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PREFACE

The present volume is a compiation of tachnical reports of the Project ECLO/SEN/O41/NET "LOCUSTOX"
which have been issued in the years 1993 and 1994, The studies presented concem various aspects of the
environmenltal side-effects of chemical locust and grasshopper control.

Chapter 1 is an original text. Chapters 2-9 have been lssued earlier as separate reports, which were coded
as follows:

Chapter 2 : Report 83/2
Chapter 3 : Report 932
Chapter 4 . Report 93/1
Chapler5  : Report 84/1
Chapter 6 Report 838
Chapter 7 . Repont 84/2
Chapter 8 . Report 93/4
Chapter 8 . Report 83/

Both the present valumae and the reports are available in french and english versiens.

The reports of the studies carried out In 1994-1897 will ba tssued In a second volume.



CHAPTER 1 :

Environmental Effects of Chemical Locust
Control.

INTRODUCTION

Toxic chemicas are still an essential weapon in the war against locusts. Despite recant progress in non-
chemcal mathods (Lomeor & Pror 1981, CILSS 1884, Krall & Wilps 1834) insacticides provide the only
solution for largs scale infestations. The combinaticn of large scale treatments and the refatvely high
dosage requirad for effective control results in large amounts pesticides beng used (Table 1.1)

Table 1.1 Araas traated with chamical pesticidas for locust contral from lule 1232 1o the end of December 1994,
|Saurce ' FAC | 1986¢)

Courftry Trested surface
s)
Saud Asaba 1,706 822
MaurLana 010,437
Pakstan 316,679
Inda NI
Sudan 201,058
Senagal 253074
Yemen 158,650
Morecca 41,337
Eritrea 21510
Eqypt 20400
Algena 15804
Qmen 10,200
Ollwe {0 countres) 154
Tolsl 4053256

The chemicals are applind in a wide varety of landscapes. In recession areas, where the locusts are
andemic, It concamns primanly “green istands” In a barren environmant, such as wadis and around oases.
Plagues on the cther hand, which arise after the gregarization of the otherwsse solitary species. invade
all possible habdats: cultivated and irhabited areas as well as pastures, forests and wetlands. Because
of infrastructural limitations, the uss of less discriminale spraying methods, e.g. fixed wing aircraft, is
often unavoidable. Futhermore in plague emergencies axtra personnal may be employed that are poorly
trained in pasticide application, The most selective pasticides may also not be available. In arid and semi-
and zones, the areas sprayed for locusts, and where environmental effects are lixely 1o occur, are often
those wih high biological actvity because rain has fallen there They are also Ikely to be areas in which
hurman adiivily is concentrated and crop protection s imponant, The environmental risk of chemical
locust aperatiors, therefore, is a matter of infernational concern {FAO 1683, USAID 1891). For that
reason, FAO and the Sensgalese Plant Protacion Service started e progamme ("LOCUSTOX") of which
the principal oblectives are te desznbe the direct and irdirect effects caused by the tresimanis; to
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davelop methods for the prediction of hazard in the ecosystems concerned; 1o monilor operalicns; to
train scientific and fiold operations personnel and decision-makers in safe handling of pesticides and
hazard assessment respactively. In thie issue, the results are presented of the years 1691 to 1993 The
shudies carried out from 1994 to 1996 wil be published in a following ssue.

Cther similar studies have baen carmed out by South Afiican (Stewsart ef al. 1985), American (Dynamac
198830 | Kelth 1992). German (Miller 1888), Norwegian (Ottesen ef a/ 1689, 1990), French (Batanga
& De Visscher 1952 Rachadl et al. 1895) and Ethioplan (Muinamia & Megenasa 1985) research teams.
Compared to these studies which have all been exclusively field-based, LOCUSTOX is the only one
which involvec both field and laboratory studies and which includes aquatc studies.

