
(SS) is accounted for in this way. 

Probit-type models can be of use in cases in which we find a dose-
mortality relationship (LD), or in which estimation of the rate of accumula-
tion of mortality is important (LT), although these methods moreare 
generally applicable to carefully controlled laboratory trials. Discrete multi-
variate methods (Bishop et al., 1980) are of vaiue, because our da-ta often 
consist of counts for which we wish to compare and assess interactions, to 
which this method of analysis is well-suited. Computer simulation, usually 
based on difference equations and numerical integration, is a powerful
method of formalizing our conception of the system and determining how 
the system might behave. 

A less well-known method that is useful in this particular area ofresearch is the application of competing risks theory. This is a body of 
statistical theory which seems to have been overlooked by entomologists 
but which may have important applications in insect experimentation and 
population modelling. The theory is no new, but has been used mainly by 
demographers and medical statisticians concerned with analysis of data 
involving death due to one of several possible causes. Competing risks 
,:leory deals with situations in which there is interest in the failure (or exit) 
times of individuals, where the subjects are susceptible to two or more 
causes of failure, and where the failure occurs over time. Questions for 
which competing risks theory is designed to provide solutions include: 

1. 	 inference on the effects of treatments or other covariables on specific 
types of failure 

Biology, ecology, fieldexperimentationand en viron.entalimpact 275 

2. inference on the ways in which the failure types are related under 
specific conditions 

3. 	 estimation of failure rates for some causes if some or all other causes 
were eliminated. 

You will recognize the last point as a variation of a question sometimes 
asked during the interpretaticn of the often murky results of biological 
control field experiments: 'considering the circumstances, do we have 
something here or dc.n't we?'. 

Competing risks theory is useful in analysing the results of biological 
control trials because the models used in analysis of this type of experi
ment, where the impact on the insects may take more time than mortality 
caused by insecticide, are based on stage-frequency data. The models or 
concepts are built around the idea that upon entering a growth stage, 
insects spend a ccrtail'amount of time in a stage and then exit from it 
either by dying or maturing to the next growth stage. The theory allows 
assessment of the simultaneous action of the agent on mortality and on 
developmental success and rate. Explanation of the models involved and 
several formulations of the theory with application to insect experimenta
tion are given by Schaalje et al.(1989). 

An interesting example of application of the value of competing risks 
theory occurred in an experiment designed to determine and compare the 
effects of Nosema locustae and Nosema cuneatum Henry on development 
and mortality of African migiatory locusts Locusta migradoria migra
torioidesReiche & Fairmaire (G.B. Schaalje, D.L. Johnson & H.R. van der 
Vaart, unpublished data). 

Information was desired not only on the rates of successful maturation 
as a function of inoculation rate, but also on the distributions of the 
maturation times. 

Third instar locusts (N=720) were inoculated per os with spores of 
either N. locustae or N. cuneatum at one of the following rates: check (0 
spores), 1X10, 1 1×104, 1X10% or 1×10' per disk. After a 24 hourfeeding period, the treated hoppers were transferred to individual 500 ml 
plastic cages for observation until reaching adulthood. Initial weight, sex 
(,oughly equal numbers were used) and condition were recorded. They 
were fed daily, and dates of moulting, date of death, final weight, and level 
of infection were recorded. 

The observed locust maturation time did not increas, with increasing 
dosage of N. locustae,even though percentage mortality did increase with 
increased dosage. One might erroneously conclude that N. locustaedid not 
affect development, but competing risks analysis and proportional hazards 
analysis indicated that this seemingly obvious conclusion would be in

correct. The 'force of maturation function' indicated that maturation 
decreased significantly as dosage increased, but that the effect had been 
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obscured by mortality. N. cuneatum appeared to have only a slight impact 
on maturation, but the estimated hazard functions clearly showed that 
maturation is severely affected by high doses of N. cuneatum. I will not 
spend more time on this particular method of analysis here, but it showsthat one can be misled by looking for only the 'obvious' effects when two 

competing results, such as maturation and death, are measured in the same 
experiment. 

Field experimentatioi on the biological control of grasshoppers may
benefit from spatial and geographic analysis. New technology in this area
has allowed the assessment of the role of large-sca!e geographic factors in 

determining changes in grasshopper distribution and abundance (Johnson, 
1989b). The same technology al!ows the user to dete-mine and map the 
environmental conditions that may allow a biological control agent to 
operate effectively, or to at least determine the regions that allow survival 

of a pest. An example of the latter use is th CLIMEX system developed 
by CSIRO Division of Entomology, Australia. Other modern geographic 
information systems are in use for forecasting grasshopper abundance, in 
Alberta since 1987, and also recently in Montana (Kemp el aL, 1989), and 
Saskatchewan, and by FAO and other agencies interested in forecasting
African grasshopper and locust appearance (Cherlei, 1990). Adaptaiion of 
the software and database to include natural enemies is likely to be 
completed within the next few years. An example of a geographic-scale
application would be to monitor the occurrence of entomopaihogens over a
large area, for example Entomophaga grylli in the Canadian Prairies 
(Erlandson et aL, 1988). 

Part I11: environmental impact 

There have been several detailed reviews of the impact of possiblemicrobial control agents of grasshoppers. Burges (1981) summarized the 
ways in which microbial pesticides may present a hazard to health, in-
fection of non-targets including people, effects of toxins on human health, 
allergic reaction, carcinogenesis, and mutagenic effects. Other possible 
hazards include ecological impact resulting from removal of pests with 
complex ecological relationships, and the impact on non-target arthropods.
The former is a rare but interesting possibility, but the latter is a more likely 
hazard, especially when applying microbial pesticides with a wide range of 
hosts, e.g. Beauveria bassiana.However, it has been noted (Prior, 1990)
that even these non-specific fungi are limited by environmental restrictions 
and probably do not present insurmountable problems. The host range, 
specificity, and registration status of fungi that could affect nontarget 
invertebrates are reviewed in detail by Goettel et aL (1990). 
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The Beauveia-M elolontha project:
experiences with regard to locust and 
grasshopper control 

S. Keller 

Federal ResearchStationJorAgronomy, Zfirich. 

Abtrzc!
A project on the use of the fungus Beau veriahrongniartii(Saccardo) Pctch
to control the soil inhabiting larvae of Melolontha melolontha Linnaeus,

which has been running in Switzerland for nearly 20 years, is summarized.

Parallels to the possible ue of fungi for the control of locusts and
 
grasshoppers are pointed out and discussed. Emphasis was put on strain
selection, mass production, formulation, application and monitoring the
 
trials. 

Introduction 

In the early 1970s a project was started at the Federal Research Station for 
Agronomy at Zilrich to control Melolontha melolontha Linnaeus
(Coieoptera: Scarabacidae) with the fungus Beauveria brongniartii(Saccardo) Petch (Deuteromycetes: Moniliales). This pathogen was chosen 
mainly for the fol!owing reasons: 
1. it is considered as one of the most important antagonists (Keller, 1986)2. it proved to be the most promising caididate of all tested pathogens 
(Hurpin & Robert, 1972) 
3. it is easy to produce 
4. it is a specific pathogen of Melolontha spp. (Baltensweiler & Cerutti, 
1986. 
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Biology and ecology of tie host The use of blastospores 

In the research area Al. mnelolontha develops in three years. The larvae live 	
Blastospo:es were used for helicopter application to treat the swarmingadults. In this method the egg depositing females arein the soil and feed on roots of nearly all cultivated plants including trees. 	 used to carry the
disease into tile breeding sites. Precise timing of sprayThe adults swarm mainly in May and concentrate at the borders of forests, 	 application is 

After a feeding/egg maturation period of about 7-10 days the females fly 	
necessary since feeding/egg maturation and incubation period last about
the same length of time. Furthermore, the blastospores used in these treatback to the breeding sites (mainly meadows and orchards), burrow into the ments cannot be stored for more thansoil and deposit egg batches. A female 	 4 weeks. Consequently the timemay produce up to thr;e egg between the end of production procedure and application should be keptbatches. Development of the individuals is regionally synchronized so thatswarming of adults takes place every three years. 
as short as possible, which may cause problems.


For the field trials we
Periodic fluctuations characterize the population dynamics. In the past, 
selected two to five strains pathogenic for both

adults and larvae. The strains were first multiplied separately but laterpopulation outbreaks occurred every 9-15 generations (27-45 years) and mixed for the final production steps whichlasted 4-5 generations. The length of tle periods of low density was more 	
took place in a 5,500 I

fermenter (Keller et rL, 1989). The final broth contained about 2 X 10' flexible and lasted 4-10 generations (Keller, 1986). There are three 	 spores/ml.theories to explain this fluctuation: 

The suspension was applied at a concentration of 4 X 10' to 2 X


1. climatic conditions (Richter, 1966) 	
10" 

spores/ml. Skimmed milk2. avai!ability of food for the larvae (Schiitte, 1976) 	 was added as a sticker and UV-protectant. The 
spray3. 	 diseases (Keller, 1986). flights took place in the late afternoon and evenings to reduce in
activation by sunlight. The dosage amounted to 2-4 X I0" spores/ha. 

About 40 micro-organisms and nematodes are reported to be associated with Melolontha spp. About 10 can be considered as primarypathogens. Some are very 	 The use of conidia/myceliumrar. (e.g. viruses), others occur regionally (e.g. 	 The fungus was cultivated on bar!ey kernelsRickettsiella melolonthae Krieg); fungi 	 in autoclavable polyamideand protozoans seem to occur bags (Aregger, in press). After a growth time of about 4 weeks at 18-23Cthroughout the distribution area. the kernels were dried and cooled. At that time the fungus had completely 
colonized the kernels and started to produce conidia. At 2"C the material

The use of the fungus Beauveria brongniariiito control M. 	
can be stored for about a year. The strain and the mode of storage stronglyinfluence the length of storage (Aregger, in press).melolontha in Switzerland 

The kernels colonized with B. brongniartiiwere applied with a drill 
Strain selection and quality control machine which allowed their deposition at a soil depth of about 3-5 cm,i.e. in the habitat of the white grubs. In the soil under normal conditions the 

fungus grows onNearly 300 strains of fungi attacking M. melolontha have been isolated the kernels and produces conidia. The fungal masses on
from larvae, pupae and adults, originating from different geographic 

the kernels remain clearly visible for 2-5 months depending on the season.
In the first two field trials under practical conditions 90-120 kg kernels/haregions of Switzerland. They show a wide variation in growth patterns as were applied.well as in virulence. A::o the susceptibility of larvae from different regions

varies widely.
Strains used for blastospore production and aerial application were Monitoring the trialsselected by virulence tests on larvae and adults. Those used for conidia/mycelium production and soil treatment were selected by virulence tests on Blastospore trialslarvae only. In all cases, re-isolates from infected hosts were used for thefield trials to prevent an eventual decrease of virulence by too long cultiva- The following parameters were checked: 

tion on artificial media. 
1. viability (germination rate) of the blastospores by samples taken im
mediately before spraying 
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2. the effect of spraying on the adults by samples taken before and aft.er 
the treatments 
3. the reproductior rate (ratio of the density of the larvae after the trtat
ment to the density of the adults before the treatment) 
4. the feedin- damage of the adults in the generations before and after the 
treatment 
5. population dynamics was monitored by soil samples taken each year. 
Samples of larvae were taken to determine the infection rate. Both 
samplings were started usually two years before the treatment. The efficacy
is expressed as change of the population density after the treatment in 
comparison to the situation before. 

Conidia/mycelium trials 

Population density was monitored by soil samples, the first one taken 
before the treatment, the second one about 2-5 months after the treatment 
and the following ones in intervals of a year. The efficacy is expressed asabove (5). 

Results 

The results were published in detail (Keller et aL, 1986, 1989; Keller, 
1989, 1991). They can be summarized as follows. 

Blastospore trials 

Treatment of the adults resulted in mean in'ection rates between 63 and 
96% and in a reduction of reproduction rate from 5.1 to 2.15 second instar 
larvae/adult in the trials of 1988. At all sampling sites the fungus es-
tablished in the M. mclolontha populations during thre generation after the 
treatment. The disease developed epizootically in the second generation 

2after the treatment but only at densities greater than 20 larvae/m . At 11 
treated sites we followed the development of the populations for at least 
two generations. At four sites the efficacy was good (more than 80% 
density reduction), at three other sites it was sufficient (50-80% reduc-
tion). No effect was observed at three sites. This failure is attributed to the 
low population density. 

In this method the fungus acts slowly and probably depends on the 
population density. It is therefore unsuitable for achieving rapid, overall 
control; it seems rather to be a method for long-term regulation of the 
populations, as is demonstrated by the trial carried out in 1976 (Fig. 1). 
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Conidia/mycelium trials 

Five months after the treatment, the treated and the untreated populations 

did not differ remarkably in their densities but in their infection rates. The 
fungus needed one more year to distinctly reduce the densities (Fig. 2).
The efficacy amounted to 84% in an orchard and 98% in a meadow. 
Control of the pest insect in the orchard was sufficient, better than with
 
chemicals, and clearly visible by the health of the trees.
 

Comparisons and connections with locust and grasshopper 
control 

Biology and ecology of the pest insects 

M. melolontha spends most of its life in the soil whereas locusts and 
grasshoppers only have their eggs there. Both have periodic population 
outbreaks during which M. melolontha increases densities and enlarges the 
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Figure 2. Development of the population densities and of the infection rates attwo sites following a soil treatment carried out on 13.6.1989. Site 1: naturalmeadow, adults treated with blastospores by helicopter in May 1988; site 2: apple
orchard with usual chemical treatment of the white grubs. 

breeding areas, whereas locusts migrate. The collapse of M. melolonthapopulations is often initiated by diseases. 
Al. melol'untha keeps its breeding sites and feeding places for genera-tions and even over several cycles. This site-fidelity makes it easy to survey

the populations and to plan eventual control measures well in advance, 

Considerations on the use of fungi 

B. brongniartiiwas selected as the control agent mainly for the following 
reasons, it occurs naturally and often causes epizootics, in laboratory and 
field trials it proved to be mor, virulent than other pathogens, it can beproduced in large quantities on sc'id or inexpensive liquid media, and it ishost specific. 

The submersed production requires expensive equipment and experienced staff. B. brongniartiiproduces blastospores which cannot be storedfor a longer period without special formulation. Other fungi (e.g. B.bassiana (Balsamo) Vuillemin) produce blastospores and/or conidia inliquid media. The .pe of the resulting spoies may be influenced by the 
fermentation procedure. A new fermentation technique makes it possible 

The licauvcria-Mclolon-ha project 

to produce mycclial globules, which can .,e dried and stored. After rehydration the mycelium produces conidia (Andersch et aL, 1990). 
A surface production of Beauveria spp. and Metarhizium anisopliae

(Metschikoff) Sorokin can be done with less expensive equipment and lessexperienced staff. But it requires more time, staff and space. Such a
product however, can be stored under cool and dry conditions for manyThe strains to be used must be carefully selected. Fungal strains vary 

in respect of pathogenicity, virulence, production patterns ando:her characteristics. The target insects as well may vary in their susceptibility, depending not only on age and instar, but also on population density 

and geographic origin. It is, therefore, important to search for the bestcombination. The fungal strains must be stored mainrained in a manner to preclude loss or reduction of virulence. or 

Since locusts and grasshoppers 
 live on the soil surface and are distributed over a vast area, ,;nly an aerial treatment makes sense. Many ques

tions remain, for example, dosage, type of fungal material, formulation 
(sticker, UV-protectant, hygroscopic additives, oils, baits, combinations ofdifferent pathogens), application time in respect of both climatic conditionsand stage of development (individual, population), area to be treated, selfprpagation, distribution of the fungus, etc.

pThaims of the n s et, n
The aims of the treatments are to define:
 

1. killing the animals 
2. protection of crops 
3. prevention o forming swarms 
4. limitation (regulation) of the population growth.
The field application must be adjusted to these aims and be monitored in a
 way which allows conclusions about success or failure, and about why and
 
how to improve the method.
 

When setting up a schedule we must be aware 
 that many timeconsuming attempts have to be made and many methods and approaches
have to be tested to draw final conclusions on the feasibility of the use of
fungi to controi locusts and/or grasshoppers. 
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Biological control of grasshoppers in

the Cape Verde Islands
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Abstract 
Beauveriabassiana(Balsamo) Vuillemin was tested against Oedaleus 
senegalensis(Krauss) and Diabolocatantopsaxillaris(Thunerg) in Cape
Verde. Formulations in mineral oil and oil-water emulsions were applied in

the field to 1 ha plots and also to the vegetation in cage trials before
 
grasshoppers were introduced. NosernalocustaeCanning and B. bassiana
 
were also tested as baits. B. bassianacaused a statistically significant 
mortality when sprayed directly on to the insects in 'he field but applicationto vegetation in cages was less effective. Infection occurred in the N. locustae 
trials but was insufficient for control. Studies with the entomopox viruses of 
Oedaleusand Melanoplus -and a survey of pathogens in Cape Verde 
grasshoppers are reported. 

Introduction 

During the past ten years, the National Institute for Agricultural Resc~arch 
(INIA) in Cape Verde has been investigating integrated control of major 
crop pests. This research into biological control methods has concentrated 
on the use of predators and parasites of insect pests of irrigated crops. 
Research into biological control of grasshoppers began in 1989 when INIA 
in collaboration with Montana State University (USA) and with financial 
support from USAID, initiated research on g~rasshopper pathogens. The 
entornopathogens Beauveria bassiana (Balsamo) Vuillemin, Nosema 
locu tae Canning and the entomopoxviruses OPV (Qedaleus entomopox
virus) and MPV (Melanophls entomopoxvirus) have been tested against 
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Oedaleussenegalensis(Krauss), Diabolocatantopsaxillaris(Thunberg) and 35
 
other species. Also, surveys are being conducted for endemic pathogens in
 
the native grasshopper fauna of Cape Verde. 
 30-

S25" : 

Current research situation and prospects E 
a 20 

Beai reriabassiana 15o '" 

The strain of Beauveria bassiana used against Oedaleus sencgalensis in a- 10
trials in Cape Verde on the island of Santiago, was provided by Mycotech

Corporation (Butte, Montana, USA), which has developed production

techniques for this entomopathogenic fungus and which participated in
 
conduct of the trials. The spores of B. bassianawere formulated to produce 0 
 2 4 6 8 1'0 12 14 16 a dry powder containing 4 x 10"' spores/g. Two field trials were Days after treatment

conducted involving both general field applicaticns and field cages and -a-
 Low dose ------ High dose --- Controlwhich were supervised by INIA research scientist, F. Delgado.
Fielddosage evaluation 

Figure 1. Mortality of grasshoppers collected from the field 24h after treatment with 
Beauveria bassiana and held in the laboratory. 

Dosages of 5 X 1012 and 2 x l011 conidia/ha were applied by spraying 
5 I/ha of an oil suspension using Micro-Ulva sprayers. For each dosage, 
three plots of 1 ha, distributed in three blocks, were treated. The same 
number of plots was used for controls. The evaluation of results was by '5s 
assessing variation in population density measured with rings (Johnson et 
aL, these proceedings), and by the percentage mortality of grasshoppers 30
collected 24 and 72 hours after treatment and held in the laboratory to 
observe the development of infection. 25-

The infectivity vi this B. bassionastrain to 0. senegalensis was clearly
demonstrated. For grasshoppers collected 24 hours after treatment, signifi- E 20 
cant mortality was noted compared with the control, with infection of 30%
 
for the highest dosage (Fig. 1). Mortality in grasshoppers collected 72 V is
 
hours after was not significant (Fig. 2) although, for the higher dosage, 2
 
mortality was higher than the control in all plots treated. 
 a-

Estimation of the popula i.., density of 0. senegalensis based on 5
counts of grasshoppers in rings showed a very large variation, and accord
ingly. t was not possible to demonstrate significant differences between 0 . _ - 6 - 1 16 
treatments and contrc!s (Fig. 3). However, in two of the plots treated with 0ays after treatment 
the higher dosage, a very high reduction in the population was noted. -4- eafH treatmenl 

Fomuatontral i cge --- Low dose -1--- High dose -- Control
 
thisultrial treelsfouats wFigure 
 2. Mortality of grasshoppers collected from the field 72h after treatment with 

In this trial three formulations were evaluated at dosages of 5 x 1012 and 2 Beauver~a bassiana and held in the laboratory.X 1013 conidia/ha. The formulations were as follows: 
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Figure 3. Population density of grasshoppers inplots treated with Beailveriabassiana. 