In focust control there are facters that mitigate the nisk of environmental side-effects. Most communities
of organisms In and zones are adapted to highly vanable physical conditions (Bourfigre 1983, Pois 1991)
and may therefore exhibit @ remarkable resilience to disturbance. The fact that locust Interventons are
rarcly repeated a! the same place over consecutlve seasons enhances the chance of recovery from
damage, previded unaffected sources for recolonisation (refugia or non affected dormant stages) are
availabie. High UV radiation and elevated temperatures also accelerate degradation of the pesticides
used Despie the limited training possibilities n an emargency situaton, the more regular treatments
especially in recession areas are carriod out by professionals who are well aware of the risks involved.



RISK ASSESSMENT

The pesicides discussed in this paper are 1o those which have been judged effective against locusts a

a given field dose by an independent expert panel which advises FAO (Pesticide Referee Group, FAO.
16853a).

The hypothetical nazard of the pesicides used in locust control can be derived through vanous moedels
We summarize toxcity data available from the literature in Table 1.2. (With the exception of human
hazard, the scaling used do not represent an internationally adopled classification). These data from
laboratory based studies clearly indicate a genaral potential hazard for aquatic invertebrates. Fenitrothion
is specifically toxic to bees and may also represent a hazard to birds, as is the case with bendiocard
Chlorpyrifos and lambdacyhalothrin show the highest fish toxicity. On the other hand, the low venabrate
toxicity of diflubenzuron is stiking. We will discuss belcw the toxic efiects in these risk groups 2s
observed under field conditions.

Table 1.2 Indicatve classification of inseclicides ussd for iocust comral™
Humans - 0 > Nan-azrdous’, 1« Sty Hazardous. 2 = Moderately Mazardous, (lofowog IPCSWHO
classifcaton Class IV:1l) Otwers” D = Vieey Sightty Texic, 1 = Shghtly Towe, 2 = Moderaltly Toxe, 3 = Highly
Tou, 4 = Extremedy Tooc iclassificaton accordng to Camton ef & (1891)

- = naufficient data
Pesticde Clrassificabion
fran burds feh HAUNHE I vnabIaG ous
marmats
DEndocan: s 4 2 4 3
chiorpyrifos 2 2 34 a4 2
deftarmelbain ! a1 3 4 b4
fenitranton 2 3 2 e £}
ambdacyhalothvin \ 1 4 o
malgthian 1 12 3 Ya Na
tif lubenzuron J 1) 0 - o

* = formuatad product, * = lechmcal produt

' These pesticioes hive besn racoqned by FAD 10 De eifective against locusts & specific fled dose rales
¥ Undlkedy 1o produce non-destred offest on humin haalh whan Lsad accordng o 9ood agnouturl practcs

Human exposure

There are three principal human risk groups: the personnel handiing the pesticides, persons exposad
to the treatments and the consumers of contaminated food products. In locust control. the first is the
most mpodant. As eady as 1876 the exposure of spray team members has been assessad by MacCuayg
(1975) and recent studies have been carnec out in Senegal. Togc effecis were monitored in operators
of vehicie mounied dedces (ULVA mas: and arbiast-cannons). The latter was found the most hazardous
device bor operators, even those raned in the safe handling of pesticdes. (The delails of this study will
be publshed elsewhere). By comparson, ground teams for aonial operasons appeared 1o work wih
ulmost care, whenever witnessed by us,

For the second nsk group, | 8. nhabdants or passersby in areas that are trezted by @r. a hazard may be
present when they are directly exposed 10 spray



If we estimala the relative dsk for this group, using only dermal toxicity data (Walker & Keith 1834 Tomin
1694) and tsking the field dose info account, we may conclude that pyrethroids and difivbenzuron
present 2 low risk but carbamates and organophosphates score highar.

Contaminaied crops represent a nisk to corsumers. Aithough subject to rapid degradation, the residucs
may be unacceplably high shortly after spraying (Chapter 9)

During the campaings of 1388-1995 in Senegal and Mauritania, no cases of posoning of inhabitants
have been reported despile the fact that in both countnes substantial amounts of the higher rankicg
compounds have been usad This 1s probably due to twa factors: inhabitants are wamed by radio not to
eniel the eatment Zones and pliols take care not tc overspray Inhabitants (Source : Plant Pretection
Services and local press)

Animal husbandry

There ara two risk groups in domestic animals those dirsclly exposad to 8 spray and those feeding on
contaminated vegetation or fodder. Very often, herds are not removad from areas to be sprayed, even
after extensive warning The dosages 10 which the animals are maximally exposed may pose a hazard
(ref: human exposure), Contamination of forage grass or fodder of fenitrothion and diflubanzuren may
gwve fisa jo withdrawal pesiods of over two weeks (Chapter 9). Alhough complaints occasionally reach
the authorities after lrealmants, no proven cases of intoxication of grazing anmais have been reportea,
the reported symptorms (aborbons) not being attributable to the pesticdes usad (This ohearvation is
imited to Senegal and Mauritania. over the period 1888-1995. Source : veterinary services)

Wildite

Aquatic fauna

Although most operators (both aerial sprayers and ground teams) avoid spraying open water as much
as possible. the risk of contamination is real, end is substantiated by reports on fish kills (Lahr pers.
comm.). Fish kills are likely to be raported, although they reflect often the less sensitive part of the
aquatic fauna (Table 2) Most sensitive i the nvertebrate community: crustaceans and insects.
Expeiimental treatments have damonstrated a devastating effects i these groups (Chapter 2; Lahr &
Banister, n prass). The nsk of unaccentable damage largely depends on the type of water, Three main
types have ta be considersd. temporary pools, perennial standing watar, and running watars,

The fauna of temporary pools consists of argansms with a rapd fifecycle (mostly crustaceans), of
immigrants (flying insects) and of @ few vertebrales with 2 dormant stage in the dry period {toads,
tortoises and (rarely) lungfish), Side-effects of locust treatments on nvertebrates have been presented
in Chapter 2 and Lahr ef al. (1285) in sxperiments with fenltrothion, diflubenzuron, deftamethnn and
bendiocarb, The primary concern for these walters is the risk of wiping out dormant or active stages of
sedentary arganisms, resufting In long-term discupbon of the population, Despite some devastating acute
effects, long-term effacts have not besn demaonstrated. The latter obesrvation may be expiained by the
fact that the populafions concamed are adapted to erratic physical conditions. For instance. durng the
el season, only part of a population may hatch or become active, consenving another part for a later
opporiunity. This stratagy of risk spreading is knawn for many (semi-) anid zone spacies (Polis 1891).

In perennial stagnant waters often the presance of fish implicates an entirely different invartebrate
commundy. Tests carmiad out in these waters (Lahr & Banister n press) demonstrated a certain risk for
small fish species, added to effects on invertebrates. Of the recommended insecicides tested, i e,
feniliothion, chlorpyrifos and difiubenzuren only chlarpyrifos proved tokc to fish.

Running waters generally harbour not only a rich fish fauna but also larger crustaceans, specfically
shrimpe, some of which may be of economic importance. Shrimps are known to be sensilive 1r



irsectickles, in partcular to pyrethrods (Hill 1989, Everts 1883). Lahr & Banister (in press) demonslrated
that \wo common Sabelian species (i.€. Paleemonetes aficanus and Caridina alricana) are also at risk
after treatments of fentrothion and chierpynios. Running water, however, is unlikely to be contaminated
by locust treatments 10 an extent that the sunvival of populations is at rsk. Locust treatments take place
mostly In the wet season when watess are high, thus eliminating the risk of wiping out ramnant
communities in dry season pools (an important resenvoir for recolonisation of the lotic fauna).