1. suspension of conidia in oil 
2. suspension of conidia in oil mixed with water (10:1) 

The suspensions were applied using Micrc-Ulva sprayers. For the 5 xt101 dose, 5 I/ha of liquid were applied and 10 I/ha for the 2 X 10 3 dose. 
The bait was applied at 0.1 g and I g per cage. Fifty grasshoppers wereintroduced into each cage after treatment of the plots. Infection of the 
grasshoppers was by both contact and consumption of vegetation and bait. 
Grasshoppers were counted on each of 20 days after treatment in each cage. Dead grasshoppers were removed and placed in incubation chambers 
for diagnosis of the infection.The results were based on the average number of live grasshoppers for
each formulation and each dosage. There were no significant differences 
between treatments with condia in oil suspension and control. However,
the percentages of grasshoppers stiil alive at 12 and 20 days after treatment 
with B. bassianaas bait were 12 and 5%, respectively, compared to 50% 
still alive in control groups (Fig. 4). It was not possible to assess results for 
the oil and water formul.tion, because several cages were destroyed by
animals. Both bait treatmen's caused significantly greater mortality tian
that which occurred in the control cages. 

The results (f these field cage trials indicated that formulation was an
important factor in the use of B. bassianaas a bio-insecticide. The applica-
tion of spores in the oil suspension to vegetation was not effective in Cape 

Biological control in the Cape Verde Island 
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Figure 4. Results of the application of Beauveria bassiana as a b.it. 

Verde, contrary to the results chtained in Moi:,ana (Delgado et aL, 1990).
The type of vegetation, climatic conditions and the species of grasshoppers 
may all be factors contributing to this difference. Based on these resultsfurther re._ --ch should address the following: 
1. formulation and application protocols 
2. mode of infection 
3. specificity of B. bassianato certain species of grasshopper. 

Nosema locustae 

The spores of N. !ocustaeused in the trials carried out in Cape Verde were
produced by Evans-Biocontrol in the USA. After bioassav in the labora
tory in Cape Verde to demonstrate viability of the spores, trials were set up
in the field on Santiago island in September 1989, involving two doses of 

'N. locustae: 2.5 X 10' spores/ha and 5 x 10 spores/ha. For the lower 
dose, six plots of 500 ha each were established in areas infested by grass
hoppers. three trtated and three controls. The dose of 5 X 10" spores/ha 
was applied to two plots, one of 200 ha and another of 100 ha with
appropriate controls. Spores of N. locusice were applied in a bran-bait 
formulation with aerial application equipment provided by GTZ. In 1989,
the assessment of results on evaluation of population density,was based 
using the ring method (0. 1 m2) and disease prevalence. The assessment of 
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population density %%as begun two to three days before application and 20 
contined fir 41 days. Disease prevalence was based on percentage of 
gra.,.ihppcr. infected in collections of 100-150 grasshoppers each week 
near the centre of each plot. These samples also were used to determine the . . 
species compsition of the grasshopper populations, the age structure of .:
 

rs
 the grasshopp , and infection by other micro-organisms. Only 0. sene- " 
1.axillaris,which were the most common grasshoppers, were 10 ~# ..
 

e~atnunetd for. N. loctistae a.;d other micro-organisms. The observationLs ~1 
""
 %%er, continued during the rainy season in 1990 (August-November). 

Rcults and conclusions 

.Tbc" of population composition and density did not show anyealuation 
,,nif:ntdifferences between treatments and controls. tHowever, analysis 03 
odatn txpulation composition and density of 0. senegalensisshowed a 
- -fi.t difterence (P<0.05) on the 27th day in 1989. Also, in the Days after treatment 

it(i hi plot in the north of the island thit was treated with 5 X 10' spores/ Mainho - Calabaceira - WSanVale da Custah,ae noted a distinct reduction in population in the treated plot compared
ih the cintrol. However, the difference was not significant. Figures. Infection levels of Noemna Iocustae inOedaleus senegalensis (dose 2.5 x

Sinc ().senegalensiswas the prcdominant species in plots treated with t0spores/ha) 
_-5 \ it"s{pores/ha, representing about 90% of all grasshoppers, ob

Sati,'s in 1989 for prevalence of N. locustae were restricted to this 
- k pproximately 10,000 grasshoppers were examined. The first 
. of infetion by N. locustae were noted 27 days after treatment. As 
I,2.'--texl
in Fig. 5,the maximum prevalence of inf'ection was about 18%.
 
-,x-' ,ere not observed in grasshoppers from control plots which 40
 

elthat infections resulted from treatments. 
 35 
Fr the plozs treaied at 5 X 10' spores/ha, observations were made on 

o -:;sis.and D. cxillaris.The level of infection in 0. senegalensis . 30 
- \ iA ,,e was, on average, over 28% (Fig. 6). Infections were not . 25-t'-,xi
\in D. arillaris. .
 25 

t\5,-vtisns were made one year after treatment (1990). both in plots m 20
,,j zj 2.5 x 10' spores/ha and in control plots, both of which 

.-- \ -. d decrease in grasshopper population density from t:e 1 ..
 
- , wva:.There were no significant differepces between treated and ] 10
 

: -',tof infection of N. locustaeone year after treatment was lower
 
_-.,: . T0,;S
when the trial was begun. '"
 

. e.-st' obtained show that the dosages of 2.5 X 101and 5 X 10" 25 30 35 40 45 50 55 60 65 70 -,..~., . locustae did not significantly reduce population density of Days after t'eatment 
" -,.r..-,-,,Oneof the reasons for this may be the very rapid develop

... ":.
.V, .,x~alensis compared with the time necessary for N. locustae 

- w- " :evel suffic ent to kill the insect. These results have however Figure 6. Infection levels of Nosema locustae in Oed~eussenegalensis (dose 5 x .. t 0. senegalensis is sensitive to N. loctvtae, a, reviousiy lOPspores/ha) 
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described by Henry et al.(1985a). The absence of infection in D. axillaris,
which is also sensitive according to Henry (1991) and Henry et al.(1985a), 
was probably due to the unacceptability of the baits to this species.

In conclusion, large scale applications of N. locustae resulted in
infections in 0. senegalcnsis which possibly reduced densities, but the 

reductions are not sufficient for control of 
 -,;.senegalensis in Cape Verde. 

Viruses: evaluation of infection of 0. senegalensisand D. axillariswith 

entonmopoxviruses 

Towards the end of 1990 two shipments containing cadavers of grass-
hoppers infected with OPV or MPV vruses were received from Montana
State University (USA). 

In the laboratory, extractions of these micro-organisms from thecadavers provided inoculum for bioassays in Cape Verdian grasshoppers 

and for mass production of these viruses to produce inoculum for subse-

quent field and laboratory tests. 


Bioassays 

Third instar nympb~i were separated, placed individually in small glass 

tubes and starved for 24 hours. The inoculum in an aqueous suspension 
svis placed on 7 mm discs of maize (or bean) leaves, using a 10 ni syringe.
When the drops were dry, the leaf discs were fed to the grasshoppers. Only
those grassitoppers which completely consumed the leaf disc were used inhioassays,

The following doges were used in the bioassays: 10, 105, and 10 

usd i thebiossas: 
spores/insect (three replicates). After inoculation, 

The ollwin doageswer 0~, 0~,and10~Frankiand 

the grasshoppers were 
placed in tujbes in groups of five nymphs. The dead grasshoppers were 
removed daily frcm the tubes, titrated and homogenized in 5 ml of distilledwater and the homogenate exam.iied under the microscope for virus 
inclusions. 

After 21 days, the remaining live grasshoppers were sacrificed andeach was examined as above. The prevalence of infection noted at 106
-aried between 16% and 35%, which established that 0. senegalensis is
.u:eptible to OPV infections. However, the high level of mortality 

hoppers at the beginning of the experiment, in treatments as well as in,Nntrols. Accordingly, another trial in he laboratorv using other met.,od-
coev is needed to obtain more conclusive results. 

An identical study was tried with MPV ag-inst D. axillaris. However,
:he fact that infections were not evident, suggested the MPV does not:nfect this species. 

Biologicalcontrolin the Cape Verde Islands 

In addition to the biassays, grasshoppers were inoculated in order to 
mass produce these viruses. These inoculations resulted i n of a 

t production of a 
considerable quantity of OPV in 0. senegalensis. However, again no
infections occurred among the D. axillarisinoculated with MPV. 

Isolation and evaluation of endemic organisms in grasshoppers in Cape
Verde 

A considcrable number of grasshoppers (over 7,000 specimens) werecollected oi. the islands of Santiago, Mdio, Boavista and Santo Antao for 
disease diagnosis. Infection was observed in 0. senegalensis, D. axillaris
and other species by eugregarines (Protozoa) as previously observed by 

Henry et al. (1985b). These organisms exert little influence on grasshoppermortality. Some grasshoppers, esr-cially 0. senegalensisand D. axillaris, 
were parasitized by the protozoan Malamoeba locustae (King & Taylor). 
Titis protozoan causes debilitative effects that reduce the reproductivecapacity of grasshoppers. A small number of 0. senegalensiscollected fromdifferent locations were infected with various futugi, which in one case wastentatively determined as Metarhizium anisopliae(Metschnikoff) Sorokin. 
Also, a fungus has been isolated from D. axillaris from Santo Antao island 

which is being gstudied for speci .crermination. A microsporidian hsbeen isolated from Pyrgomorpha cognaa Crauss from Santo Antao and 
Santiago islands which is possibly an undescribed species. Also, endemicinfections by an entomopc.virus, which probably is the same as OPV thatis being tested, has been observed in 0. senegalensisfrom Santiago island.In addition, infections by the bacterium Bacillus (probably B. cereus 

& Frani-land) have been diagnoseji in grasshoppers from
 
Santiago island.
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Field trials with Beauveria bassiana in Mali 

Introduction and background]Field trials with the entornopathogenicInrdcinadbkgodLocusts and grasshoppers have caused considerable losses to African cropsfungus Beauveriabassianaagainst 

grasshoppers in M ali, W est Africa, 

.July, 1990 


D.L. Johnson', M.S. Goettel', C. Bradley2 , H. van der Paauw3 

B. Maiga 4 

'Agriculture Canada Research Station, Lethbridge, Alberta: 

2Mycotech Corporation: 3Ciba-Geigy A G: 'Service Nctionale de la

Protection des Vigetaux Minist&e de lAgriculture,Moli. 


Spores were applied
p d *a open field sites and field cages near Mourdiah, Mali. 


Hand-held spinning disk nozzles (Micro-Ulva) 


rsra o(MacLeod, 

were used to spray spores in
dormant oil. For the field trials, grasshoppers 
were sprayed in replicated plotsin 5 -andomized completc blocks. Fifteen plots of 0.5 ha each were

established, sampled for g.asshopper age and density, and treated with spores
and oil, oil alone or no treatment. 
Excellent spore viability (averaging 88%),grasshopper densities of 30 or more immatures per m-, and optimum
application conditions favoured a useful test. Grassho.pers were successfully

infected in the field plots, although post treatment hatching and rainfall
tended to obscure detection of infection and impact on population density.
Incubation of dead hoppers at high humidity confirmed the presc.ace ofB. bassiana in insects dying 4-14 days after treatment. Two weeks after fieldtreatment, total mortality in cages of grasshoppers from plots sprayed was 72%.Hoppers collected from control plots had a total mortality of 22% when held in 
cages over the same period. 

Cage tnials included sprayed and unsprayed hoppers, collected andtreated at the site, that were monitored in 60 field cages and assayed forinfection. The results of these cage trials indicated that. over the 19 days 
following treatment application, mortality of grasshoppers sprayed withspores was approximately double the natural mortality experienced bycontrol groups. Spores sprayed directly onto vegetation before grasshopperswere added to the cages did not result in significant mortality on most
sampling dates. Direct contact spray treatment, resulted in significant
mortality in samples of grasshoppers caged aifter spraying. However, no direct 
reduction in population was noteu in this trial. 

in both modem and traditional agricultural systems. Existing controlstrategies rely on chemical insecticides to prevent damage to vegetation
(Table 1), and these methods, though often effective, are not alwaysappropriate. Effective alternatives that offer imp roved safety could haverapid and favourable environmental and economic impact.

The use of pathogens may offer an environmentally sound method forthe management of grasshoppers and locusts. Hyphomycete fungi are themost promising candidates (Prior & Greathead, 1989) because in addition 
produce are diseasesto causingandmortalavailable in many theyfrom insects,commercial are usually cheap tosources in quantities largeenough for experimental purposes, and they are generally not pathogenicto non-target organisms (Goettel et al.,1990). They can penetrate directlythrough the cuticle and do not necessarily need to be ingested in order toinitiate disease. Recent research at Lethbridge and Butte indicates thatgrasshoppers are highly susceptible to some isolates of the fungus
Beauveria bassiana (Balsamo) Vuillemin. 

There are several records1988). Some recent experimentalof B. bassiana infecting Orthopterastudies have also demonstrated its' 
18)oment 

1954; Humber & Soper, 1986; Li, 1987; Moore & Erlandson. 
exper ude s ave ondmons rated ipathogenicity to isshoppers under laboratory conditions (Marcandier &Khachatourians, 1987; Moore & Erlandson, 1988). Other recent researchhas shown that grasshoppe s are highly susceptible to a strain of B.

bassiana isolated from a dead grasshopper in Montana (Johnson et al.,1988). Grasshoppers that were fed wheat leaves treated with spores died
within 10 days. In subsequent laboratory oose-mortality tests, spores of B.
bassianasprayed in water or applied on lettuce disks were found to infectand kill grasshoppers of other species and ages at economically reasonablelevels of application. Experiments in which third-instar grasshoppees were 

Tahle 1. Amounts and value of insecticide used for control of grasshoppers andlocusts in Mali,1986. Rachadi (1986 cited by Kawasaki (1990). 

Product 

Diazinon 960 
Fenitrothion ULV 500 
Fenitrothion ULV 960/1000 
y-HCH 25 (BHC) 
Malathion ULV 960 

Value 
t1,000 FFrl Quantity 

4,130 56,400 I 
11,379 199,625 I 
2,637 35,400 I 
5,140 
 514 t 
567 10,0001 
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fed lettuce disks treated with droplets of spores indicated mortality of over60% at one million spores per hopper. Reasonable field application rates
(such as in the Mali field trial described below) would result in an averageof over 1,000 times this quantity of spores per m. Economic analysis byMycotech has indicated that, anif successful, application rate of 1013conidia per ha can be competitive in price with chemicals currently used for 
grasshopper control.The development of methods for the mass production of this strain byMycotech Corporation has allowed preliminary field trials to be conductedagainst grasshoppers in Alberta, Montana, and Saskatchewan (Bradley,M.A. Erlandson, Goettel & Johnson, unpublished data). These applica-
tions included treatment of caged grass and crop, and also treatment of 
whole fields, using bran bait and spray formulations. 

Objectives Of Mali trials 

Development of B. bassianaas a microbial insecticide effective for grass-hopper control in Africa is a complex undertaking (hat will require anextended development and testing programme. The 1990 trials in Africawere a first step in this development programme and had several objec-

tives: 
1. 	 to evaluate formulation and application methods under African condi-tions in field and cage trials 
2. to test effectiveness against mixed species population of African grass-
hoppers
3. to gain experience in use of hand-held ULV sprayers for the purpose of
fungal spore application. 

Materials and methods 

Conidia production and formulation 

The B. bassianaisolate used in this study was originally obtained from amigratory grasshopper (Melanoplus sanguinipes (Fabricius)) collected near Three Forks, MT, USA, and is being developed by Mycotech C--'rpor-ation, Butte, MT, for control of grasshoppers. Conidia were producedaccording to solid culture technology developed by Mycotech Corporation(Bradley et at., in press; Goettel & Roberts, these pr._eedings). Conidiayields and concentrations were consistent, ranging fron I to 3 X L10"conidia per kg of dry substrate, and producing conidia powders rangingfrom 2 to 7 X 10i1 conidia per g. Final blended conidia powders contained
4 X 1010 viable conidia pet g. The conidia were transported to Africa as dry 
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powder in screw cap plastic bottles. The powder was held in refrigeration inBamako and Mourdiah, Mali, but was otherwise held at ambient tempera
tures when taker to the field. 

Conidia powders were formulated in oil on site immediately prior tofield application. The oil (Sunspray, Sun andRefining Marketing Co.,Philadelphia) is an inert paraffinic type and is registered with the EPA as 
an insecticide carrier. The oil formulation had been previously tested as aconcentrate diluted in water, but to achieve ultra-low volume (ULV)application, it was iiecessary to ause suspension of undiluted oil andconidia. Greater infectivity of oil over water formulations was previouslydemonstrated by Prior et at., 1988. The conidia were suspended in the oil 
at a rate of 100 g/l(w/v). 

Conidia viability 

Both the dry conidia powder and the formulated oil suspensionsassayed before and after application. To determine viability of the
were 

rawspore product, conidia powder was suspended and diluted in sterile water.Oil formulated conidia were diluted in oil. Aliquots of 0.1 ml containingapproximately 1 X 101 conidia were spread onto the surface of 
Sabouraud's dextrose agar supplementedmycin (50 [LI/ml) and penicillin (25 I.U./ml)with

in2% a yeast extract, streptosterile glass rod 	 10 cm pctri dish with aand incubated at room temperature. After 7-10 h, thenumbers of germinated and non-germinated spores were counted using acompound microscope. Conidia in oil were first stained by placing a drop 
of lacto-fuchsin (Carmichael, 1955) theonto surface of the agar andcovering with a glass cover slip. 

Ultra-lowvolume sprayapplicationtests 
Preliminary application tests were conducted in Lethbridge to evaluate
 
ULV appiication of the oil formulation. Micro-ulva sprayers manufactured
by Micron Sprayers Ltd, Bromyard, England, were provided by CibaGeigy AG, Basel. These sprayers are hand-held,powered spinning disc fed by gravity, and use a batteryfrom a 500 or 1,000 ml reservoir.Flow rate is determined by the orifice size of the nozzle that feeds the disc.Droplet size is determined by disc rotation speed, controlled by the numberof batteries and by the viscosity of the formulation. Using the largestavailable nozzle size and a mid-range of 7,000 rpm (red nozzle, 4batteries), the flow rates of oil containing various concentrations of conidiapowder were determined. Droplet size and conidia dispersion were determined using oil sensitive spray cards and microscopic examination ofdroplets on glass slides. The cards and slides were treated by walking a 2 mswath in still air, using 70 g/l conidia suspension. 
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Mali field trial 

Site descriptionand experimentaldesign 

The field trial site was approximately 5 km from the village of Mourdiah,about 250 km north of Bamako. terrainThe was flat and vegetationconsisted of areas of trees and scrub intermixed with open areas. 
areas were a mix of grass cover and sandy areas without vegetation. 

Open 

The trial was replicated in 5 c'amplete blocks. Each block containedthree 0.5 ha plots. The blocks occupied open areas, with the exception ofthe first block which was a mixture of trees with interspersed grass andopen, sandy areas. Plots measured 70 m X 70 m and were laid out oncompass bearings using a measuring wheel. 'Ii~e plots were separated fromeach other by a minimum barrier strip ' 30 in. In each block, one plot wasan untreated control, one plot was sprayed with formulation oil only, andthe third plot received a spray application of spores in oil. 

Fieldapplication 

Application volume was 1.5 1/0.5 ha -rot,giving an application rate of 1.2X 10" conidia/ha. Application rates were verified by collecting theformulated oil from the sprayer and counting spore density by using ahaemocytometer. Oil only control plots were treated at the same spray
volume. All plots were sprayed using Micro-ulva sprayers, with 4 batteries, 

with 1-3 sprayers inuse simultaneously. Swath width was approximately
5 m. Wind speed was measured at the time of application, and plots were
sprayed only if wind speed was less than about 2 m/s. All plots were 
sprayed in the evening between 17.00 and 19.00 h, with the exception ofplot 3B which was sprayed bepinning at 10.00 h. Control and test plotswere sprayed on successive e'venings on 14-17 July. Because of rainfallafter treatment application (30 mm and 6 mm received on 14 and 16 July,respectively), plots were resprayedare referred to as on 21 and 22 July. (In the results, thesethe first and second spray applications.) An additional38 mm of rain was recorded 23 July. Air temperatures during the trialranged between 23 and 33"C. 