The field research referred to above, has been restricted to Senegal. Superficial obsarvations were
made during monkoring missions in Mauritania in 1995 (Diallo pers. comm ). No data ere avadable from
cther counties, It is. therefore, difficult 1o estimate tha risk of aquatic side effects of campaigns in the
whole invasion area. The data allow us o compare the risk of pesticides and, to a limited extent,
extrapolate 1o a2 given stuation outside Senegal, because the species at sk occupy In general a large
geographical range over the semi-and area of sub-saharan Africa, north of the equator.

Birds

Birds are at rsk In areas treated against locusts (Mulké & Keith 1893). The effects, however, are
generally limited to individual cases of poisoning, rather than affecting populations. In many cases no
effects were observed at all (Dynamac 1888a b, Balanga & De Visscher 1952, Keith 1992), although the
methodalogy of these studies does not exclude false negstives. The risk for birds includes both diract
intowication and food deprivation, Exposure to the epray is supposed to be hazardous when toxic amounts
are ingested through preaning (Driver ef al. 1991). Uptake of contaminated foed is another Important risk
factor: debilitatec or dead insects are an easy prey. Although not quantitatively proven, this route of
axpostre is conskdered most important. Lasting effects on bird populations have yet to be demenstrated.
¥ has been supgested that the decline of white stork Ciconia ciconia in western Europe since the 1850s
may be related to locust operations depriving migrant stork of an important source of food (Gorup &
Schultz 1891), but the data presented do not support this conclusion (Mullié ef al. in press).

Reptiles and amphibians

Although reptiles and amphibians piay a key roe in and ecosyslems (Cloudsley-Thompson 1981, Vilt
19891) studies including these taxa are rare. Stewart of al. (1995) studied the effect of deRamethrin on
the activity of two lacerlid species, He related the absence of an effect partly to the fact that sprays are
usually applied during the hours of inactivity of the izards. Direct towic effects are unlikaly to occur. On
a few occasions, fadpoles exposed to experimantal sprays did not appear sensilive (Lahr pers, comm.).
Posoning through uptake of contaminated food (the vast majority of species are nsectivorous and/or
carrion eaters) is a riek factor which has yet to be studied. The lack of information on this group is a
sefious omission which will be addressed in the near future (FAO 18€5b).

Mammals

The insecticides used m locust control have been selected for low mammalian toxicity (Table 2). Side-
effects, If any, are to be expected among the Insectivores. Only in rodents have indications of toxicity
bean demonstrated (Keith 1982). The hazard 1o grazers, including animal husbandry, has been
thscussed above,

Terrestrial invertebrates

Insectickdes are meant tn kill insects though preferably only the target species. Speciic aciidicides have
not yet baen developed. The relatively high dosages of insecticides required for locust control represant
a high potential risk for non-target insects. This has been confirmed in all field studies carried out thus
far (Chapters 3 to 7, Milller 1988, Ottesen 19880, Dynamac 1983a b, Keith 1982, Everts 1880, Muimania
& Megenasa 1995, Rachadi ef al 1995) Nevertheless, there is a sharp differentiation between the
various pesticiles with respect 1o the taca and, more impertant. the functional grougs that ars affected.
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The functional groups we are primarily iInteérested ir are - pellinators. natural enamies of locusts and
cther pests, and insects essential for mantaining soll functions

Pollinators

In the mest elaborate bee study carned outin relation with locust control. Kekth (1982] showed thal bees
can be senously affected by malathion Dichlorvos, tested in the same study, did not have this effect (it
shculd be noted that both pesticides were strongly underdosed) Van des Valk (1880) found a 95%
reduction in halictd bees after an experimental treatment with chlorpyrifos, applied at 160% of the
recommended dose

Antagonists of pest species

Of all side-effects, those on the natusal enemies of pest species have most extensively been studied
(Chapters 2 to 7, Maller 1886, Ottesen 1890, Dynamac 1988a,b. Keith 1282, Everts 1880) In most
cases, effects were describad on family or order level, showing strong indications for potential 7isk (o
banedcial speces. Serous effects are observed on species, which sometimes correlate with the upsurge
of secondary pests (Chapter 3 Kamara & van der Vaik 1885). The latter authors also demonstrated a
striking difference in these effects between various recommendad insecticides (Table 4)

Soil invertebrates

Ants and termites are essential for the productivity of tropical and semi-arid soils {Pelis 1891), In many
places tr=e growtn i directly related to termite actwity, ading root penetraticn and transporting organic
material inte the subsoll, Side-effects on ants have been observed by various awthors (Kaith 1292,
Ottesen & Semme 1690, van der Valk 1850), malathion and fentrothion being especially harmful. The
faw observations made on termites indicate a hazard of the latter hsecticide 1o this group as well (Everts
1990, van der Valk pers comm ).

Key Soil Processes

Studies on key sail processes sueh as respiration (Muller 1888, Grant 1890), nitrification and chicrophyi!l
production (both by Grant 1980) showed only marginal disturbances. even at high dosages. The
Insecbcides tested (i e fentrothion, chiorpyrifos. diflubenzuren and deltamethrin) may be considered not
harmiul for key soil processes, under the given circumstances



SUMMARY OF RESULTS

In Table 1.2 we summarize the side-effects of chemical locust control presented in this paper. Of this
summary and the literature reviewed above, a number of conclusions can be drawn,

All current msecticides present a risk to non-target organisms,

The groups of organisms at rigk differ for each nsecicide.

Long-term effects are rare and, as far as known, limited to disturbances of inter-species
relationships within insect communitas.

Tenestrial vertebrates are at risk as indviduals but the survival of populations does not
seem to be threatened,

Fish are at risk when chlorpyrifos is used near open water,

Aquatic nvertebrates are senstive to all recommended locust

Temestrial nvertebrates are at risk in all cases, sometimes leading to undukod offects
{i.e. upsurges of secondary pests).

NOO A wN-



Table 1.3 : Relative hazard to non-arget crganisms of pesticides used forlocust conrol

+ = glect chsanad'slighty tows | ++ = sirong effect cbservednighly tonic ; bold = obsarved in feld ang laboratory
experiments |

- = no effect observed/ron-todc | blank = no observation . widedined = nor-experimental field cbsenetion |

nermal pent = observed in githee fild or laboratory expanimants.

Neo-target Group or Spacias Fenifrothion  Chiorpyrifos Bandiocarh  Dela- Diflo- Malzthion
medhin BESRUION

Birds . .
Fish : ‘.
Aquatic Invertabratas

Zoopiankicn

Cladocarans a3 . . . L
[waler Neas)

Copepods - - - - -
Qstracods < - = 2 -
(Bued

shrmp)

Macrocrustaceans

i*

Ancstraca . . +e L .
(fairy snrimp)

Decapoca e ..
{shrimp)

Hemiplerans {water
DUGA|

Notonestics +4 - - +e . +
(bacicawim-
mars)
Corios ‘. . - -
(waertoat
men)
Gemdae ‘e . + - 2
(waer
sinders)
Calsoptarsns
Oytuscidae e " - - .

vaphlndu ++ - .-




Table 1,3 : (continued)

Non-taipal Group or speces

Fantrcthn

Chicipyrfos  Bendiocab

!

melhnn

Oeflu- Malathian
benzuron

Termrestrial Invertehiratas

Grasshopper
499G pode,
natural
momalty
Coraoplarans

Terabronits

Hymenaplerans

Ienngume-

Benelicial Dipterans
Termbes

Mikat
Headmee
(resurgence)

++

-

"

-
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ECOSYSTEMS AT RISK ?

In order to appraise the risk posed by chemical locust control to the ecosystems in the invasion ares, we
shouid compare the scale and intensty of treatments fo the surface area covered by the ecosystems or
communities concemed. It Is clear that locally treatments may have a deleterious effect, specifically on
invertebrates. sometimes resulting in long-lasting disturbances in numerical relationships. However
senous these effects may be, they are often characterized by their imited scale when compared to the
sze of the ecosystem concemed. For example, in the desert the majority of wadis in a cartain area may
be treated and, thus, damaged. However, not all wadi's in the invasion area are likely to be treated. In
an extremely serious upsurge not more than an estimated 10 % of the productive (green) area is
infasted. Recovery will always occur, albelt in some cases siowly.