Grasshopper population monitoring and mortality assessment 

Grasshopper population sirec',:s composition was determinedsweepnet samples taken prior to 
from 

spraying. Grasshopper densities weredetermined using sample rings of 0.1 m 2 each, with 25 rings arrangeddiagonally across each plot. Population estimates were recorded byapproaching and counting grasshoppers in each of the 25 rings, and an 
additional confirmative measure was made by counting the number 
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observed in 25 visual m2 quadrats. Sample rings were counted prior to 
spraying and at three-day intervals after spraying. Because of problemswith passing livestock herds, it was not possible to keep track of the identity
and position of individual ring counts. The pre-treatment means for each ofthe 15 plots were calculated, and this value was subtracted from eachindividual post-treatment observation to adjust the data to absolutechanges from the original mean population density for the respective plots.The result was a set of DELTAs, where 

for date i, block j, plot k, ring I, the deviation is
DELTA(ijkl) = COUNT(ijkl) - COUNT(01 k.),that is, the Ith count minus the initial kth plot mean. COUNT is the meannumber of grasshoppers counted per 0.25 m 2 

is thering, and DELTA mean deviation from the pre-treatment ring count mean (date 0). A positiveDELTA indicates a population increase; a negative DELTA indicates adecline relative to the initial grasshopper density. The DELTAs were 
subjected to analysis of variance, with F-tests against appropriate experimental error and sampling error mean squares.

Plots were searched for samples of dead grasshoppers beginning threedays after application. B. bassiana infection was confirmed by incubatingcadavers collected from the plots in petri dishes with moist cotton andobserving for conidiation of the fungus. In addition, grasshopper sampleswere collected from test and control plots 0-3 days after spraying (usingsweepnets) and held for daily observation inscreened cages.
 

Veg--ment, and .:-n and soil samples were collected from the site before treatscreened for B. bassiana, using selective growtha medium

(Dodine Oatmeal Agar) (Beilharz et al., 1982)
 

Cage trials 

Montana 

A preliminary cage trial was conducted by Mycotech Corporation near
Three Forks, Montana, in late June, 1990. The objectives were 
to test theundiluted conidia preparations under field conditions and to test conidia 
preparations and formulation oil to be used in Mali trials.Two application rates and two methods were tested. Application rates 
were equivalent to 1 X 10's and 2 X I0" con:of 20 m ia in 3 ha, applied to plots2 each. To assess direct contact, plots containing grasshoppers weresprayed. Grasshoppers were removed from these plots and placed in cageson unsprayed vegetation. Secondary contact was tested by placingunsprayed grasshoppers in cages on previously sprayed vegetation. Therewere replicate cages for each conidia application andrate application
method. 
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Cages were observed daily by Mycotech personnel for seven days. At 
seven days after application the remaining living grasshoppers wereremoved to laboratory containment for continued observation and con-
firmation of B. bassianainfection. 

Mali 

Cage trials were conducted to evaluate direct contact versus contact with 
sprayed vegetation. The conidial suspension was made to be approximatelyequivalent to suspensions used in field trials. The suspension contained 2.3
X 10' conidia/ml, determined by microscopic count. Grasshoppers were
field-collected and were of mixed species composition and age. Cages2covered 1.0 m of ground surface and were 0.5 m high. They were
constructed at the site from cloth netting over wooden frames. The netting
could be opened at the top for introducing gras.hoppers and for purposes
of observation. Stakes and a soil berm around the bases held the cages in
place and prevented grasshoppers from escaping under the netting. 

The cage trials each included 4 treatments and two controls as shownbelow: 

1. Cage 1 Control - no spray2. Cage 2 Control - grasshoppers sprayed with oil only
3. Cage 3 Grasshoppers sprayed, vegetation unsprayed
4. Cage 4 Grasshoppers sprayed, vegetation sprayed
5. Cage 5 Grasshoppers unsprayed, vegetation sprayed
6. Cage 6 Grasshoppers unsprayed, vegetation sprayed, 4x dose. 

E.-ch set of six cages was replicated 5 times, resulting in a total of 30 
cages. Each cage held 25 grasshoppers. For contact spray, treatment 3, 
grasshoppers were released on a large rectangular sheet of plastic andsprayed in one pass with a Micro-ulva sprayer. Grasshoopers were re-
captured and placed in cages on unsprayed vegetation. 

For the 'vegetation spray' treatment, one pass with the Micro-ulva 
sprayer was made over the wooden frames of the cages before the netting 
was put in place. Unsprayed grasshoppers were then placed in the cages onthe sprayed vegetation. Treatment 4 of sprayedconsisted grasshoppersconfined with sprayed vegetation. In treatment 6, four-fold higher dosea 
was sprayed on vegetation, by two passes over the cages, using a double 
concentration of conidia suspension containing 4.9 X 10 conidia per ml.The cage trial was set up and spray( I on 18 July between 18.00 and 
19.30 h. High wind with light rain (16.5 mm) occurred at about midnightCages withstood the wind but in the morning were found to contain water.
The experiment was continued as planned, but to confirm the results theentire cage trial was repeated with a new set of hoppers and treatmeats on 
19 July (referred to in the results as Trial 2). 
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Results 

Conidia viability and application rates 

Conidia in powder were determined to be 90% viable at packaging inButte, Montana. Viability of oil formulated conidia in Mali at time of field 
application ranged from 85 to 95% with a weighted average of 88%. Therewas no apparent effect on viability of conidia held in oil during the spraying
operation (approximately 1-2 h).

Flow rates decreased with increasing spore concentration (Table 2). At170 g/l significant plugging valveof the occurred. Consequently, the
concentration adopted for field trials was 100 g/l requiring application of
3 l/ha to obtain an application rate of 10"s viable spores per ha. At this
concentration, most droplets varied from 30 to 300 microns diameter, and 
conidia were dispersed in droplets with little evidence of clumping.


Examination of spore droplets 
on microscope slides placed in the 
sprayer swath indicated a typical density of 20-40 spores per oil dropleL 

Mali field trials 

At tht time of application of the spores in oil, the dominant grasshopper
species in the site east of Mourdiah were Kraussella amabile (Krauss),
Cataloipus cynbiferus (Krauss) and Hieroglyphus daganensis (Krauss),
more than 95% as fist to third instars. Less common species, also
prim-larily represented by first to third instars, included Acoryphaglaucopsis 

(Walker), Acrida bicolor (Thunberg), Kraussaria angulifera (Krauss),aedaleus senegalensis (Krauss), Diabolocatantops axillaris (Thunberg), 
and Zacompsafesta (Karsch). 

Population density just prior to treatment application was 4.2 im
ma .,-e grasshoppers/0.25 m2 (17 July, n = 
 150). Although some postseen to remove dead and dying hoppers, some dead hoppers that produced
Beauveriabassianabyphae were found at the site. High variation, eclosion,
 

treatment hatching obscured detection of levels of infection, and ants were 

Table 2. Flow rates of conidia oil sus,'nsions in Micro-ulva sprayers.
_abe_2.__lowratesofondiaoilsuspnsionsinMicro-ulvasprayers
 

Conidial Powder in Oil (gil) Flow Rate (mI/min) 

0 (oil only) 33 
67 24

170 intermitent (plugging) 

http:grasshoppers/0.25
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and only moderate impact of the treatment resulted in no significantdiscernable decline in abundance following spray application. Three days
after the second application the increae in mean grasshopper density(DELTA) was higher in the untreated plots than in t-heplots sprayed witheither spores (lowest increase) or oil only (Table 3, Tukey's HSD, P <0.05), indicating a somewhat greater population increase in the untreated 
plots. Only Block 5 had lower DELTA in the control plot. After this late 
even this limited impact in the field plots was not evident. The effects ofspraying oil only vs. spraying spores in oil did rot differ significantly (P >0.05). Evidence of recent eclosion and large numbers of newly-hatched
hoppers (mostly C cymbiferus, H. daganensis, and K. angulifera) wereobserved within days after both the first and second spray dates. After this
first post-treatment sampling date, the differences among treatments werenot significant. 

Field-collected hoppers from B. bassiana-treatedplots held in cagesconfirmed infection by B. bassiana. Incubation of dead hoppers at highhumidity resulted in fungal growth and sporulation in cadavers dyingbetween 4 and 14 days after treatment. Two weeks after field treatment, 

Table 3. Mean grasshopper count in each plot 3 days after the second application.COUNT is the mean number of grasshoppers counted per 0.25 m2 ring. DELTA is 
the mean deviation trom the ring count mean at the beginning of the experiment.A positive DELTA indicates a population increase. 

COUNT DELTA 

Block Treatment n Mean S.D. Mean S.D. 

1 untreated 25 9.84 3.44 5.08 3.44 
I 
I 

oil only 
spore spray 

25 
25 

7.16 
8.20 

3.21 
3.55 

-0.72 
4.40 

3.21 
3.55 

2 
2 
2 
3 
3 
3 

untreated 
oil only 
spore spray 
untreated 
oil only 
spore spray 

25 
25 
25 
25 
25 
25 

6.20 
11.12 
7.40 

12.96 
13.84 
11.00 

3.52 
4.24 
3.45 
5.57 
6.55 
3.54 

3.00 
5.56 
1.64 
8.12 
6.20 
3.88 

3.52 
4.24 
3.45 
5.57 
6.55 
3.54 

4 
4 
4 

untreated 
oil only 
spore spray 

25 
25 
25 

1.32 
4.72 

11.24 

5.71 
4.37 
3.97 

1.36 
0.84 
0.84 

5.71 
4.37 
3.97 

5 
5 
5 

untreated 
oil only 
spore spray 

25 
25 
25 

9.32 
9.92 

10.08 

3.48 
4.07 
3.96 

7.12 
6.40 
7.28 

3.48 
4.07 
3.96 
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total grasshopper mortality in all treated blocks 72%.was Hopperscollected from control plots had a total mortality of 22% when held in 
cages over the same period.

Vegetation and soil samples were collected from the site before treatment, and screened for Beauveria spp., selectiveusing growth media.Colonies subsequently examined turned out to be other taxa. No native
Beauveria spp. were found at the site. 

Cage trials 

Montana 

All treatments in the trials conducted in Montana by Mycotech Corpora
tion showed significant infection and 80 to 100% mortality in 7 to 14 days.Infection occurred equally from both direct contact spray and contact withsprayed vegetation. The Mycotech trial confirmed the compatibility of theconidia preparation with the oil formulation to be used in Africa. 

Mali 
Sprayed grasshoppers confined in the cagcs vuffered significantly higher 

mortality than the control groups (Table 4). The average percentage of the 
grasshoppers that remained over 19 days following treatment application isplotted in Figs 1 and 2 (Trials 1 and 2). Even though the rains may haveinterfered with Trial 1, the impact of the direct spraying of spores is evidentin both trials. In both trials, spores sprayed onto hoppers provided signifi
cant mortality (P < 0.05) one week after application.The pattern, but not the statistical significance, persisted in the later 

dates. 

Discussion
 

The conidia powder was stable and did not lose viability over the course ofthe experiments; although there were no extended periods of extreme(greater than 35"C) temperatures during transport and storage, this in
dicates that the spores are not highly sensitive to environmental conditionswhile kept in dry form. Formulation in oil did not adversely affect viability.The oil provides a stable, liquid formulation in which conidia do not 
germinate. The hydrophobic conidia were also found to disperse we!i in the
oil, assisting in evenness of application.

The oil provided a means of easy application via hand-held sprayers.
Based on discussions with Ciba Geigy and plant protection staff in Mali 
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Table 4. Analysis of variance and comparison of mean percentages of hoppersremaining alive in the treatment cages. The F-tests indicate overall block and 
treatment differences (tested against experimental eror, block'treatment
interaction). Means with the same letter, within a particular trial and date, are not 
signiricai.,ly different (Tukey's HSD, P > 0.05). 
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Figure 1. The average percentage of the grasshoppers that
remained over 19 days following treatment application, Trial 1. 
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Figure 2. The average percentage of the grasshoppers thatremained over 19 days following treatment application, Trial 2. 
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and Cape Verde, it was determined that ULV spinning disc sprayers would 
be the best application method for these initial trials. This type of sprayer is 
in widespread use in Africa, and they are also a model for ULV aerial 
application. The oil formulation was easily applied using this technology, 
although some difficulties were encountered due to variable winds and
ground convection currents that occasionally hampered uniform appli-
cation. 

Pilot production data were evaluated by Mycotech Corporation in an 
economic model. The expected costs of solid culture technology produc-
tion of spores to treat 1 million h at an application rate of 1 X 1013 conidia 
per ha are such that B. bassianaconidia could be profitably marketed. For 
example, the cost of 1 X 1013 conidia would be approximately USS5.00/ 
ha, competitive with the midrange price of chemicals now used for grass-
hopper control. 

Although no discernable decline in abundance of hoppers following 
field-spray application could be detected, indications were that infections 
were established and that there were greater population increases in the 
untreated plots. Post-treatment hatching, aggravated by movement of 
livestock herds through the experimental fields, obscured detection of any 
differences in population density between treatment and control plots 
beyond the initial sampling dates. On the other hand, 72% of the hoppers 
collected from treated plots 0-3 days after treatment died within 2 weeks 
of the treatment date, with confirmed B. bassianaoccurring between 4 and 
14 days. Although this may be an indication of actual mortality in the field, 
it must be taken into consideration that caged hoppers may be stressed and 
were possibly more susceptible to infection. In any case, these results 
demonstrate that the hoppers were at least exposed to the inoculum in 
sufficient quantity for infection to occur. 

sufficientBquantitytforAinfectionetoaoccur 
Resufts of cage trials confirmed that grasshoppers sprayed directly 

were susceptible to infection by the fungus. The results from the sprayed 
vegetation and vegetation plus hoppers are not as clear, but the direct spray 
treatment was significantly superior in most cases. 

Results of subsequent trials in Cape Verde using the same conidia and 
oil preparations as in Mali (Delgado et al., 1991) indicate that formulation 
attributes are very important. The Mali trials used only the oil formulations 
in field and the corresponding cage trials, whereas separate Cape Verde cage trials also included a wheat bran bait formulation. Sweep net samplesfrom field plots taken 24 h after spraying showed a significant infection 

rate. In their trials, wheat bran bait in cage triais also showed significant 
mortality with greater than 90% kill in 14 days. However, field plot sweep 
net samples taken 72 h after spraying and cage trials of sprayed vegetation
showed no significant mortality. The Cape Verde results agreed with our 
suggestion that grasshoppers did not become infected from contact with 

sprayed vegetation, but did become infected when contacted directly by 

FicddtriaL with Beauveria bassiana in Mali 

spray and through consumption of spores on wheat bran bait. Preliminary 
cage trials in Montana showed that contact with sprayed vegeiation was 
effective. A possible explanation for this discrepancy is that conidia may be 
less viable on vegetation surfaces in Africa than in Montana, for environ
mental reasons, such as intensity of sunlight. Another explanation is that
grasshoppers may have avoided sprayed vegetation. This hypothesis is 
supported by preliminary laboratory bioassays in Lethbridge: 30% of 
Melanoplus sanguinipesstarved for 24 h and presented with a lettuce disk 
treated with 5 .l of a conidia suspension in oil did not consume the lettuce 
whereas 100% accepted unsprayed control leaves (Bradley, Goettel & 
Johnson, unpublished data). 

At this time, there is no explanation for the ineffectiveness of sprayed 
vegetation. Laboratory and environmental chamber studies will be neces
sary to determine differences between conditions in Montana and Africa. If 
further laboratory studies are pursued, they will be aimed at determining 
mode of pathogenesis and virulence as affected by formulation, inoculum 
targeting, host species and fungal strain. 
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Field cage trials on the effects of 

enriched neem oil, insect growth
regulators and the pathogens Beauveria 
bassianaand NVosemna locustae ;n desert 

locusts in the Republic of Niger 

o.r. Nasseh, T. Freres, J. Wilps, E. Kirkiionis & S. Krall
Deutsche Gesellschafifiir Technische Zusainmenarbeit GmbH. 

Abstract
 
Field irials in large cages of 2 2
m base area were carried out in the Tamesnaarea. northern Niger, in 1990-91, to test various spray and bait treatments
against Sochistocercagregaria (ForskAl). The insect growth regulator 

teflubenzuron was compared with a standard dieldrin treatment by directapplication to S. gregar.A adults and nymphs and Anacridium wernerellum

(Karny) adults and also by application to the main food plant, Schouwia
 
thebaica(Crucifcrac) bushes. Pure and enriched ocem oil sprays were tested
for insecticidal and anti-feeding properties. Oi; formulations of commercial

preparations of Beauveria bassiana(Balsamo) Vuillemin were 
applied by
spraying and B. bassiana and Noseinalocustae Canning were also tested as
baits with wheat bran. Tcflubenzuron caused less adult mortality than
 
dieldrin but completely prevented dcvelopb.-nt of third and fourth instar
nymphs. Neem oil caused no mortality by topical application but showed
 
strong anti-feeding effects: however, 
scvcre burning of S. thehaica foliage by
 
neem oil was also olscrved. None of the treatments involving spraying with

B. bassiana or baiting with B. hassiana or V. locutae caused any mortality. 

Introduction 

19 8 Ptior to the 0s. organtochlorincs and other persistent pesticides were
used extensively for locttst control. l-avironnmental and ecological problems
were not seriously discussed until I9,5 \when swarms of Schistocercagregaria (Forskl) reappeared in Africa and the Near East. Analysis of this 
recent outbreak showed that climaticalky favourable conditions in conjunction 
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with neglect of the warning services and the inaccessibility of some 
areas due to armed conflict had all contributed to the sudden increase. The
countries affected were largely unprepared and poorly equipped to cope 
with the plague (Krall & Nasseh, 1991).


Since the use 
of pesticides is rigorously controlled in most temperatecountries, but less so in many tropical ones, GTZ initiated a project toinvestigate and develop more acceptable alternative methods of controlling
locusts and grasshoppers. In parallel with this, GTZ requested that trials
should be initiated on the side effects of the new products on the environ-
ment and on non-target organisms. The first environmentalperformed in Cape Verde in 1989 and the second, on 

study was
locusts, in Niger inSeptember-October 1990 (Pevelir.g & Weyrich, 1991 and these proceed-

ings). 

Field cage trials on alternative 
methods of locust control were carried 

out in Niger (Tamesna aiea) October 1990-January 1991 (Freres &Nasseh. 1991). Their purpose was to investigate the efficacy of the insect
growth regulator teflubenzuron, neem oil and pathogens against desert 
locust. 

Neem, Azadirachtaindica, has been found to be a promising source ofnatural pesticides. Extracts possess distinct insecticidal and antifeedant 
effects against several species of insect including locusts (Wiips er al.;
Langewaid & Schmutterer, these proceedings). Since neem trees grow in
Niger, it was decided to investigate the influence of enriched neem oil onadults of S.gregaria.The reasons for using neem are to minimize the con-
tamination of :he environment, to encourage the use of locally available plant
material, to identify sources of botanical insecticides for commercial use and 
to replace or supplement existing synthetic insecticides against pests.

As early as the 19502s, Beauveria bassiana (Balsamo) Vuillemin has 
been field-tested on a small scale against a wide range ef insects, and since
the early 1970s it has been mass-produced in USSR and eastern Europe,
mainly for control of Colorado potato beetle (Leptinotarsa decemlineata(Say) (Coleoptera: Chrysomelidae). The fungal biomass is usually ground
and made into dusts or granules and in recent years separators havebeen used to collect pure conidia from dried cultures. Such products
contain up to I X 10 conidia/g and have usually been applied in watersuspensions at high volumes. However, the possibility also exists for
formulation into oil emulsion preparations for spraying at low or ultra-low
volumes (Bateman; Bateman et aL; Johnston et aL; Matthews; Prior et al.;
all these proceedings). The purpose of the oil would be to act as a 'carricr',
ensuring sufficient spray volume to cover the target area adequately and toreduce evaporation of the droplets, which usually have a diameter of 70-
90 psm. It has also been claimed that oils may reduce the rate of in-
activation of the fungus.

Nosema locustae Canning, a microsporidian, has been developed as an 
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insecticidal bait and tested extensively against grasshopper populations inthe northern part of USA and also in Cape Verde. It is pathogenic to a
wide range of acridids and infection ha.s been shown to reduce feeding
(Johnson & Pavikova, 1986).
 