This holds for the terrestnal and for ilemporary aquatic communities, Perennial aquatic communities in
arid areas, on the cther hand, may harbour entirely isolated relict populations (e.g. aquatc tortolses in
oases). Local extinction in these cases could affect biodiversy in the Desert Locust arsa. Fortuniately,
this rsk s imeted, Local operators are in most cases very well aware of the risk of contaminating open
waters. Open water is drinking water and s contamination may have serious consequences for local
autherities. In the few reporned cases of serious contamination, foreign applicators were involved. It is,
therefore, essental that the selection of spray companies by donors be based on quality rather than cost,

Althcugh recent research has revealed some of the nazards related to chemical locust control the larger
parn of potentiai risk is a8l unknown. We know for instance virtually nothing about the risk to reptiles and
insactvorous mammals, The maechansms of observed disturbed interspecies Interactions in invertebrate
communities are unknown, which hinders exdrapolaton to other situations. We know that ants are at risk.
We do not know however, which species are affectad and mora important, the acosystem
consequences of a lemperary decrease in activity. Furthermore, in respact of resilience of communibes,
we stil refer to qualitative ¢r phenomenalogical cbservations, Unless the underlying processes have
been studiad, recovery rates cannot be predicled and the faclor “recovery” cannot be used for nsk
assessment.

Wherever insectoxdes are usad, humans are at nsk. Tha most mportant risk group, the persons handling
the chemicals, can be rained and provded with protective materia! at low cost. Nevertheless negligence
remains @ provlem and consegquently contamination and acadents will sometmes occur.
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CONCLUSION

In the absence of selective acndicides. chemical control of locust still presents 2 hazard to human health
and the environment. The risk of undesired side-efiacts can be miigated by a proper choice of pesticides
applied under specific circumstances (e.g. near open water, in cultivated and inhabitad aress, or over
uninhabited rangeland). Guidelines for such a differential use shouid be based on thorough risk
assessment using data from Iterature combined with the field data reviewed In this paper. Furthermore,
in the fieid, the hazard can be much reduced by more judicious spraying, ie. treating only when
economically justified and achering strictly to the recommended dosages. This can only be achieved by
proper training of decision-makers and operators, combined with monioring of field operations.
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CHAPTER 2:
Effects of experimental locust control with
fenitrothion and diflubenzuron on the aquatic
invertebrate
fauna of temporary ponds in central Senegal
SUMMARY

Sadeen temperary pands n the area around Nworo du Rip in the semi-and zone of central Senegal were
selected for investigations on the side-effecls of pesticides used in Desert Locust confral. They were
monitored during two consecutive rainy seasons in 1981 and 1892

In September 1981 five ponds were treaied wih the Insect Growth Regulator difiubenzuron, & benzoy-
urea, at the suggested dosage against hopper bands. Five others were treated with the
organophosphate fenitrothion, used for both hopper and swarm control, while the six remaining
unireated ponds served as controls

The average applied dosages for diffubenzuron and fenitrothion were 75 and 506 g a.i/ha respactively.
Initial average concentrations of the products In the aqueous phasa of the water were 10 ug/i for
difubenzuron and 80 pg/l for fenitrathon. Dissolved diflubenzuron was no longer detectable after 24
hours. Fenitrothion was more persistent in the waler with an average haif-le of 43 hours.