Methods 

Site details 

The trial area, at In-Sinkat, was 300 km north-west of Agadez and 40 km
south of the GTZ base in Tamesna, northern Niger. This area is well
known as a recession area for S. g,.bariaduring the dry season. The area isclassified as between Sahelian and Saharan savanna with rainfall of 50
100 mm per annum (Freres & Nasseh, 1991). Vegetation occurs in discrete
'islands', surrounded by large tracts of sand. These islands provide shade,
food, oviposition sites, protection from birds and also cover from extremes 
of temperature. The vegetation includes Acacia spp. (Leguminosae), Panicum turgidum (Gramineae), Aerva javanica (Amaranthaceae), Tribulus 
spp. (Zygophyllaceae) and Citrullus colocynthis (Cucurbitaceae).
However, the dominant veeetation is the bush Schouwia thebaica(Crucif
erae) which reaches a height of 1.5-2.5 m. A few of these vegetation
islands harboar desert locusts during the recession time. 

Adult S. gregariacollected from th, field were counted, checked for
abnormalities and kept under observation for one week. The population of
S. gregariain the collecting area was fairly stable (800-1000/ha). None 
were pgasitized. The only other locust species seen in the trial plots was
Anacridium wernereLium (Karny) which was much less numerous than S. 
gregaria. 

Construction of cages 

Experiments were carried out in 2 2 r 2 m cages with removeable sides. 
All the sides and the top were covered with removeable wire mesh (8meshes/cm2)iiged which was to the cross members. The cages were
designed to avoid crowding, assist in counting and allow easy access(Nasseh & Freres, 1991). The lower 30 cm of the cage was made out of 
sheet metal and was sunk into the sand to a depth of 20 cm. In each cage
there were two thinned Schouwia :hebaicaplants of uniform growth. Thetrials were replicated four times, using 30 adult desert locusts.* Assess
ments were made at daily intervals during the cooler morning time. 

"No statistical
analysis oiiheitesItls was presented (eds). 
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Trleatmets 


Insect growth regulators 

"Ieflubenzuron ULV formulation was used at a rate equivalent to 50 g a.i/
ha, a dose derived from previous trials in 1989 in Sudan where a dose of
25-50 g a.i./ha, was indicated. Where treatments were applied to theinsects, the pesticide was applied outside the cages and the insects were 
transferred into the cage- 30 min later. Where treatments were .pplied tothe plants the insects were placed in the cages 30 min after spraying.
Dieldrin ULV at 20 g a.i./ha was used as a standard insecticide and anuntreated control was also included. 

Enriched nee~in oil 

This was obtained from Prof. H. Schmutterer, Justus-Liebig Universitit 
Giessen, Germany. It was coded AZT-VR-K and originated from Togoand Tanzania. Pure neem oil from Niger was also tested. In the first trial,
adult locusts were sprayed with enriched neem oil AZT-VR-K, enriched 
neem oil fr(, n Benin and pure neem oil from Niger at a rate eouivalent to10 1/ha. Thirty locusts were used in each treatment and the'treatments 
were replicated four times. 

In two other unreplicated trials on antifeeding effects, adult locusts 
were added to cages in which, in one trial, one S. thebaicaplant had beensprayed with enriched neem oil at a rate equivalent to 10 1/ha 30 I min
previously but the other had not, and in the o!"her trial only one, sprayed
plant was present. Assessments in all trials were made daily. 

Pathogens 

The Beauveria bassianaproduct ( I X 10' conidia/kg) was obtained fromM ycotech Inc. Butte, M ontana, USA, (by courtesy of Dr C. Bradley) andwas applied at two rates of 320 g and 960 g/ha in 3 litres mineral oil. 
Nosema locustaeCanning (2.5 X 10" spores on 1 kg of wheat bran/ha) was
obtained from Durango Inc., Bayfield. Colorado, USA, and was compared 
with "'.bassianain a feeding trial where the latter was also applied on bran 
at rates for both pathogens equsivalent to 320 and 960 g/ha. In these baittrials the locusts were ,tarved for ?4 r 48 h before treatment to enhance 
feeding. All these dosages refer to products, applied is received from the 
producers except he rate of 960 g"ha. 
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Application techology 

A solar operated Micro-Ulva (Micron Sprayers Ltd., UK) was used for 
application in the early morning. Droplet distribution was assessed using oilsensitive paper. 

Results 

Insect growth reg,:lators 

Analysis of oil sensitive papers showed that the droplet deposition density 
was 2(_ ± 12 droplets/cmK. The mortality caused by the treatments to 
.Schistocercagregaria(adults aid third and fourth instars) ind A nacrid.im 
wernereliwn (adults) are shown in Tables 1-3.The best control was obtained with dieldrin. TcflubenuLron gave better 
results when applied to the vegetation than to the insects. 

The results obtained by applications of tefluhenzuron to third and
fourth instars of solitarious S. gregariaand by treatment of their food plant
(Schouwia rhebaica) are shown in Fable 2. 

Table 2 shows the number of surviving, dead and deformed (abnormal
wings and larsac) and the number of so called mini adults (inhibition of
normal adult development) resulting from application of teflubenzuron at 
50 g .i./ha. 

Mean body weight of male larvae treated with teflubcnizuron was
approximately half that of untreated larvae. None of the deformed larvae 
developed normally and werenone able to complete deve!opmCnt. Thus 
teflubenizuron appeared more effectile in controlling the larval stage of
desert locust than the adults under these conditions. 
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Table 2. Effect of teflubenzuron on third and fourth larval stages of 5chiftocerca 
gregaria. 

No. of 3rd/4th 
larval stages 
after 12 days 

No. alive
Application Initial no.Product after No. No.rate insects No.12 days dead deformed mini 

Teflubenzuron 50 g a.i/ha 120 30 77 13 0
(topical) 
Teflubenzuron 50 ga.i/ha 120 11 84 21 15 
(vegetation) 
Control 118 11t 2 0 0 

Table 3. Effects of teflubenzuron on adults of Anacridium wernerellum. 

Application Initial no. HIo. of insectsProduct rate of insects after 17 days 

Tetlubenzuron 50 g a.i/ha 51 21 

(topica')

Teflubenzuron 
 50 g a.i/ha 51 10(vegetation) 


Control 
 51 50 

The data in Table 3 suggest that the intake of teflubenzuron fromtreated Schouwia thebaica plants was more effective against the adults of
A. wernerellum, than topical application. Treatment of the vegetation
reduced the popuiation from 51 to 10. 

Enrichedneem oil 

The results shown in Table 4 demonstrate that here was no effect of pure 
and enriched ncem oil on adults of Schistocerca gregariaup six weeksafter treatment. 

In the unreplicated anti-feeding trial, the locusts consumed 100% of 
the leaves of the Schouwia thebaica in the untreated control but on the 

Fieldcage trialsin the Republic ofNiger 317 

Table 4. Fffect of neen oil on adult Schistocerca gregaria. 

Application No. of S.gregaraProduct No. of S.gregariarate after treatment after 6 weeks 

Neem oil 10 I/ha 120 116Giessen* 
Neem oii 10 I/ha 120 117
 
Benin*
 
Neem oil 10 I/ha 120 
 117 
Niger 
Control 120 

enriched neem oil 

plants sprayed with neem oil at 10 1/ha there was no feeding until day 11, 
by which time 100 out of the 120 adults had starved to death. After fourweeks there was severe phytotoxic burning of the leaves of S. thebaicatreated with enriched neem at 10 I/ha. 

Pathogens 

The results for all treatments with B. bassianaand N. locustaeare given inTables 5-7. Analysis of oil sensitive paper distributed during the applica
tion of B. bassiana showed an average droplet coverage of 20 ± 12 
droplets/cm. 

T,- " 5 presents the results of direct spraying of the desert locustadults. Only the combination of B. bassianaand neem oil had any effect
within six weeks and this was only slight.Table 6 indicates that all the adult locusts which fed on Schouwia
thebaica treated with 3 1 mineral oil/ba or on the non-treated controls
survived, but the B. bassianatreatments also had very little effect lo to six 
weeks after ti tment. 

In other experiments also, the application of B bassianain either neemor mineral oil at a rate of 320 g in 3 l/ha had no effect on adult 
Schistocercagregariaup to six weeks after treatment when it was sprayeddirectly on Schouwia thebaicabushes. 

Adult desert locusts were fed on wheat bran mixed with B. bassianaorNosema locustae. The results areneither presented in Table 7 and indicate thattreatment caused mortality theany within six week period of 
recording. 
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Table 5. Effect of Beauveria bassiana "n Schistocerca gregaria adults. 

Application No. of S. gregaria No. of 5. gregaria
Product rate at application after 6 weeks 

B. bassiana + 3 20 g in 120 117 

mineral oil 
 3 I/ha 

B. bassiana + 9
mineral oil 60 g in 120 1143 I/ha 

B. bassiana + 320 g in 120 98
 
Nec-m oil ? I/ha 

Mineral oil 3 I/ha 120 119
 
Control 
 120 119 

Table 6. Effect of Beauveria bassianaon adults of Schistocerca gregariaafter 

feeding on treated plants, 


Application No. of S. gregariaProduct No. of S. gregariarate after applicatif-i after 6 weeks 

B. bassiana + 320 g in 120 115 

mineral oil 3 I/ha
 
B. bassiana + 960 g in 120mineral oil 1113 I/ha 

Mineral oil 3 I/ha 
 120 120Control 

120 120 

Conclusions 

The results of the teflubenzuron experiments demonstrated a significant 
o theelopm
Teffeuts enndmotaityex
effect on development and meobviousmontratedmortality became obvious psignts.on treated plants. A

stmilar trend was observed in the mortality of sprayed A. wernerellum. 
However, mortality was higher in the dieldrin treatments. Treatment oflarval stages of desert locusts with teflubenzuron in the field has promise.
Larvae of A. wernerellum were not included in the experiments but further 
tests will be carried out.

Enriched neem oil caused no mortality but was effective as an anti-feedant. Neem is known to alter locust behaviour in several ways (Wilps etaL, these proceedings). For 10 days after treatment, no adult locusts fed on 
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Table 7. Effect of Beauveria bassiana and Nosema Iocusta" on adults of
 
Schistocercagregariaafter being fed with treated wheat bran (results of
 
2 experiments. 

No. of No. ofApplication Starvation S. gregaria S. gregaria
Product rate period (h) at treatment after 6 weeks 

B. bassiana + 320 g in 118wheat bran 2 kg/ha 
120 

B. bassiana+ 960 g in- 120 116wheat bran 3 kg/ha 

Control 
120 120 

(B. bassiana 
treatment) 

N. locustae - 2 kg/ha 24 120 120
wheat bran 
N. Iocustae + 2 kg/ha 48 120 119 
wheat bran
Control 2 kg/ha 120 118 

(N.Iocustae
 
treatment) 

neem-treated plants and the majority died in this period, although the 
survivors did begin to feed on the eleventh day. Neem oil therefore shows 
some promise as treatmentmanagement a within programmesof desert locusts and could h-lp for the intt gratedto reduce dependency on
chemical pesticides. It can also be produced locally in sahelian countries,
which would help to re. ice control costs. Other vegetable oils such as
cottonseed have also withbeen used encouraging results as repellants
against Myzus persicae (Sulzer) and Brevicoryne brassicae (Linnaeus)(Homoptera: Aphididae), Spodoptera exigua (Hfibner) (Lepidoptera: 
Noctuidae)and also thrips pests (Butler& Henneberry 1990). However, thesevere phytotoxic effects of enriched neem on Schouwia indicate a need for
further investigations on the feasibility of using neem in this way.

Six weeks after application of treatments to caged locusts in the field,
nearly all locusts survived in the controls. Survival was not significantly lessin all B. bassianatreatments, either applied in mineral oil to the plants or 

nor was
wheat bi -i. ;teated with B. bassiana or N. locustae. 

The results show that N. locustae and B. bassiana were not effective
biological contral agents against Schisocerca gregaria under the conditions 

to the insects, any effect demonstrated when locusts were fed 
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of these trials. The question of whethercontribute or not these two pathogens couldto reducing the larval population densities of desert locustscould not be answered because lanae were not included in the experimentsbut tests will be continued with larvae. The viability of theconidia was not checked. B. bassiana 

Butler, G.D. & Hennertmrry, T.J. (1990) Cottonseed oil and safer insecticidal soap;effects on cotton and vegetable pests and phytotoxicity. Southwestern Ento-mologist 15, 257-264. 
Freres, T. & Nasseb, OM. (1991) Versuchs zur Bekdmpfung der Wiastenheu-

schrecke, Schistocerca gregaira ForskAl in der Republik Niger. Report
submitted to GTZ, 22 pp.Johnson. D.L & Pavlikova, E. (1986) Reduction of consumption by grasshoppers(Orthoptera: Acrididae) infected with Nosema loc,.-tae Canningsporida: Nosematidae). JournalofInvertebratePathology48, 232-238.

(Micro-
Krall, S. & Nasseh, O.M. (1990) Erforschung biologisch-integrieter Methoden zurBektmpfung schddlicher Heuschrecken  ein Projekt der GTZ. Plant Protec-tion informnation Tropics/Subtropics8, 215-223.Nasseh, O.M. & Freres, T. (1991) Kifigfreilandversuche zur Bekfimpfung derLarvenstadien und Adulten Tiere von Schistocerca gregaria ForskAlbiologischen und chemischen mitPriparaten in der Republik Niger.submitted to GTZ 33 pp. Report 
Peveling, R & Weyrich,i J. (990) Non-target Wirkungen von Heuschr.cken-

bekipfungsmitteln in Niger. Report submitted to GTZ, 24 pp. 

Effects of neem oil, Beauveria bassiana 
and dieldrin on non-target tenebrionid 
beetles in the desert zone of theRepublic 

of Niger 

R. Peveling & J. Weyrich 

Universitdtdes Saarlandes. 

Abstract
 
Fbsral
 

Field trials on the impact of locust control agents on non-target arthropods
were carried out in Tamesna, southern Sahara, Repub!ic of Niger, in
September/October 1990. The study was conducted within the framework of
the GTZ-Project 'Integrated Biological Control of Grasshoppers and
Locusts'. The effects of neem oil (0.1% and 0.2% azadirachtin), Beauveria
bassiana(Balsamo) Vuillzmin and dieldrin on the tenebrionid beetle Pimelia
angulatatschadensisKoch were studied in standardized in situ cage trials.
Additionally, neem oil and B. bassianawere tested in small scale field trials 
in typical Schistocercagregaria(ForskAl) (Orthoptera: Acrididac) habitats

(Schouwia thebaicavegetation islands). Dieldrin and neem (0. 1%) caused
high mortalities in the cage trials. Neem (0.2%) induced an increase, dieldrin
a decrease in activity of the beetles. Neither in the cage trials nor within
additional laboratory tests could B. bassianainfections be observed in P.
angulatatschadensis.Only topically inoculated Trachydermahispida(Forsk~l) (Tenebriouidac) were infected. The field applications did notappear to cause any side-effects on the tenehrionid fauna, :.e., neitheralteration of activity pattcrn nor lethal effects. The final results of theseinvestigations (effects on other non-target arthropods) will be presented insubsequent publications. As key components of arid ecosystemsTencbrionidae could be useful indicator organisms to study ecotoxicological

risks of insecticides prior to large scale field applications. 

Introduction 

For decades locust control has relied almost exclusively on the applicationof chemical insecticides. However the increasing knowledge about their 



322 

323 
R. Petveling & J. Weyrich 

potential hazardous side-effects (related to their non-specificity and
persistence) has recently promoted the search for 	environmentally soundalternatives and adoption of the conceptual approach of integrated pest
control, which incorporates biological and biotechnological methods, hasreceived increasing attention from experts. 

The application of a!ternative locust control agents can by no means beconsidered a priori to be environmentally sound. As with chemical pesti-
cides, they must undergo a careful and thorough evaluation of -atential
side effects prior to large scale field application.

This ecotoxicological risk assessment involves both laboratory and fieldtrials, the former to work out principal physico-chemical and toxicological 
(or pathogenic) properties of the respective control agent, the latter beingindispensable to study its field behaviour, and thus preferably carried out at 
a n early stage of risk assessm en t program mes. 

Because most alternative insecticides are not selective, adverse ehcctson non-target organisms are to be expected. The assessment of the impact,on non-tarp, o -ganisms is one of the prime objectives of ecotoxicology.
An i'-depth ristk assessment can only be achieved if non-target-specific
ecological processes arc understood. This is a formidable task in tropical
and subtropical ecosystems, where many species have not yet been taxo-
nomically described. For ecological monitoring of (large scale) conven-
tional applications, when prompt assessmenta is required, it is common
practice to confine ecotoxicological studies to higher taxonomic categories
(mostly order or family). This simplification ignores the fact that there aresignificant differences in ecology, behaviour and susceptibility to pesticides
even between closely related taxa. As a result, severe effects at lower
taxonomic levels might be camouflaged. The search for sensitive species asindicators of undesirable side-effects (e.g. incorrect applications) in further 
routine field applications of the same insecticide in the same area should 
therefore receive more attention Grant, 1989; Everts, 1990. 

In the first phase of environmental impact studies, investigationsshould focus on identifying non-target species either directly 'ecologically
linked' to the target (competitors and natural enemies such as parasites or
predators) or occupyi:tg key positions within the respective ecosystem (e.g.pollinators, reducers). However, it has to be emphasized that the ir-
portance of certain species may be underestimated or overlooked simplybecause the structure of the ecosystem, the underlying ecological processes
and inter-specific relation, are not sufficiently understood. Once identified.
key species could undergo further standard laborattcry testing (toxicity
tests) in order to predict ecotoxicological risks of the application of avariety of agents in the same area. These indication methods should not be
understood as substi:utes for synecological approaches and will have to be 
worked out together with appropriate field scale assessments during field
operations. 

Neen oil,licauvcria bassiana and dieldrin effects on non-target beetles 

In the southern Saharan recession areas of the desert locust (Schisto
cerca gregaria (ForskAl)), tenebrionid beetles are characteristic elements ofthe ground dwelling coenosis. Isolated plant and animal communities, low 
species density and diversity, and simple food webs are specific attributesof these ecosystems. Due to their high abutdance and their omnivorous 
trophic function Tenebrionidae dominate flow ofthe organic matter.
Moreover, they are direct food competitors of desert locusts and, as Popov
(1980) demonstrated for the Senegalese grasshopper (Qedaleus sengalensis
(Krauss)), potential predators of locust eggs due to their partly hypogaeic
way of life. Therefore, in the first phase of the study, tenebrionids werechosen for studying non-target effects of alternative acridicides. The 
following agents were tested: 
1. 	 two formulations of neem oil (seed extract of AIadirachta indica)
 
. t o f r mua tion s m o ilseed e r t o a r h ta n ic a)
 

2. Beauveriabassiana(Balsamo) Vuillemin, an etomopathogenic fungus3. 	 dieldrin as a reference.
 
The potential of neem 
oil for the control of S. gregaria has so far been

tested only in the laboratory. Schmutterer & Freres (1990) demonstrated
its larvicidal effects. Furthermore, laboratory reared gregarious hoppers
developed the typical anatomical and ethological characteristics of solitary
locusts. R. bassiana was field tested dgainst Nomadacris septem;asciata
(Serville) as early as the 1930s in South Africa (Schaefer, 1936). Prior &Greathead (1989) recommended additional investigations of the potential

of B. bassiana and other entomopa.hogens as alternative acridicides.

Dieldrin used to be the 
most commonly applied insecticide during locust

control operations. The environmental hazards of its use 
are still controver
sial (MOlier, 1988; Everts, 1990) despite an almost universal ban on its use.
Further field investigations of its ecotoxicological 
 effects should therefore
 
be carried out.
 

Study sites 

The studies were conducted in the Iguidi region about 15 km south-west of
the CINA (Centre Nationa de . lu.e Antiacridienne) station In-Abangharhit" (south-east Tamesna, 18°03'N/602E). The landscape can
be described as more or less flat gravel and sand desert.. which are quite
regularly separated by lines of dunes tp to 20 m high. The vegetation
consists of low-growing herbs, which are dlistributed in isolated patchesbetween the dunes. Vegetation cover is dense along the dunes where
patches of Sch',,tiiathebaica ( purpurea)*(Cruciferte) up to 70 cm high 

.I\llll\ 
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(cover - 80% can often be found; smaller, less dense patches are found 
between the dunes. S. thebaica is dominant and constitutes the major foodof Schistocercagregariain this area. Hemming & Symmons (1969) studiedthe germination and growth of this annual cruciferous plant. Other species 
such as Fagoniasp. and Tribulusochroleucus(Zygophyllacease),colocynthiis (Cucurbitaceae), Aervajavanica(Amaranthaceae), CitrullusPergularia
tomentosj (Asclepiadaceae) and Atistida sp. (Gramireae) are loosely
scattered within the Schouwia stands. Similarly, the macrefauna is 
charactcrized by a small number of species, most of them birds such as Hirundo obsoleta buchanani(pale crag martin), Cursoprius cursor(cream-
coloured courser) and Corvus ruficollis (brown-necked raven) or reptiles
such as A canthodactylusboscianus. 

As an adaptation to the dry and hot conditions, most arthropod speciesare active during the night or at dusk. Tenebrionid beetles make up thelargest part of the zoomass. Blaps bifurcatamirei Gredelli, Prionotheca 
coronatacoronata(Olivier) and PimeliasubquadratachudeauiKoch occurfrequently, but are less abundant than PimeliaangulatatschadensisKoch
and Trachyderma hispida (Forskl). As with S. gregaria, they feed mainlyon Sc/ouwia thebaica 

The cage trials were conducted in a plains area of about 5 ha mainlycovered with S. thebaica For the field applications three dense S. thebaica
fields of about 500 to 1500 m2 were selected on the lee side of sand dunes.

For logistica. reasons, the trial sites were chosen near each other, 


Materials and methods 

Spraying operation 

In the cage trials the oral and residual effects of the following agents were 
tested:1. neem oil (0.075% = 0.1% AZA (azadiractin) (Inst. f. Phytopatho-
logie, Giessen/FRG)) 
2. neem oil (0.22% = 0.2% AZA (IITA, Benin)) 
3. Beauveriabassiana(oil-formulated suspension (Mycotech, USA))4. dieldrin (Shell-Agro). 

Neem oil (0.1%) and B. bassiana were applied in the field trials.Spraying was conducted between 06.00 and 10.00 h (windspeed < 2 m/sec, temperature = 25"C) with a Micro-Ulva-spirning disc sprayer
(dieldrin: ULV, other agents LV application) (see Table 1). 
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Table 1. Application parameters. 

F mulation a.i. Dosage rate Flow rate Nozzle NB 
Neem oilNeem oil .1 / 10.0 I/ha0.2 % (AZA)(AZA) 10.0 I/ha 60 mI/mm red 434 ml/min red 4 
B. bassiana 4 10"sp/ml I 10' sp/ha 61 mIl/min () red() 5
Dieidrin 18 'Yo 0.4 I/ha 22 ml/min yellow 4 

NB - number of batteries/sprayer; sp  spores; t*)- a constant flow of the
 
suspension could only be achieved when widening the nozzle diameter and

shaking the sprayer c,ntinuously during application; AZA - azadiractin. 

Cage trials 

In the Schouwia thebaicafield 20 suitable 2 m quadrats with at least 15%
vegetation cover were selected (minimum buffer zone between the plots = 15 m).After treatment (four replicates per insecticide, randomized cage
order) the cages (steel frame, galvanized iron netting, 2 X 2 X 2 m size;cage design see Krall & Nasseh, 1990) were dug into the ground 20-30 cmdeep. All arthropods in the cages were removed. Subsequently, each cage
was stocked with 30 P. angulatatschadensis.Over a period of 16 days the 
following parameters were recorded: 

1. mortality (M) (twice daily at 07.00 and 18.00 h.)2. relative activity (RA) (i.e. percentage of beetles captured in one pitfall 
trap per cage; the traps were covered with a lid during the day and openedfor one hour starting at 18.30 h).
 
At the end of the trial all remaining beetles were collected to assess
 
potential losses by cannibalism or escape.
The calculations of mortality and activity correspond to the sum (S)of 
dead (D) or alive (A) test beetles collected until the end of the trial. The
cumulative mortality on day i is calculated as: 

Mi(%)-x 100 

S
 
(Di = number of dead animals collected up to day i).

The effects of the agents were calculated according to Schneider-Oreli 
(Krall & Nasseh, 1990). The relative activity on day iscalculated as: 
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Gi 
RAiD- X 100

S - Di 

(Gi = number of animals collected on day i). 

Prior to statistical treatment all data were arc-sine transformed. In 
particular the following statistical calculations were, performed: 

1. mortality at the znd of the "rial (day 16): single classification ANOVA 
and Newman-Keuls-multiple comparison among means 
2. RA of all days: cross correlation; days 3-15: Friedman-ANOVA and 
Wilcoxon-Wilcox-multiple comparison among means. 

Small-scale field trials 

In each Schouwia thebaica field 4 permanent 1 m 2 plots were randomly
established to survey potential mortalities of non-target organisms. To 
study effects on the activity abundance AA (= 'Aktivit~tsdichte' sensu 
Heydemann (1953), 'availability' sensu Southwood (1978)) of ground-
dwelling arthropods, four pitfall traps were placed in each test plot (conser-
vation fluid: 5% formol) for a period of 15 days (3 days pre- and 11 days 
post-spray interval). 

Mortality (M) was recorded daily between 07.30 and 08.30 h, 17.30 
and 18.30 h in the pernanent plots, and pitfall traps were emptied daily
between 17.30 and 18.30 h. 

At present only effects on the abundant tenebrionid species, Pimelia 
angulata tschadensis, P. subquadrata chudeaui, Trachyderma hispida,
Blaps bifurcata mirei,and Prionothecacoronatacoronata,can be given.

All data were transformed as : A T = 10 X (In AA + 1) [AT = AA 
transformed]. The mean catches of days 2 and I (pre-spray) were 
compared to the catches of days 2-4, 6-7 and 9-11 (post-spray) (Kruskal-
Wallis). The effect of the agemts is calculated as 

D, = mean difference between pre- and
E(%/)== DT **100 post-spray catches in the treated plot 

D, D, = mean difference between pre- and 
post-spray catches in the control plot 

For the calculation of standard error see Everts etal (1985). 

Additional trials 


To study the contact effects of B. bassianaon several tenebrionid eetles 
field tests and bioassavs were conducted: 
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1.LV-application in an arena: 1 ml spore suspension/M 2 (as specified inTable 1) applied with a Micro-Ulva
2. topical application in the laboratory: approximately I t1suspension 

applied dorsally between thorax and abdomen by micro caps. 
The test animals were analysed by the BBA Darmstadt-Germany for in
fection by B. bassiana. 

Results 

Cage trials 

91.3% of the original stock of P. angulataischadensis were recollected. 
The 8.7% beetles andetected must be attributed to cannibalism. One out of 

four replications in the , ntrol group was proved significantly to be an 
outlier (Outlier text of Dixon as described by Snedecor & Cochran (1980)) 
and was treated as missing (statist: .al analysis for unbalanced design).

All test agents had an adverse effect (Table 2 and Figs 1 & 2), but only 
dieldrin (P < 0.001) and neem 0.1% (P < 0.05 caused significantly 
increased mortalities. Surprisingly, neem 0.1% finally caused higher
mortalities than neem 0.2%, which probably due to theis different 
additives used in both formulations. No infection could be detected in the 
B. bassiana-treatedbeetles. 

The activity of the beetles is cyclical (Fig. 3). Data from days 1 and 2 
are slightly biased due to a prolonged sampling period (day 1: 90 min; day
2:110 min).The periodicity of the data, although biologically important, is 
irrelevant for assessing .he effects of the agents. This becomes evident 
when comparing the pattern of the activity of cage-tested tcnbrionids in all
 
replications (Table 3) and that of field-tested tenebrionids in 211 plots,

respectively (see small-scale field trials, below). Differences in the effects of
 
the agents are indicated by level of activity (Table 4) as compared to that of
 
the control. Neem-treated beetles exhibit 
 insecticide-caused hyperactivity
whereas the dieldrin- and B. bassiana-treatedgroups exhibit hypoactivity. 

Table 2. Mean mortality at the end of the trial. 

Agent Control Neem (t.p%,) DieldrinNem (0.2';;,) B. b.issatn, 
Mortality t 56%,4V., 78' 37',,
 

Corrected effect - 49'!, 4()"', 74'%. 2,7% 

Control Vdieldrin & neem (0.1%) (i' < 0.05; ANOVA K Nemian-Kels multiple 
comparison among means); other differences not -ignjticant. 
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Figure 1. Cumulative mortality (M) of Pimelia angulata tschadensis; neem (0.1% )
and neem (0.2%). 

ME BEAUVERIA 

Figure 2. Cumulative mortality (M) of Pimelia angulata tschadensis; dieldrin and
Beauveria bassiana. 
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Figure 3. Mean relative activity (RA) of Pimeliaangulatatschadensis. 

Table 3. Correlation matrix (Pearson's r) Gf the mean relative activity (RA) (all
days). 

Control Neem (0.1%) Neem (0.2%) Dieldrin B.bassiana 
Control 1.00 

Neem (0.1%) 0.82 1.00 
Neem (0.2%) 0.67"Dieldrin 0.84* 0.95"" 1.000.82"' 0.74"" 1.00tras 
B. bassiana 0.87'" 0.86 .B.___________________0.86 0.75" 0.89 1.00__________________1.00 _are 

o t cpitfallCorrelation coefficient significant at: P < 0.01; *P < 0.001. 

Small-scale field trials 

The field trials did not indicate any adverse effects of neem oil (0.1%) andBeauveria bassiana on tenebrionid beetles. No dead animals, neithertenebrionids nor other arthropods, could be found on the permanent plots,
There was no difference in the activity of tenebrionid beetles (speciesgroup listed in small-scale field trials, above) between pre- and postspray

periods (Table 5). As with the RA of the beetles in the cage trials, the 
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Table 4. Mean relative activity (RA) of P. angulata t. schadensis on days 3-15(retransformed data).
 

Agent Control Neem (0.1%) Neem (0.2%) 
 Dieldin B. bassiana 

Activity 5 % 56% 60% 32% 46% 

# Neem (0.1%). Neer, 0.2%) & Beauveria 5 Dieldrin; Neem (0.2%) 0
Beauveria (P < 0.05; Friedman-ANOVA & Wilcoxon-Wilcox multiple comparison 
among means with days 3-15 as replicates); other differences not significant. 

Table 5. Effect of the agents on the activity abundancc IAA) in the fie,, trials. 

Agent P All) E SE A(2) E SE A(3) [ Sf 

Control 62 49 41 38 

Neem (0.1%)
Beauveria 

40
44 

58
42 

18.7
5.4 

9.3
3.5 33

34 6.8
4.7 7.85.4 3028 5.5-0.6 3.73.2 

Mean AA (number tenebrionids/trap) on days -2 & -1 (P), 2 to 4 (A(1)), 6 to 8 
(A(2)) and 9 to I I (A(3)); all differences not significant. (Krusk3l-Wallis-ANOVA);E - effect, SE - standad error. 

activity of the tenebrionids in the field tests is phased sequentially (Fig. 4; 
maximum on days -3, 1, 5, 8/9). This phenomenon can be shown clearlyby a correlation matrix. A period of 5 days between the peaks is evident(Fig. 5 & Table 6). 

The synchronous pattern of activity of the beetles is evident not onlywithin the cage or the field trials, but also between these as illustrated in 
Fig. 6 and Table 7 (simultaneous testing period). Only during days 11-13the curves not synchronous (probably due to increased silting of the 

traps in the Schouwia thebaicafields).
The activity abundance of the tenebrionids in the control area (field

tests) is higher on most days than in the treated plots (Table 8, Fig. 4). 

Biotests 

Both in the laboratory (constant 35'C test temperature) and in in situtopical application tests, Pimelia angulata tschadensis showed no B.bassiana infection (analysis by BBA, Darmstadt). Only in Trachyderma
hispida could sporulation be detected (the beetles had died 4 to 8 daysafter treatment without showing any specific symptoms; also, under 

http:B.___________________0.86
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MEAN AA 
Table 6. Correlation matrix (Pearson's r) of activity abundance (AA) (all days). 

Control Neem (0.1%) Beauveria 

120 .. Control 1.00 
Neem (0.1%) 0.73 * * 1.00100 
Beauveria 0.76"* 0.77... 1.00
 

80, 

Correlation coefficient significant at: P < 0.01; * P < 0.001. 
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-0,4 -0,4 ... .Figure 
 6. Mean AA in the field irials (total catch/day & plot) and mean IRA in the cagetrials (all replicated and treatments pooled) on simultaneous days.
-0.6 
-0,8 

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4L7 -abundance Table 7. Matrix (Pearson's r) between relative activity (RA) (cage trials) and activity(AA) (field trials) on simultaneous days.
LAG
 

- CONTR. <=> NEEM 
 CONTR. <=> BEAUVERIA AA RA Control Neem(0.1%) Neem(0.2%) Dieldrin Beauveria 
NEEM<=> SE UVERIA
 

Control 0.77** 0.52 
 0.38 0.63 " Figure 5. Correlation of the AA of tenebrionids in treated and untreated plots (LAG Neem (0.1%) 	
0.67 " 

Beauveria 0.86* 0.58*0.79" 0.35 0.34 0.460.15 	 0.75**- 0, 1, 2, .. 	 0.53 0.547 means, that the AA in plot a on day x is correlated with the AA inplot b on day x -- 0, 1, 2... , 7; for negative LAGs the same applies: x -0 , 1, 2.7); correlation coefficient > 0.6 or < -0.6 are significant at P < 0.05. Correlation coefficient significant at: * P < 0.05; "" P < 0.01; ** P < 0.001. 
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Table 8. Mean activity abundance (AA) ol tenebrionid beetles tretransformed
data). 

TriO. plot Control Neem (0.1%) B. bassiana 

AA 47% 39% 37%. 

Control # Neem (0.1 %) & B. bassiana(P < 0.05; Friedman-ANOVA & Wilcoxon
& Wilcox multiple comparison among means, days ]-15 as replications); other
differences not significant. 

increased post-treatment humidity conditions the fungus did not break out 
within an 8-week observation period; only when beetles were kept in wet 
chambers did mycelia and spores develop). 

It is remarkable that the oil-formulated spore suspension remained 
virulent for more than 10 days even under extremely arid conditions, 

Discussion 

The assessment of the impact of alternative locust control agents on non-
target fauna requires a sound knowledge of the structural and functional 
components of the native ecosystem. Investigations of deleterious effects 
on parasitoids or predators of the target onand ecological key-species
should be part of the risk assessment studies. With regard to the control of 
Schistocercagregaria tenebrionid beetles can be defined as characteristic 
elements of the epigeal arthropod fauna of Saharan S. gregaria recession 
areas. It is not yet clear whether they are regulators of the density of desert
locusts. However, they are both competitors for food and potential egg
predators (Popov, 1980). Moreover, they represert a high percentage of 
the native zoomass. Their population reductioncusesevreor, that worst, theiran extinctionwoud pobalyisrutios o mas enrgyWe
tion would probaby cause severe disruptions of the mass and energy 
balances. 

The cage trials indicated the ecologically hazardous potential of diel-
drin. None of the other agents tested had comparable effects on P. 
angulatatschadensis.The significant effects of neem oil (0.1%) in the cage
trials could no! be verified in field tests. However, as with the cage trials,
the activity level in the neem applied field test plot increased directly after 
treatment (see Table 5). This hyperactivity might indicate a repellent effectof neem (Hi. Schmutterer, pers. comm.). Over the whole observation 
period, the activity abundance in the control plot was higher than in the 
treated plots. This might be attributed to the different size of the Schouwia 
thebaica fields (control-plot = 1500 m 2, neem-plot = 1000 m 2 & B. 
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bassiana-plot = 500 m 2 ), the larger ones having a higher carryingcapacity. Beauveriabassianadid not have any effect on the tenebrionids. 
Even topical applications led only to infection of T. hispida.Tests on desertlocusts which were carried out at the same time (Nasseh & Freres, 1991) 
gave just as little evidence of B. bassianavirulence. The low virulence mayhave been caused by the arid and hot conditions, by specific non-suscepti
bility, or by both factors together. The B. bassianaformulation tested does 
not seem to be fullv developed. In addition, because of flocculation the
suspension is not suitable for ULV applications. Periodic fluctuations ofthe activity are superimposed on potential treatment effects. Because of the 
periodicity (5-day intervals) and the consistent curve pattern of activity of 
the cage- and the field-tested beetles, these must be explained by external 
influences (for example, wind or humidity) and not by population dynamic
factors in a narrow sense such as birth or death rates, gains from immigra
tion, and losses from emigration. Inecticide-induced effects, even if 
statistically proved, should be interpreted with careful evaluation of eco
system-specific characteristics. Consequently, a proper risk assessment can
only be achieved if basic ecological research is included.In recent ecotoxicological studies, due to a low susceptibility, Tene
brionidae did not appear to be good indicators of early effects of pesticide
impacts (MCiller, 1988; Van der Valk, 1990). Nevertheless, we believe thatbecause of their high abundance and important ecological function in arid 
ecosystems as well their potentialas for predating Schistocercagregaria, 
the tenebrionids Pimelia angulata tschadensis and, to a lesser extent,
Trachydermahispidaare appropriate test animals in early step laboratory
investigations to assess the ecotoxicological risk of a wide range of 
chemicals in sahelian ecosystems. 
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The effect of various neem products onthe survival and flight activity of adult 

Sckistocerca gregaria 
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nerel eshekbe mpugEcbo.Integrierte Heuschreckenbekiimpfung Eschborn. 

Abstrac 
Schistocercagregaria(Forskl) adults were collctd in the Tamesna desertcitcrag eai F rk )a utsw r olce nteT ms ad sr 
(Republic of Niger) and treated topically with various neem product
formulations. Depending on the application method, untreated controls andlocusts sprayed with palm oil did not show any mortality, but the treatmentwith neem oil usually decreased the flight performance by up to 70%. 
Recovery from this reduction could not be observed in flight experiments

repeated at day 6 after application.


Injection of synthetic adipokinetic hormone did not raise the blood lipid
concentratic rf neem-treated S. gregarianearly 
as much as it did inntre ated reS . gai n e r ed a m u ds n
 
untreated controls. Therefore, it can be inferred that compounds from neem
seed kernels inhibit the lipid mobilizing system of S. grearia Conseqventfly,the locusts treated with neem produets have insufficient reserves to fly long
 
distances.
 

Introduction 

Energy metabolism of the locust is regulated by hormones stored in the 
corpora cardiaca (cc). The adipokinetic hormones (AKH) synthesized andreleased by the cc increase the concentration of energy-rich metabolites 
(lipids) in the haemolymph to provide flight muscle with energy required
for long-distance flights. Release of the hormones is initiated at the onset of
flight activity and the lipids originating from the fat body are completely
oxidized by the flight muscle cells (Beenakkers et al., 1984).

In various insect species neem products, as well as injected
azadirachtin, interfered with the hormonal regulation of flight metabolism 
and reproduction (Schulz, 1985a, 1985b; Rembold et al., 1986, 1988, 
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1989; Dorn et al., 1988; Subrahmanyam et aL, 1989), and led to reduced 
or completely inhibited flight ability and fertility (Steffens & Schmutterer, 
1Q82; Wilps, 1989; Schmutterer, 1990).

Most of the investigations on the effect of neem products as well as the
mode of action of azadirachtin have been done under laboratory con-
ditions. Additionally, there is no information on the effect of neemproducts on the adults of Schistocercagregaria(Forsk~i). 

In our experiments, adult S. gregariacollected and kept in field cages 
were used in tests carried out at In-Abangharit (Tamesna desert, Republic
of Niger). Tae studies aimed to elucidate the fitness reduction of S. 
gregariafollowing the application of various neem products by different 
methods. The mortality rate and flight performance were chosen as themeasured variables. 

Materials and methods 

The locusts were collected in Arabigou (Tamesna desert, Niger), an area of 
about 3.5 km2 covered with Schouwia thebaica(= purpurea)*(Cruciferae),
located 100 km to !he north-west of In-Abangharit. The locusts were 
caught between October and November 1990 and reared in cages (2 x 2 x 
2 m) set up in a field, also covered with S. thebaica,located near the base
of In-Abangharit. When the locusts were caught, most of them were 
immature and showed an intermediate phase status. After three weeks,however, most had changed to the gregarious p'ase and also were fully
developed. In the experiments only adult males were used. 

Application on resting locusts (ground treatment) 

Neem and palm oil were applied at a rate of 1 mI/m 2 (10 I/ha) by using an
ultra-low volume (ULV) hand sprayer. To prevent S. gregariafrom flying 
away they were exposed to cold (20 min at 6°C) before experimentation, 
and subsequently transferred into an area of 16 M2"bordered with a plasticfence 1.5 m high. 

Application curing flight activity (flight treatment) 

The locusts were fixed on a flight mill immediately before treatment with adosage of I m!/m-2 . The volume applied was calculated from the flow rateof the sprayer, the spraying time, and the ground area which was covered 

*Taxonomy in dispute eds) 

Survivalandflight activzy of adultSchistocerca gregaria 

by the spraying cloud. After application, flight activity continued for at 
least 3 min, at an average speed of 7.7 + 0.4 km/h. 

Measurement of flight activit 

Six locusts were attached to a flight mill and, utilizing the fact that insects 
without ground contact show permanent flight activity, the number of 
revolutions as counted by a mechanical counter to obtainn average for 
all six. All experients were carried out at temperatures between 28C and 
32C. Fight was measured for periods of 30 or 60 mi. 

Concentration of lipids in the haemolymph 

The change in haemolymph lipid concentration in treated and untreated 
locusts was measured following flight activity and injection of adipokinetic 
hormones. laemolymph samples were obtained by pricking the membranebetween hindleg and thorax. The hormone was iniected in 10 [d distilled 
water through the intersegmental cuticle between thorax and abdomen. 
Haemolymph lipid concentration was measured spectrophotometrically
using the method described by Z611ner & Kirsch (1962). 

Substances tested and controls 

. Neem oil enriched with methanolic extracts of pressed seedneem 

kernels to a final concentration of 0.075% azadirachtin (prepared 
 at theUniversity Giessen = Neem Giessen)
2. Neem oil enriched with an azadirachtin content of 0.25% (prepared at 
IITA, Benin = Neem Benin)
3. Pure neem oil pressed from neem seeds (origin: Republic of Niger) 
4. Pure palm oil as control (origin: Republic of Nigeria)
5. Adipokinetic hormone (synthetic Schistocercaadipokinetic hormone i,
 
Peninsula Laboratories, Belmont, USA).
 

Tie neem products used were a gift from Prof. Schmutterer, University
of Giessen, FRG, Dipl.-Biol. J. Langewald, IITA, Cotonou. Benin, andDipl.-Biol. H. Ostermann, Protection des VWgrtaux. Niamey, Republic of 
Niger. 

Statistical analsis 
After confirming that the data were normally distributed, statistical significance was tested by Student's t-test. If not mentioned otherwise, sig
nificance was calculated on a 95% level (P < 0.05). 
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Results and discussion 
100 

Mortality rate and flight activity of S. gregaria treated during the resting
phase 

In initial ground application trials neither the treated population nor the so-_e.. ... (,fC. G, i 

untreated control showed a significant increase in mortality rate during the
observation period of 15 days. Nevertheless, two days after application the A -0 (enm.hd B.nJ 

flight performance of these locusts was 
A 

tested. The flight distance was o.A	 Ameasured every five minutes to control the uniform course of the flight
 
activity (Fig. 1).
 

1 	
40 
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_" T/ 	 Figure 2. Mortality rate of S. gregaria treated during flight activity. The curvesdemonstrate the increase in mortality expressed as '% of the initial population size.The data are the mean 
0/ 

± SD of 4 to 5 replicates for each experiment, except the 
application of neem Benin (unreplicated).

ca3000 	 / 

Although enriched neem oil applied during a resting phase did not 
/ * I 

2000 / 7 .	 
affect the life span of S. gregaria,it reduced the flight performance by morethan 50%. With respect to locust cot.trol these results are interestingl 
because they demonstrate t,:t.t neem oil can influence the migrationbehaviour of S. gregaria.If it is possible to treat locusts in the desert, farcontrol from agriculture, reduction of flight activity might be a useful effect1000-

*- neem-ground application because treated locusts may be more susceptible to predators.This reduction is not sufficient to combat locusts that l'ave reached 
cultivated areas. In this case, an inc-ease in the mortality rate of the treated 
locusts is necessary. Therefore rneem products were also tested against
flying locusts. This technique was attempted for the following two reasons:5 10 20 30 40 50 60 1. to produce an effect on S. gregarianeem oil has to pass the cuticle but 

time (min) the most sensitivemembranes parts of the insect body (such as intersegmental
Figure 1. Flight performance of treated and untreated S. gregari..-!Jsavce in m/h). 	

or wing joints) are covered by the wings during resting periods
The data are the mean 	 2. the dispersal of a substance in an insect± SD of 3 replicates with 6 locusts for each experiment, 	 metabolic rate. According to the findings 

body is correlated with the 
of Weis-Fogh (1952), the 
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metabolic rate of S. gregariaincreases during flight activity by a factor of
about 50 and the effect of ncem might therefore be ,nhanced during flight. rt3000 h , (untreated)
The effect of various ncem products and palm oil applied during flight 48 after application oilactivity on the mortality rate of S. gregaiiais presented in Fig. 2.Neem Giessen and neem Benin increased the mortality rate to up to70% of the initial population within 3 to 4 days and even pure neem oilcaused a slightly increased mortality Irate. This was in contrast to the 

natural mortali'y of the untreated and palm oil controls 

2000 T,/

which remained /
below 10%. The comparable results of neem Benin and neem Giessen weresurprising because these products differ in azadirachtin content by a factorof nearly 3. This may be TC.of importance when developing new neemproducts since azadirachtin is said to be the most effective neem .e 1000. enrichedd neemoilcompound, but also the most difficult component to extract. 


The flight performance of neem Benin-
1
 

and neem Giessen-treated 
Ilocusts did not differ significantly in the various measurements. Therefore
only the flight performance of neem Giessen-ireated S. gregaria is
presented in Fig. 3. 


After treatment with 
 neem oil, the flight performance of S. gregaria 
0 

1 2 3 4 5 10decreased by more than 60% (Fig. 3). The fact tha the flight performance 20 30 
time (in)
improved slightly at day six after spraying does not point to a recovery ofthe insects but was caused by the fact that by &i.1s time onlycontaminated locusts survived (mortality rate the less me-e than 70%). 3 

The flight periods were measured for only 30 min, because about 60% control (untreated)
144 h after applicationof the treated pl oilS.gregaria did not sustain a continuous flight activity longer
than 30 min; 30-40% of the insects had already stopped flying after 10 to 


'
20 min and furthermore, nearly 30% of ti'e locusts treated with enriched
neem oil were completely incapable of any flight activity. 
 2000-
The flight performance of S. gregariasprayed with pure neem 
J 

oil wasonly slightly affected (data not shown). E 
Migrating locusts utiize lipids stored in the fat body as fuel for long a 

distance flights. The onset , 1.of flight activity is registered by the brain and i 
_leads to the secretion of AKH, which are Tsynthesized and stored in the 1000corpora cardiaca. The hormones eare released into the haemolymph andtransported to the fat body. In this organ the hormones initiate the acti- I J±vation of the lipid mobilizing system. Lipids inthe form of fatty acids aresecreted into the haemolymph and transported to the flight muscle, where acomplete oxidation to water and carbon dioxide yields energy. Therefore .
the haemolymph lipid profile depends on the physiological state of theinsect, and furthermore can he influenced by the injection 0of synthetic 1 2 3 4 . 10 20 30 time (min)AKH. Thus changes in blood lipid concentration in treated and untreatedlocusts may be mediated by flight activity or hormone injection and allowconclusions about the mode of action of 

Figure 3. Flight performan(e of S. gregarim 48 h and 144 h after tlightnecm products and the physical treatmentThe curves present the flightperformance given in m.30 rainfor S.gregara
capacity of treated and untreated locusts to be drawn. The differences in untreated and treated with enriched neem oil (0.075!,,, azadirachtin) or palm oil.The data arw the mean ± SD of 3 to 4 replicate, %.%ihll 6 li( sts e,(h. 
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blood lipid concentration before and after flight or AKH injection of
control and neem treated locusts are shown in Fig. 4. 

In untreated locusts, flight activity decreased the blood lipid level, 
whereas the injection of AKH increased the lipid content. The lower lipid
concentration resulting from flight activity indicated that the lipids releasedby the fat body were oxidized immediately to provide the energy needed 
for this physical activity. The increase in lipids after AKH injection demon
strated the hormone induced activation of the lipid mobilizing system, andthe fact that these lipids were not oxidized because the animals were not
allowed to fly. in ground-treated locusts comparable observations were
made, but the lipid content after flight as well as AKE injection wasreduced, indicating that the energy mobilizing system was affected by the neem products. In flight-treated S. gregariaa complete disruption of the 
energy providing system can be observed. Neither the flight activity nor the 

.. .these 
10 12 5 30 

30 
30' flight
60' flight 
10 p mol AKH 

H20 control 

20-

0 
E 

E 
10-


E 

18 12 
 17 


neem neem 
-10 control ground flight
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Figure 4. The columns represent the difference in blood lipid concentration beforeand-after flight activity and AKH injection, respectiveli and were expressed in mglipid/ml haemolymph. The data are the average ± SD of 5 to 30 estimates foreach column, indicated by the number above each column. 

Survival andflight activityofaduli Schistocerca gregaiia 
AKH injection led to a large change in blood lipid concentration. There
fore one may assume that these locusts were completely unable to providetheir flight musdes with the energy necessary for long distance flights. 

Conclusions 

Ground treatment with enricr'ed neem oil did not affect the mortality rate
of S. gregariabut decreased the flight performance, and influenced the
lipid mobilizing system. The same products applied during flight increasedthe mortality rate up to 70% and led to a complete inability ,osustain flightactivity, also induced a disruption of the energy mobilizing system. Flight
treatment promises a successful strategy for the of productsuse neem 
against S. gregaria,but further investigations are necessary. The goal. ofinvestigatons must be oriented toward: 

1. varying the formulation to obtain higher concentrations of the effective 
compounds in neem (to reduce the application volume and to test thefeasibility of a ground application) 
2. further dose-response experiments involving various application 
methods in order to minimize the dosage needed3. a better understanding of the mode of action of the neem products.This must include the identification of the most effective compound in the 
seed kernel extracts. 
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A review of field studies of the 
environmental impacts of 
locust/grasshopper control programmes 
in Africa 
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Abstract 
The desert environment may be adversely affected by the application of
chemical pesticides for desert locust conl;ol and microbial pesticides must
also be monitored for environmental side effects. Locusts concentrate to feed
and reproduce in areas of vegetation which are also richest in non-target
species. The microccology of these habitats is very important in determining
the effects of pcrf.,ides, as is the application method used. The effects on
pollinators have caused particular concern and methods have been evolved to
study impact on honey bees. Effects on other non-target organisms are beststud y im e ees Efecs onthel arge o g aim s a es 
studied by time series analysis, since the large areas and long time scales 
required for conventional analysis are not usually practical. The results of some preliminary studies on non-target effects of locust control indicate
significant effects on terrestrial arthropods, aquatic organisms and birds.
More work is needed on methodology and on criteria for judging the 
acceptability of pesticide side-effects. 

Introduction 

The plague of desert locust (Schistocercagregaria(Forskfl)) that afflictedAfrica and the Middle East from 1986-9, coupled with a simultaneous 

grasshopper outbreak in the West African Sahel. triggered a massive 
emergency response from the international eommurity. The problem wascountered with the same method employed during the last major plague. 25 years previously: insecticide application to acridid swarms and their feeding 
and breeding sites. Extensive and Breas were treated. Nearly 14 million ha 
in Africa were sprayed for locusts, and insecticides were applied to 



348 

349 

I.C. tatewin 

additional millions of hectares in the Sahel for grasshopper control (Everts,1990b; OTA, 1990). 
Also, as in the past, little or no environmental monitoring was done inconnection with the acridid control campaign. Insufficient data wereavailable to estimate he campaign's impact on non-target species, orinformed decision making on controversial questions such as 

for 
the relativeenvironmental costs of dieldrr, and less persistent chemicals that wereproposed as substitutes (Van der Valk, 1988). The assumptioL, that pesti-

cide applications in the desert cause scant or no environmental damage isbeing questioned. USAID's Programmatic Environmental Assessment
of the locust/grasshopper control programme in Africa and the MiddleEast (TAMS/CICP, i989) underlined the importance of avoiding treat-
met of fragile habitats, of developingreplace the current unilateral dependence 

alternative conroi methods to
making environmental on synthetic insecticides, and ofmonitoring a central element of acridid controlactivities. 

USAID and other agricultural development organizations are acting onthose recommendations. Since insecticides are the main locust/grasshopper 
control method available for Africa in the near future and will probablyremain part of i--tegrated control programmes, field reseacchers have begun

.onto investigate insecticide impact non-target species. Experimental
findings will help 6,:velopto safe and selective application guidelinesas well as environmental monitoring methods. 


Microbial insecticides must undergo scrutiny just 
 as synthetic andbotanical ones do. They may harm non-target species which are rare or 
which are pollinators, scavengers, important food sources for insectivores,or predators and parasitoids of insect pests (Laird et aL, 1990). Much of 
the following applies to entomopathogens, should field tests be required. 

Characteristics of locust/grasshopper control campaigns thataffect pesticide hazard to non- target species 

Certain characteristics of locust/grasshopper control campaigns .Id the 
arid environments in which they operate affect the hazard to non-targetspecies. Most of these characteristics increase hazards (de Visscher et aL,1988: Everts, 1990a). 

Seasonalitv 

Locusts and grasshoppers are attracted to moist, green habitats to eat andreproduce. In the desert this means oases, wadis with permanent vegeta

Iields.tudieson the en tironmentalimpacts ofcontrol programmes 
tion, or restricted areas here rainfall has produced temporary plant coverand the desert is in bloom for a brief period. These habitats are rich inspec:es taking advantage of favourable conditions for their annual period ofactivity and reproduction, not only acridids, but other vertebrate andinvertebrate herbivores and their predators, as well as human nomads withtheir livestock. Thus, locust/grdsshopper in:ecticide applications arc madewhen and where they can do the most damage :o non-target species.On the other hand, the extreme seasonal conditions in desert environ
ments, particularly the irregularity of rainfall, have caused native flora andfauna to develop defences against a temporarily unsuitable environment.
For example, many organisms are dormant during dry periods, withdevelopment and activity triggered by rainfall; however, in some species 

(including some of the major natural enemies of acridids) only a portion ofthe population is reactivated at anyemergences one time, with delays betweenlasting months or years (Greathead, 1963). Such adaptationscould protect part of non-target arthropod populations from exposure to asmall number of insecticide applications (Grant, 1989), and it is importantto consider the biolcgies of non-target organisms when interpreting risk. 

Isolation of sensitive habitats 

Many rich habitats, particularly oases, permanent springs and temporary
pools, are isolated. Ephemeral and non-mobile animal populations arevulnerable to local extinction with poor prospects for recolonization. 

Enhanced degradation of insecticides 

High UV light intensity and high temperatures promote insecticidedegradation, as do.z increased microbial activity during rainy period!:
(Grant, 1989). Thu-- :ie residual effect of insecticides applied in locust/
grasshopper habitats !1!, ,hemuch shorter-lived than in temperate zones. 

Large scale insecticide application 

Treatments generally cover large areas, up to 10 km 2 for locusts and100+ km2 for grasshoppers (Eers, 1990b). This slows or even prevents
the recovery of non-target species through recolonization. However,prospects for population recovery in savannas are probably relatively good,since even a large treated parcel is surrounded by similar untreated grass
land. 
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Application methods 

Equipment used for large scale operations, especially fixed-wing ai-craft,decreases the precision of applications and increases environmental risks,Water holes, water sources for treated cropland and other small or
dispersed non-target ha bitats are frequently contaminated, 

Insecticide dosages 

The insecticide dosages used for locust control are generally higher ihan
dosages applied in other crop protection campaigns. In practice, overdoses are common and can cause dramatic ecological damage. 

Repetition of treatments 

Repeated insecticide applications multiply the hazard to noa-target speciesand may seriously delay the recovery of populations. A series of appli-cations in a single location is frequently mrie to control grasshoppers, and 
sometime, for locust control. 

Ecological importance of locusts and grasshoppers 

Many vertebrate and invertebrate species use acridids as a food source.
This increases the risk of secondary poisoning of insectivores and of suddensignificant food deprivation for some non-target species after an insecticide 
application. 

Fo resarcethodies fomentalField research methods for determining insecticide impact
on non-target species 

Pesticide hazard to a non-target species is evaluated by combining data orh 
pesticide toxicity and exposure, and then interpreting the risk in the light oflife history, application patterns, habitat and other factors that will deter-
mine the severity of effects and the ability of the population to recover. Theepidemiology of entomopathogens may play a significant role wheremicrobial pesticides are concerned. Predatory and parasitic arthropods can
disseminate pathogens within host populations, scmetimes with a seriousnegative effect on the beneficia., (Vinsoi, 1990). 't is not possible toestimate risk accurately without a field experiment to reflect genuine 
exposure (Grant, 1988, 1989; Jepson, 1988; Brown, 1989). Preliminary
toxicity trials in the laboratory are useful for identifying susceptible non-
target groups that should be the focus of field trials. 

Fieldstudieson the ent'irontnenta l;,ac..*,o((()fcontrolrra,ev 

Honey-bees 

Honey-bee (Apis melliferaLinnaeus) poisoning by insecticides has becomethe number one problem for bee-keepers on a worldwide scale (Atkins,1975; Johansen, 1977), and honey-bees are customarily included in studies
of pesticide impact on non-target species. Oomen (1986) and Feiton et al. 
(1986) have proposed a sequential evaluation scheme that would start withlaboratory screcaing, continu, with cage trials and end with hield studies. 

Insecticide impact on honey-bees is measured in the field by observingexposed colenies for several days before and after the insecticide applica
tion. Queen and brood condition, the number of dead bees and foragingflights at colony entrances, and foraging activity on a treated crop can all 
be monitored fGary, 1967; Gary & Mussen, 1984; Gary & Lorenzen,1989). In addition, -aged bees ca:j be exposed to pesticide applications to 
determine direct '.ffects. Dead bees may be analysed for insecticideresidues to confirm cause of death. Experienced local beekeepers whoinspect bee colonies before and after the insecticide application can evaluate the probable long-term impact of the insecticide as well as the 
resulting economic losses. 

Other nor--target species 

Field experiments usually involve periodic sampling to compare changes in
target and non-target species numbers or impact (percentage parasitism,predation) between treated zand untreated areas before and after pesticide
application. Ideally, an expr,ment would investigate the entire recovery 
phase of non-tar3,2t species populations over the total area affected. Since
 
the area affected is normally much larger than the largest possible experiplots and recovery may require several years, limited experimental
budgets and other constraints rarely per2-.it studies of such extent. The
 
failure to distinguis between the experimental and biological dimensions is
 
one of the major 1iaws in the design and interpretation of pesticide side
eff-,:ts studies (Jepson, 1989; Everts, 
19 90a).

Because of the potential for dispersal and redistribution of non-target
species between plots, small-plot experiments are generally suitable onlyfor short-term monitoring studies. Season-long investigations may requirevery large plots (many square kilometers) to be realistic, especially for birds
and flying insects Replication raises the likelihood of observing significanttreatment effccts, meansand tha; the experimental results can be con
sidered applicable to other similar habitats, not only to the specific plots
used (Hurlber,, 1984). However, where large plot sizes are required it can
be difficult or impossible to replicate (Sotherton et aL, 1988). In that case, 
a time series analysis is preferred. in order to obtain statistically analysable 

http:per2-.it
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results, a period of pretreatment monitoring of all plots is required, as well as post-treatment monitoring (Stewart-Oaten et al., 1986; FAO, 1989).
3irds, mammals, fish and aquatic and terrestrial invertebrates are the 

non-target groups most frequently observed to determine pesticide side-effects. Terrestrial arthropods, particularly pollinators and beneficial
species associated with irsect pests, would be the focus of studies on thenon-target effects of microbial insecticides (EPA, 1989). Previous work hasshown that entomopathogens can harm beneficial insects through directhifection and/or through a reduction in the ava,:.ibility or quality of theirfood sources. Parasitic Hymenoptera appear to be particularly vulnerable.
While entomopathogens are known to reduce prey available to predators,
they are decidedly less hazardous to predators than are synthetic broad-
spectrum insecticides (Vinson, 1990).

Most arthropod experiments have involved extensive collecting using
general sampling methods, and have analysed findings only at order orfamily level. Yet genus and species level information is usually necessary
for a meaningful :tudy. Species wit-in a taxon that have particular ecologicaland/or economic significance may react much differently to a pesticide
application than does the taxon as a whole (Sotherton et aL, 1988; Van derValk, 1990). 

To confirm the causal relationship between a pesticide application and an observed effect, a* least two of the following observations should bemade (FAO, 1989): 

* Coincidence of treatment and effect 

" Dose-response relationship 

* Observed recovery from effect 
" Additional information from residue or cholinesterase measurement 

" Observations of effects in individual organisms.
 

Work to date and future directions 

Reports have been published recently on initial experiments to determine 

(Ottsen 197; Otesn
the ecological impacts&Semm, 187;Dynmac,198a, 988bof locust/grasshopper insecticides in MilerAfrica 

(Ottesen, 1987; Ottesen & Somme, 1987; Dynamnac, 1988a, 1988b; Muier,1988, 1990; Pinto et aL, 1988; Ottesen et aL, 1989; Everts, 1990b). Due tolack of time, resources and/or skilled personnel, few of the experimentsfollowed the ideal experimental guidelines described above. Results arethus of limited applicability, but a general picture of the impact of some 
commonly used !ocust/grasshopper insecticides is emerging (Everts,1990b). Terrestrial arthropods and aquatic animals (particularly crusta-
ceans) are significantly affected, and severe effects on birds have been 

Fieldstudieson the environmentalimpacts ofcontrol programmes 

observed in some cases. Not is yet tonearly enough known designate'indicator species' canthat simplify the monitoring of pesticide impact(Everts, 1983), or to c'-,ign practical environmental monitoring meth.ods 
for insecticide application f'-:,mns.

Consistent with their recent emphasis on integrated pest management
and sustainable agriculture, international development organizations arecontinuing to increase their attention to the ecological effects of pesticides.
Further work is needed to improve experimental methodology for studies ofinsecticide effect on non-target arthropods. Possibilities of supplementing
field trials with laboratory or semi-laboratory approaches should be investi
gated. Statistical methods need to be improved for analysing time series
data and indirect phenomena such as insecticide-induced pest resurgence,
and fo-- detecting small changes in non-target arthropod populations thatexhibit wide natural fluctuations in population density. Appropriate time
scales for observations must be determined and applied. There also remainconsiderable problems with interpreting field studies and establishing
indicators of environmental quality (Sotherton et aL, 1988). This isespecially true for Africa, where the taxonomic status and ecology of so 
many arthropod species are unknown. 

Finally, there is the question of criteria for judging the acceptability of
pesticide side-effects. What limits shold be set on honey-bee mortality andreduction of populaticns of threateLed or endangered species? Areperturbations in beneficial insect populations aceptable if detectable for 
only one season? Two seasons? These and similar questions merit careful
investigation. Policyn.akers depend on scientists for defining key issues forproposing research and for advice on adequate environmental protection

standards.
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AbstractCompared with chemical irsecticides, fungal microbial control agents offer,among other advantages, a method of insect pest control that has a verynarrow host range, can usually be integrated with other bio,ontrol agents,
may provide prolonged control by establishment in the host population, and
is also biodegradable. A brief review of the potential environmental impact 
and safety of candidate fungal control agents is presented. There areindications that these organisms pose only a minimal risk to humans,
domestic animals and wildlife. The wide host ranges of some species have 
caused co ncern regarding safety to non-target invertebrates . Results of alaboratory study on the safety of a grasshopper isolate of Beauveriabassiana
Balsamo (Vuillemin) to alfalfa leafcutter bees are reported. No significant
increase in bee mortality resulted from treatment of alfalfa with B. bassiana
conidia. However, the limitations in our knowledge of fungal epizootiology
make it impossible to extrapolate from such data to the field situation, 
Continuous monitoring during field use after preliminary laboratory and field 
safety testing is recommended to ensure safety to non-target invertebrates. 

Introduction 

Compared with chemical insecticides, fungal microbial control agents offer, 
amonw other advantages, a method of insect pest control that has a very 
may providerange,prolongedcan usually be integrated with other biocontrol agents,control by establishment in the host population,and is aso biodegradable. The best documented cases of detrimental 

En t'ironmentclimpact andsafety offungal biocotrolagents 

environmental impact of fungal biocontrol agents are indirect effects on the 
predators and parasitoids of the target pest through host depletion (Goettel
et al., 1990). In certain instances, fungi may also adversely affect certain 
(Goettelnon-target invertebrates directly including predators and parasitoidset al., 1990; Vinson, 1990). In general, it is not possible to reduce 
a pest population without affecting componentalso another of the 
ecosystem. For instance, by depleting or evenit is inevitable that the host's predators and reducing a host population,parasites will be adverselyaffected. In such situations, it is imperative that an integrated pest manage
ment programme be put into effect that would integrate fungal control with 
other available control methods. 

Safety 

A review of present knowledge of potential fungal control agents indicates 

that these organisms pose only a minimal risk to &Shadduck, 1990), domestic animals and wildlife (Saik 
humans (Siegel 

er .2., 1990),non-target invertebrates (Goettel 
and 

et aL, 1990). Nevertheless, the generalconsensus is that since fungi may pose inherent risks they should beregulated. Most forguidelines registration of entomopathogenic fungirej4uire laboratory testing for infectivity to non-target organisms includingmammals (Hall et aL, 1982; Azawa, 1990; Betz et aL, 1990; Kandybin & 
Smirnov, 1990; Quinlan, 1990).

Thirnov10tiland1990).
T hem po eni a enro e n i c t o sr e to high e r 

animals including man, centre on direct exposure to high levels ofinocuum. These hazards include toxicity, allergenicity, and infection, andare generally associated with improper handling and application of the
product. As pointed out by Prior (1990), these do not generally pose newproblems since the same types of hazards are present and dealt with in the 
use of chemical pesticides. 

Host range and specificity 

Ture most likely environmental risk of fungal microbial agents is that nontarget invertebrates may be infected and killed. A 'safe' microbial insecti
cide is essentially one witth a restricted host range under the conditions of 
use. Some fungal species are highly specific and pose a minimal threat to 
non-target invertebrates. For instance, Entornophaga grylli (Fresenius)
Batko is restricted to Orthoptera even to the point of species specificity ofpathotypes (MacLeod, 1963). Some other entomopathogenic fungi have verywide host ranges. For insiance,has been recorded as infecting over Beauveria bassianaBalsamo (Vuillemin)700 species of arthropods (Li, 1987). 
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However, laboratory studies have shown that different isolates of the same 
species with a wide host range are generally most virulent to the host fromwhich they were first isolated (Goetiel etaL, 1990). Prior (1990) points out 
that there are some exceptions; certain strains possess high pathogenicity to 
previously unencountered hosts. 

Fungi with wide host ranges are frequently more specific under field 
conditions, especially during epizootics (Goettel et aL, 1990). There are
several reports of fungi attacking only one host even though closely related 
species are present. Such resistance is thought to occur as a result of the 
complex biotic and abiotic interactions which occur in the field. Further-
more, some insects can be infected readily in the laboratory by fungi not 
known to attac'.them naturally. 

Host specificity needs much farther investigation, both from the point
of view of the range of arthropods infected, and from that of the biotic and
abiotic factors or interactions responsible for its restriction or extension. In 
view of the complexities of the field situation, great caution should be 
exercised when attempting to extrapolate laboratory results. 

Safety testing 

Even though the value of laboratory results on non-target susceptibility tofungal agents is dubious as far as establishing safety in the field is 
concerned, most requirements for registration and even limited field 
experimentation require laboratory safety testing to non-target inverte-
brates. Such requirements usually include the honey-bee (Apis mellifera 
Linnaeus) as a test organism, but laboratory testing of entomopathogenic 
fungi against social insects such as the honey-bee poses unique problems. 
For instance, Vandenberg (1990) demonstrated that a strain of B. bassianacaused mycosis among honey-bees treated with very high doses of conidia,
although the result was obscured by the fact that mortality was not signifi-
cantly different from the control. If a pollinator species must be included insafety testing, more suitable candidates should be used. The sustained 
viability of caged leafcutter bees would make these bees better candidates 
for pollinator safety testing requirem ents because caged honey-bees do notsurvive well. 

Saiety of B. bassianato the alfalfa leafcutter bee 

The alfalfa leafcutter bee, Megachile rotindata(Fabricius), is used exten-
sively in North America for pollination of seed alfalfa (Medicago saliva).
Although no records of B. bassianainfecting leafcutter bees in nature have 
been reported (Goettel c al., 1990), recently Goerzen et al. (1990)
demonstrated that prepupae were susceptible to the fungus. Caution is 
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therefore warranted if applications include direct exposure of bee colonies 
or foragers.

We tested the effects to adult leafcutter bees of B. bassianaapplied
directly onto alfalfa. The B. bassiana isolate used is being developed by
Mycotech Corporation, Butte, MT, for control of grasshoppers (Johnson et 
aL, these proceedings). The fungus was supplied as a dry conidial prepara
tion containing starch. Conidial viability was determined to be 60%. Three
2 i pots of flowering alfalfa cv. Beaver, were placed in each of 10 cages,
1.32 in 2 . The plants in five cages were sprayed with a conidial suspension
in water at a rate of IXI09 viable conidia per cage. This is equivalent to 
IXIO13 conidia/ha, the target application rate for grasshopper control. 
Uniformity of spray application was verified through the use of wter sensi
tive paper. Twenty-five male and 15 female leafcutter bees were added to
each cage 12 h after the alfalfa had been sprayed. Equivalent numbers 
werc added to f: ve paired cages containing unsprayed alfalfa. Mortality of 
the bees was monitored daily for 14 days. Samples of dead bees were 
surface-sterilized vith 40% ethanol and held in a chamber at 100% RH 
and room temperai;::re to encourage fungus growth on the cadavers. At the 
termination of the experiment, census made of aa was number of beesremaining in each cage, and the initial cage counts were adjusted to 
account for a few bees that escaped.

After 14 days, there was no female mortality and male mortality
averaged 9% in the treated cages. There were no significant differences in 
mortality between treatment and control bees; however, all slurface
sterilized cadavers from treated cages produced B. bassianahyphae and 
conidia within three days, indicating that the bees were infected with the 
fungus. 

Conclusions 

With few exceptions, fungi are generally safe and do not pose any serious 
threat to higher animals. The wide host ranges of some specie have caused 

soeat to os t arge t inverte e s a nd ca ssome concern regarding safety to non-target invertebrates, and this hashindered their field testing. Current recommendations for registration
include laboratory infection tests or. selected non-target invertebrates 
including bees. However, the limitations in our knowledge of fungal
specificity and how it relates to epizootiology make it impossible to extra
polate such data to the field situation. Based on present knowledge of 
fungal epizootiology, a bette, approach for ensuring long-term safety to 
invertebrates would be continuous monitoring during and after field 
application following preliminary !aboratory and field safety testing. It is
imperative that excessive safety and registration requirements do not 
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arthropods in the terrestrial environment. In: Laird, NI., Lacey, LA. &Davidson, E.W. (eds), Safety of Microbial Insecticides. CRC Pres., Boca 
Raton, pp. 43-64.
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ment interaction and that sequential analysis would not give this inter-Panel discussion: precispecissincePane disussin: action. Dr Johnson agreed that this may be better modelled by other meanstimes are not randomized. 

Dr Mouhim asked about the population level of grasshoppers in trialsin Mali with Beauveria baesiaa and was told that tic density variedbetween blocks but was about 15-22 individuals/m 2 , but certainly not low.
Dr Magor asked whether migration cot.d be ascertained from GISdata and Dr Johnson said that he was trying to build this element into the 

model and is sure that it can be done. 
Dr Auld asked Dr Keller what the concentration of skimmed milk usedin his formulation was. The reply was I%. Dr Milner asked what the sporeapplication rate was for Beauveriausing cereal b;,- at a dose of 200 kg/ha.

The spore production was not known, but the dose applied was 100 kg/nawhich will be reduced to 30-50 kg/ha. The spere productioa .rom each 
'infected larva v~as approximately I0 per larva. 

Dr Bateman asked Dr Lobo Lima what sort of oil had been used inCape Verde and how it was mixed with water. Dr Lobo Lima and DrDr Bateman opened the discussion by asking whether replications can be Henry said that it wasachieved repeating the same experiment in sequence. Dr Johnson replied 
a vegetable oil produced by Mycotech (MycotechCorporation, Butte, MT) where the emulsion was produced by sl-aking oilthat this could be done but that the problems lie in designing replication intime and in its analysis. Asked about statistical treatment, 

and water together, and some problems with separatict, were expcrienced.Dr Johnson Dr Lomer wanted to verify the plot size used andrecommended using time in was infermed that itthe model, for example using pre-treatment was 0.5 ha.counts and time as co-variates or analysing weekly time-points separately.
Dr Prior wanted to know what sort of co-variate should be used. Dr 

Dr Prior first expressed his gratitude to Dr Nasseh for presenting therather disappointingJohnson suggested the pre-treatment population density. Each co-variate 
results for B. bassianaand wanted to know "why it 

only loses one degree of freedom, and age and body weight can also be 
hadn't worked. Was it perhaps the temperature? Dr Nasseh indicated that 

used as co-variates and tested in the model. 
they had experie-'ced a range of temperatures from 12°C to 42"C in the 

Dr Oomen asked how we 
desert with a hu.midity between 15% away from the plant and 35% next toshould approach the problem of testing aslow acti-g agent such as a the plant. He thoughtfungus. Migration in and out of the plots occurs 

that the combination of temperature and humidity
during the incubadi,n period; how big should the plots be and 

might be a factor. Dr Prior then asked if the viability of the formulation hadcan we 
decrease the number of replicates as we increase the plot size? Dr Johnson 

been checked prior to usage and both Dr Nasseh and Dr Wilps indicated 
suggested the ri.arking and recapture that it had not.of insects to allow following theinsects and said hat a good understanding of the ecology of each grass-

Dr Oomen asked Dr Matteson how she could judge whether possible 
hopper species is essential. Migration can 

effects found in field trials were acceptable or not. Dr Matteson's reply wasbe treated as a variable, alwaysremembering that these factors were almost always political. As an example, supposingthat treatment may affect migration. It is essential toconcentrate on the individual insects and 
you found 50% of an important parastzoid killed by a pesticide, thealways maintain a rigorous problem in interpreting the effect could be, will this level of mortality causeapproach.Dr Matteson suggested time series analysis as a substitute for replica- pest resurgence or affect the crop? What losses are people willingtolerate in exchange to

tion. To do this a for the benefits of using pesticides? None of theselong period of sampling before and after treatmentrequired. Dr Johnson is decisions arc simple.agreed that replication in time can be a valuable
approach, however Dr Knausenberger asked )r Matteson whetherthe method is still controversial and should not be a most of the recentwork had been done ir recession breeding sites. Aresubstitute for replication in space in our experiments. Besides the statistical there possibilities

for several teams in different areas to support work already being done?problems there are also logical problems in treating time as a variable. How relevant is the work done soDr Cardwell indicated that it far for ecotoxicological studies ofwas necessary reto know the time x treat- mote sites which ar poorly krown but which may be imprtant breeding 
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sites? Dr Matteson replied that until now the ssumption made has beenthat we are only treating the desert so why worry? The excellent work dlone 	
for years, they all have to be tested again using 'good laboratory practice'.Dr Goettel asked why neem oil had beenby PRIFAS has shown cor.clusively that locusts need green plants to eat 	 chosen to mix with thespores, and Dr Nassehand humidity in order to breed 	 -eplied that as mixing Beauveria bassiana with- so they need the oases and wadis and 

other temporary 	 mineral oil had produced no conclusive results, they triedgreen areas. Other invertebrates and vertebrates, 	 neem oil and
including birds and other predators, also come to 	 obtained a slight mortality.these places, as do
nomads with their herds. Insecticide applications are inevitably made at 

Dr Goettel was then asked, when using commercialized spore formulaatime and place where their impact is maximized. In an environment where 
tions, how often one should return to the original strain in order not to lose 

there are irregular rainfall a.id harsh 	
any virulence? fie replied that it depends on the fungus - someconditions the native species have 	 lose theirvirulence after two culturesdevelopea strategies against harsh conditions. 	 and others reproduce a sub-cultureIn the diapause staggered 	 for years

batches of eggs can mature months or even 	
without losing virulence. It is important to deposit useful isolates in ayears apart. It is essential tounderstand the biology of species in order to assess the impact of potential 	
recognised culture collection in liquid nitrogen so that the strain is availablefor years tosolutions. With large application sites and the use 	

come. It may be important to consider the substrate as anof aeroplanes to applytreatments, the potential for contan..nating water boles or the very sensitive 
important factor in affecting the virulence of a strain.
 

environment ef 0--e desert is enormous. Dr Lomer took this opportunity to point out that all the field experi-
We must also remember that thelocust is important izi the diet of many local animals. 	
ments which had negative results using Beauveria bassiana had used theMycotech formulation which had been specifically selected for productivityD; Bateman asked wl-ether safety tests for mycoinsecticides should bedone 	 and not for virulence.on a species to species basis, to which Dr Goettel replied that he 

Dr Nasseh agreed that this was the case, but Dr 
thought testing should be examined case by case. The scientist shculd 

Goettel pointed out that results in the laboratory had been satisfactory andperhaps the answer layprovide necessary data on strain formulation 	 instead in further work on the host range. Theand the authorities should session chairman, Dr Johnson, pointed out that isolates can vary in theirdecide on the basis of these data. For example, conidia do not reproduce in
rabbit brain 	 sensitivity to ultra-violet light and this might be one of the reasons- but might they not do so ii in an oil based formulation? The 	 why the 
ramifications 	 fungus killed in the laboratory but not in the field. Dr Nasseh added thatare endless. Safety regulators themselves have to be careful,
since a poor decision could iP-.fluence their jobs, but one of the problems in 

those desert locusts in humid conditions were affected by the fungus.

Mr Fouss6ni added athis area is that they don't know much about pathogens. human dimension to the discussion, saying that 

Dr Bateman also wished to know Dr Goettel's own opinion as to how 
farmers have been battling with the locust problem for centuries and have 

regu!ation should be done and he replied that in his view low risk patho-	
been using insecticides for 50 years. When did the panel think that the 

genic species can be identified in the laboratory and then closely monitored 
farmer might be able to use this ecologically sound product? The chairman 

under controlled conditions ever a long period in the field. If there is an 	
passed the question to Dr Goettel who felt that because the technology is 

indication of an 	 so new and innovative, it is difficult to give a precise ideaeffect on mammals 	 o ht,mans then further tests will it could be very
obviously be required, but it is difficult to justify the safety testing of each 

soon or many years. There are so many hypotheses still to test, results must 
strain on mammals simply because be consistent and this is not the case at the moment where products work ineach one has a slightly different
specificity from an insect species. 	 the laboratory but not in the field. More work is needed on UV protect

ants. If a heavy concentrationDr Evans then asked whether Dr Goettel was referring to Canadian, 
of fungal spores is applied in the field it 

EPA or international regulations. Dr Goettul 
might affect insect parasites, parasitoids and predators which all fluctuatemaintained that there isturmoil in regulation everywhere. For example, in certain states in the USA 
with the pest. Natural epizootics of microbial pathogens occur very rarelyand do not occur without the right environmental conditions. If we want tothere are rules about testing from EPA, APHIS and the state to fulfill. DrEvans felt thai things were not quite so gloomy and that there 	
take a short cut to induce an epizootic artificially we have to do more thanare indica- provide sufficient infective inoculumtions that officials of the EPA and USDA in the USA are trying to improve 

to start the epizootic. There is a big
testing on a species to species basis, partly in order to save 

difference between microbial control and control by parasitoidsmoney, forexample, Bacillus thuringiensis species, the first codling moth virus from 
In reply to Mr Fouss6ni's original question Dr Prior stated that experi-

California, or the granulosis virus, 
ments on biological control of locusts have gone from unproven theory toare test cases in this area. Dr Goettelmentioned that the EPA has just recently h.: ;sted 	
proven kill within the short time of 18 months and that this canon the re-registration of 	 be consoli

every B. thuringiensisstrain. Despite the fact that they have all been in use 	
dated within the next 18 months, lie was of the opinion that the technologyshould be available after a further five years and that he would be surprised 
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if it weren't possible within that time, so maybe in seven years from now 
the product would be available to the farmer. 

Dr Johnson refet red back to Dr Goettel's comments saying that in his
opinion there was more to an epizootic than the lack of spores in the right
conditions since it hasn't yet proved possible to trigger an epizootic as such.
Dr Goettel responded that the interaction between the environment, the
biology of the insect and the inoculum was still insufficiently understood. 
Dr Johnson maintained that what was needed was a host for the sporepopulation since it seemed clear that the missing element was not a release 
of spore mass. Dr Goettel suggested that what was being done was the useof a microbial pathogen as an insectide to induce massive mortality andthat we have to iron out the problems between the laboratory and the fiid
first. Dr Johnson felt that maybe we were trying to measure something
precisely without actually knowing what that something is.

Dr Gutierrez intervened at this point to ask whether it was not 
probable that environmental factors affect pathogens on the plants and
plant pathologists have modelled these interactions, so it might be worth
surveying what has already been done. Did Dr Goettel know of any specificexamples of the effect of pathogens on population dynamics of species?
Usually insects, host plant and parasitoids were present at the same time,
but here they were not. Dr Goettel quoted E. grylli as a complex example
where attempts are being made to mod'el the epizootic. Dr Gutierrez
wanted to know whether it is possible to model the effects using rainfall 
patterns to obtain the mortality without knowing the dynamics. Would a lot
of inoculum be needed? Dr Goettel wondered whether conidia need 
humidity and if a rapid epizootic could be induced using a specific
amount of conidia, for example as in aphids. 

Section V 

Closing Session 



Discussion: precis
 

Dr Knausenberger commented that the objectives of the meeting, i.e. to
discuss achievements and future objectives, reached,have been with a
concrete development in the form of international links between locust and
grasshopper groups and he hoped that these links will grow stronger, asthere is much expertise in North America and Europe to be tapped. There
should be more work on fully involving African experts and including their
initiatives and interests in research. It is important to involve Africans in
field trials this season as GTZ and other groups, including the IITA/IIBC/
DFPV axis, are already doing. There are many people in research systems
all over the Sahel who are close to the problem and the country representa
tives should inform their people that there is a new tool on the horizon and a specific agent to be tried out this season. It is important that they identify
the colleagues who can be of most help. In talking with Mine Ba-Diallo hehad already got a list of two to three people per country who should be
involved as entomologists or pathologists. The key is involvement. There is 
a long horizon for improvement. At the :oment Metarhiziumseems to bethe most promising, but other solut.ons will come. The potential for
Beauveriais high and we are working on a strain enhancement in Canada 
and the USA. Who knows what the entomopo,, virus research in CapeVerde will produce? We have achieved and surpassed the purpose of theworkshop and he saw this programme as a viable and continuing area of 
activity and this is the message he wvuld take back to USAID. The tensions
during the workshop were helpful as there was no ill-will, rather a creative
tension which ishelpful in debates and insights from different approaches,
which i-"good. He hoped that everyone feels the same - it may be discouraging for those who are involved in this kind of activity for the firsttime. The motivation for the workshop to arrive at an alternative to 
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chemical pesticides is definitely going in the right direction, it may take us 
ten years but there may also be middle ways - the home cottage industry
for example, as with producing neem, maybe local production of Beauveria 
and Metarhizium with bran using appropriate technology to involve the 
creativity of the individual. We should maintain this decentralized activity, 
spredd knowledge and wealth and put it in the hands of the people who can 
then find their own solution to the problem. 

Dr Henry piesented some ideas on training. In order to help the 
evaluation of microbial pathogens of grasshoppers and other insects, a 
course in insect pathology is proposed which would concentrate on grass-
hoppers and locusts and would be a three month intensive course. 

It could either be held at Montana State University or in collaboration 
with IIBC/IITA in Benin. The obvious advantage to holding the course in 
Benin is that it would be less expensive, while Montana has a well estab-
lished grasshopper laboratoryI with a staff of 11 scientists, five of whom are 
grasshopper patholcists. There is also extensive literature available, 

Candidates should be of university level with a BSc or equivalent and 
the course would be taught in French and English for African and Asian 
participants. 

Syllabus:
1. 	microscopy including electron microscopy 
2. 	 histology 

3. 	abiotic diseases 
4. 	biotic diseases 

-	 bacteria 
-	 fungi 
-	 viruses-	 protozoa 

.di p zo g
-	 natural 

-	 applied 

6. 	bioassay protocol 
- laboratory 
- field - plot design 

7. 	reporting results. 

If there is enough interest a formal programme will be developed and the 
necessary funds sought. 

Dr Smit askid whether Dr I lenry thought that people educated in the 
techniques for experiments and trials would be able to do the experiments
themselves. What about the great need for equipment? Dr Henry agreed
that there was a real problem regarding equipment in many locations, but 
that for isolating and characterizing most microbial pathogens all that was
needed was a good compound microscope. His intention was not to make 

Discussion 

instant experts, but to inform and communicate. Dr Smit stated that in the 
experience of DFPV in training field and laboratory technicians with a 
medium level of education, it is necessary to train them well, even though
they are not graduates, as they are the backbone of much ar' horitative 
work in thL difficult discipline of crop protection. Dr Henry agreed that 
technicians are important but suggested that this was not an appropriate
level for Montana State University and that it might be better handled at 
local level. He also maintained that another benefit to training at a higher
level was that the trainees can then train or help to train technicians 
themselves. 

Dr Lomer wanted to put on record that insect pathology is not difficult 
and that any entomologist at the end of two months of microscope training
should know erough pathology to do field experiments. 

Dr Bani wanted the meeting to think very carefully about the African 
context, given that most African countries are poor and it is important that 
the training be given to those who will benefit most and can then pass on 
that benefit. For exampl., at the end of secondary level schooling in the 
Congo a student knows nothing about microscopes, fungi or viruses and 
would not be able to cope with training at the level described by Dr Henry,
which would then not have the desired impact. It is better to train someonewho has the right background and who can then explain and pass on his 
training to others. 

Mr Maiga agreed with Dr Bani and Dr Henry, saying that the problem 
in Africa was that there are many entomologists but no phyopatholcgisL 
or entomopathologists and that Africans have been saying this for a long
time. We are looking for some ideas to help our people. Another delegatesaid that the training service of the plant protection services was the onlyway to perpetuate the work on biological control. 

Mr Wodageneh said that all training is important and that it should begiven priority. One of the most important aspects is the proper selection of 
candidates for training - and this must be done by consultation with 
officials at national level and by interviews with potential candidates. In this 
way officials value the training and we get the proper candidates. By
building up thi- trust with officials we have a high success rate in retaining 
trainees in 'he jobs for which they were trained - 80% are still in place
after 6-7 years. The level of education must be carefully screened - manypeople of a --_!,tively low le'el of education make excellent field workers 
and tec!inicians given the proper training, but there must also be appro
priate training available to those with a higher level of education. We need 
to train more assistants than leaders. With some knowledge of entomology
and pathology and an elementary knowledge of how to use a microscope
the students can, with a little training use their sound basis to get a 
programme started. 

Dr Hterren agreed that it is essential to train at both technical and 



372 

373 
l)i.scu.Aion 


academic levels and said that in his view extension and research go hand in 
hand. He said that we need help from the national representatives because 
:his is a new area for Africa and all levels of training are needed. We must
start with academic training so that these people, once trained, can go

home and teach or do research in their own right.


Dr Smit reiterated that DFPV train technicians for nine Sahelian 

countries and they have sent questionnaires out to these countries to try to 

assess the training needs. They find that they are getting fewer and fewer
candidates a oDr
for training and need to know why this is. By July they will 

hopefully hae analysed the questionnaires. He emphasized that training

technicians is important since you soon get enough high level people but
-

Mr Gallkdou said that little had been heard about biological control by
insect predators of grasshoppers. These are important, and there are ~programmesinteresting studies of egg pod parasites, for example. Might there also beother possibilities for biological control of other pests such as the mealybug
of date palm? He mentioned that he was pleased to have come to the 
workshop and was delighted with what he had heard, as he regards the use 
of chemical insecticides as an attack on traditional lifestyles. Biological
control of locusts could improve the farmer's lot and it would be a good
thing to associate the farmer v'ith such control measures. On the whole it 

was a better outlook for the environment. 


Mr Hammond when to a
said that trying build biological control 

capacity in Africa, we must be careful to use an integrated pest control 

approach. The technicians should only have a short training since they are 
not the people who will make research decisions. Technicians have otherfunctions, are not specialized and often may not e~eu be available to do the 
work they have been trained for. There should be an emphasis on training
people with a basic university education to do a specific job. They should 
be able to handle biological control including parasites and microbial 
pathogens. Not all the available money fortraining technicians. training should be spent on 

training d tkindLehniciaffi

Dr Lomer affirmed that support was needed from the top to advare 

this type of research.
Dr Mushi remarked that plant protection experts were in short supply,

and there are no experts in biological control. His experience suggests that 
short courses can be useful for technicians. To make a breakthrough in this 
field we need people who can influcice the policy makers. Co-operation
between the USA. Europe and Africans can convince donors. At this stage
he requested that funds be made available to implement training recom-
mendations. The first priority is high level manpower development and the 
second is the training of technicians for once they are trained they can, in 
turn, train local staff. 

An American delegate said that vc must work with the existing institu-

DIiCI.Nxi, n 

tions at both levels. Advanced methodology in insect pathology can be 
given to Africans - as an example to strengthen the existing ICIPE 
programme through collaboration. 

Mr Saizonou recommended training specialists in hioiogical control 
and ecology along with technicians who will be in contact with the farmers. 
He recommended a programme which would include both extension and 
research aspects.
 

Nkouka supported Dr Herren and Mr Wodageneh, saying that anarm) cannot function with only soldiers or only generals. There are 
important human resources in Africa involved in the national programmes
and they should be clearly identified. There are many people working in 
national programmes who are not in the right places. Everyone wants to goon a course and when they return, many want to do everything except that 
whnch they learnt on the course. It is essential that the managers of national 
programes gand

go and 
oo 

look
the

at their people and give their opinions of what isr pependive the opnions of watisneeded. It is often the case that the people who go to scientific conferences 
are not scientists but administrators who cannot properly benefit by the 
experience. Africa does not start from zero thisin matter for there are 
many laboratories at national institutes of agronomy and in universities. 
We must look at the human resources - some university lecturers may
know about microbiology. We are not about to remake the world but must 
reinforce what already exists. If it is necessary then we can send people
abroad, but it does not matter where the basic techniques are acquired as 
long as they are learned and used. The research and techniques should be
 
placed in their work situation and therefore in Africa. We must check what
 
is already available.
 

Dr Lomer agreed that it was essential to identify available resources 
and this was supported by Dr Knausenberger who suggested an inventory
of manpower such as DFPV already does for the Sahel. He went on to say
that he looked to all the participants from UNDP, FAO, and IITA, for 
advice in this area. The exchanges had been very valuable indiei hsae.Teecane a theenvr aubei dis'ussingth 

of training needed and the kind of people to train and he suggestedsetting up a committee to assess the training question. He noted the efforts 
in this area of PRIFAS, IITA, and DFPV, and the strong presence of theGTZ programme in Africa. There are many experts in biological control 
using pathogens and there is a network already involved in training - Dr 
Smit, Mr Wodageneh and others, who should meet and come up with a 
strategy. 

at Dr erren recommegyed that Dr Nkouka be involved since FAO 
sponsor IITA's training UNDP/FAO programme. The consensus was that 
Drs Smit, Nkouka, Lomer and Wodageneh should meet within the next 
few days to devise a strategy with which to tackle the extensive research, 
technical and academic training needed, taking into account what is alreadyavailable. 
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Dr Lomer thanked the interpreters Claire Lord, Oscar Hounvou, and 
Carol Moudachirou, the administrative staff, especially Jacob Quaye, 
Samson Nyampong, and Leo Sossou, and the drivers, for their help in 

running the workshop. 
Dr Roberts concluded the meeting by thanking Dr Lomer and his wife 

for their part in organizing the workshop, despite their having been in 
Benin for only three months. 

a.i. 
ADV 
AGRHYMET 


AKH 

ALRC 

APHIS 
ARSEF 


BBA 


BCP 

CABI 

cc 
CDA 

CEC 

CG 
CHEF 

CIDA 
CILBA 

CILSS 

CINA 
CIRAD 

CNLA 


active ingredient 
average droplet volume 
Agronomie Hydrologie Mditorologie (CILSS) 
adipokinetic hormones 
Anti-Locust Research Centre 
Animal and Plant Health Inspection Service (USDA) 
Agricultural Research Se-,ice Collection of 
Entomopathogenic Fungi (USDA) 
Biologische Bundesanstalt filr Land- und 
Forstwirtschaft 
Biological Control Programme (IITA) 
CAB International 
corpora cardiaca 
controlled doplet application 
Commission of Furopean Communities 
Management Committee (I)FP') 
contour-clamped homogeneous electric field 
Canadian International Development Agency 
Complexe Intenationa LieLutte Biologique 
Agropolis 
Comit, Inter-Ftats pour la Lutte contre la Sccheresse 
dans le Sahel 
Centre National de luttc Antnacridienne 
Centre de Coopcration Internationale en Recherche 
Agronomique pour Ic Developpecment 
Centre National de Lutte Anti-acridicnne 
(Morocco)
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CNRS 

COPR 
CSIRO 

CSP 
DFPV 

DGIS 

DLCOEA 
DPP 
DTX 
EC 
EDTA 
ENSAM 

EPA 
FAO 
GERDAT 

GHIPM 
GTZ 

HAN 
I.U. 

IAPSC 

ICIPE 


ICTZ 
IGR 
IIBC 
IITA 
IMI 
INIA 

INRA 
INSAH 
IPARC 

IPDR 
IRLCOCSA 

Atc'. Pnvn%and abbreviations 

Centre National de la Recherche Scientifique

(Montpellier) 

Centre for Overseas Pest Research (UK)

Conmonwealth Scientific and Industrial Research 

Organization (Australia) 

Scienific and Pedagogical Committee (DFPV) 

Departenient pour la Formation en Protection des 

VWgetaus 

Netherlands 
 Directorate General for International 
Cooperation 
Desert Locust Control Organization for Eastern Afr 
Directorate for Plant Protection (Senegal) 
destruxins 
emulsifiable concentrate 

ethylenediaminetetra-acetic acid 

Ecole Nationale Supodrieure d'Agronomie de 

Montpellier 

Environmental Protection Agency 

Food and Agriculture Organization (United Nations 
Drpartement de Gestion, Recherche, Documentatio 
et Appui Technique 
Grasshopper Integrated Pest Management 
Gesellschaft ftr Technische Zusammenarbeit 
(Germany) 
heavy aromatic naphtha 
international unit 
Inter-African Phytosanitary Council (OAU) 
International Centre of Insect Physiology and 
Ecology (Kenya) 
Inter-Tropical -onvergence Zone 
Insect Growth Regulator 
International Institute of Biological Control 
International Institute of Tropical Agriculture 
International Mycological Institute 
National Institute for AgricultunI Research (Cape 
Verde) 
Institut National de la Recherche Agronomique
Sahelian Institute (Bamako) 
International Pesticide Application Research Centre 
(Imperial C liege of Science, Technology and 
Medicine, Ltrd.:) 
Institute for Practical Rural Development (Niger) 
International Red Locust Control Organization for 
Central and Southern Africa 

LD 
LGBCP 

MPV 
NDVI 
NPV 
NRI 
OAU 
OCLALAV 

ODA 
OPV 
ORSTOM 

OTA 
PAGE 
PCR 
PFGE 
PIB 
PPS 
PRIFAS 

PVP 
RAPD 
RESADOC 
RFLP 
SAS 
SDAYE 
SDS 
SNPV 
SPC 
TDRi 
TRAIS 
TSPV 

ULV 
UNDP 
USAID 
USDA 

UV 
VAD 
VMD 

Acronyms andabbreviations 

lethal dose
 
Locust and Grasshopper Biological Control
 
Programme
 
Melanolpusentomopoxvirus
 
Normalized Difference Vegetation Index
 
nuclear polyhedrosis virus
 
Natural Resources Institute (ODA)
 
Organization for African Unity
Office Centrale pour la Lutte Anti-acridienne et 
Anti-avaire 
Overseas Development Administration (UK) 
Oedaleusentomopoxvirus 
Office de la Recherche Scientifique et Technique 
Outre-Mer 
Office of Technology Assessment (US Congress) 
polyacrimide gel electrophoresis 
polymerase chain reaction 
pulsed field gel electrophoresis 
polyhedral inclusion body 
Plant Protection Service (Mali) 
Acridologie Oprationnelle - Ecoforce Internationale 
Programme de Recherche Interdisciplinaire Franais 
sur les Acridierns du Sahel 
polyvinyl pyrolidine 
randomly amplified polymorphic DNA 
Sahelian Documentation Network (INSAH) 
restriction fragment length polymorphism 
Surveillance des Acridiens du Sahel 
Sabouraud's dextrose agar with yeast extract 
sodium dodecyl sulphate 
Service Nationale de la Protection des Wgrtaux 
Surveillance des Pathog~nes des Criquets (DFPV) 
Tropical Development Research Centre 
Tropical Agriculture Information Service (NRI) 
Training Course for Crop Protection Technicians 
(DFPV) 
ultra-low volume 
United Nations Development Programme 
United States Agency for International Development 
United States Department of Agriculture 
ultra-violet 
volume average diameter 
volume mean diameter 
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potatoes 202 Schitocercaspp. 164
 
PR! 181, 182, 183, 184, 185, 186, 187, A93 Schizaphisgraminum 166
prl gene 176, 191, 193 Schouwia purpurea323, 338
 
PR2 184, 185 
 Schouwia thebaica 313, 315, 316, 321, 323, 

PR4 184 324, 325, 326,331,334, 338
 
Pronothecacoronaa coronata324, 326 scorpions 112
 

propoxpur 87, 94, 98, 134, 251 Segestidea sp. 111
 
Serratia marcescens 10, 115
protease pr) gene 176 Sitona discoideus 210
 

z 10, 2Z,29,47,1149 S i iowap17ona spp. 170
t a 1 , 28 7 1Pseudeurotium bakeri 174 	 Solenopsis spp. 126 

Pseudomonas aeruginosa 10 solid substrate fiLmentation 222 
Pyrgomorpha cognata 83, 295 sorghum 86, 97 
pyrrolizidine alkaloids 44, 48, 49 Sorghum sp. 86 

Sorosporllaap. 37, 125, 209 
southern corn blight 163 

Rastrococcus in vadens 52 sparrow-hawks 73 
raven 107 Spharagemon campestris272 
recombination 172-173 Sphecidae 112 
red locust seeNomadacrisseplemfasciata Sphex aegyptiacus 112 
release - risks 17 1- 174 Spodoptera exigua 319 
remote sensing 69 SpodopteralittoralisNPV 115 
reptiles 72, 112, 324 Stomorhina lunata 306, 109, 118 
restriction fragment length polymorphisms strain improvement 194 

195-196 Styphlomerassp. 95 
rice 86 submerged culture fermentation 220 
rice delphacid 170 sugarcane 202 

sec alFVNiaparvatalugens sugarcane spittle bug 127 

http:49.71.77.95
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summit disease 116, 211 

sunscreen 13-14 

survey methods 211 

Systoechusspp. 106, 108, 109
 

Tachinidae 113-114 

teak 88 

Tectonagrandis88 


teflubenzuron 185, 315, 316 

teleomorphs 173-174 

Tenebrionidae 108, 110 

termites 201, 202, 204-206 

Theobroma cacao80 

thrips 319 

tobacco hornworm 124 

Tomaspis saccharinq 165 

Trachydermahispida321, 324, 326, 331. 


335
 
Trachyrachyskiowa 272
 
training 31-36, 69 

Tribulus ochroleucus 324 

Tribulus spp. 313 

Trichoplusiani 187, 201 

Trichopsidea costata 107, 113
 
Trichopsidea spp. 113
 

Trogidae 110 

trombidiid 137, 138, 139, 140
 
Trombidiidae 133
 
Troxprocerus 106, 110 

Trox suberosus 110 

Troxspp. 110 

two phase systems 223 


seira-lowvolume 11 

see also UILV 


Subj-ct index 

ultra-low volume application 299
 
ultra-low volume spraying 245-248
 
ULV 11, 12
 
ULV formulations 255-261
 

Vairimorphasp. 24
 
Veens Medium 202
 
Verroniasp. 155
 
Vertalec 220
 
Verticillium albo-atrum 194
 
Verticilliumdahliae 194
 
Verticilliumlecanii 163, 186, 194, 220, 232
 
Verticillium spp. 10, 160
 
Vieta senegalensis 95
 
vine weevil 126, 189
 
virulence 162
 
viruses 28, 47, 115, 134, 280
 

wh.,czr 107
 
white stork 10
 
whitefly 220
 
Wohlfahraspp. 113
 

Xeramoeba oophaga 108, 109
 

Zacompsafesta 303
 
Zea mays 86, 193
 

see also maize
 
Zonoceruselegans 12, 165, 210
 
Zonocerusvariegalus 14, 15, 48, 52. 72, 76.
 

77,79-81, 86.87,88,91, 93, 95, 105.
106, 117, 133-140, 155, 160, 164, 175
 
Zulia entreriana 166
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