Diflubenzuron had a significant effect on poputations of the branchiopods Streplocephalus spp.
(Anostraca) and Diaphanosoma sp. (Cladocera) Both spacies were virtually eradcated and did not
recover befora dessication of the ponds in December 1991, However, they reappeared In the rainy
season of 1992, A calanoid copeped, Paradiapfornus rex, considerably increased in nurmber following
the diflubenzuron treatments, possibly due to the elimination of the branchiopods. Other species of
Cladocera, Copepoda, Ostraceda and different aquatic insects were not signficantly affected.

Among the different crustaceans. only the cladoceran Diaphanosoma sp., was significantly redguced by
fenitrothion, but the populatons recovered after one month, Paradiapfomus rex also increased in
number after these treatments. On the other hand, fenitrethdon had @ much mere negative Impact on
aquatic Insects, notably Hemiptara and Coleoptera. Many of these species were found dead floating on
the surface of the ponds shortly after the applications. The very numarous Anisops species (Hemiptera,
Notonectidae) recovered quickly (after one and three weeks for adulls and nymphs réspectvaly),
probably by migration of flying adulte from nearby untreated water bodies. Other affected. but less
numerous species also reappearad after one to several weeks

The possible ecological consequences of the impact of diflubenzuron and fenitrotraon an temporary
ponds are discussad and recommendations are given for the use of both products in Desert Locust
control, improverntents of the expenmental methods usad in this study, and possibidites for Tuure
research
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INTRODUCTION

Chemical locust and grasshopper control and the aquatic environment

Chemical locust and grasshopper control in West Africa takes place in arid and semi-arid areas. Control
of the Desert Locust Schisfocerca gregaria is carried out during recessions in the northern parts of this
region, i.e. the Sghara deser, while in the case of a large outbreak treatments of swarms also take place
i the Maghreb countnes and the Sahel zone. Although large outbreaks occur irregularly, the areas treated
and the amount of pesticikdes applied are considerable (Everts, 1990). Control of grasshopper species such
as Oedaleus senegaiensis is much mare common and regular, especially n the Sahel region during the
rainy season. Bolh groups can be treated with the same pesticides, but dose rates are usually higher for
locust control than for grasshopper control. The progucts used Inciude organophosphates, carbamates.
pyrethroids and mixtures of these different compounds. The Food and Agricultural Organization of the
United Naticns (FAO, 1992) supplies a list of products and their advised dose rates to control Desert Locust.
For grasshopper control indicative dosages are regularly updated by the "Organisation Commune de Lutte
Antiacridienne et Anti-aviaire® (OCLALAV), prescribed by pesticide manufacturers or determined by the
users themselves (e.). the countries involved). Research on biological control alternatives is currently being
carried out, but it seems unlikely that these methods could be used in the near future.

In ary environments such as the Sahara desert and the Sahel region the availability of water is of the utmost
importance. Vanous types of waterbodies are usad for transport, fishing, irrigaton and as a source of
drinking water for the population and their livestock. These aquatic habitats alsc aftract a great deal of
wildlife. Many wetlands in the region are considerad to have a global importance (as nature preserves),
espeacially for waterbirds.

Aquatic environments are never targeted purposely during locust and grasshopper control. However, when
control measures take place in the vicinity of open waters there are several ways that contamination could
occur, Larger waterbodies such as lakes, rivers, floodplains and estuaries might be exposed to downwind
drift. In areas where lots of smaller waters are abundani, such as marshes, irgation systems and small
ponds, large scale operations might not be able to distinguish between the dry and wet parts of the target
zone. There is a risk of direct deposition, especially in the rainy season when small temporary ponde are
abundant in the savannah or cultivated areas and are senally sprayed. Since aerial freatments are
performed at @ hgh spead over large surfaces It is vintually impossible for a pdot to locate ponds in advance
or to memupt the reatment when one & spotied ahead on the spray track. Another source of contamination
of aquabic habitats by insecticides is the washing of application equipment in nearby waters, unfortunately
still a rather common practice.

In general, aguatic crgansms are very sensitive to insecticides. Although the actual aquatic surface area
& small compared to the terresirial environment, the effects of contamination can be more disastrous.

The 1989 LOCUSTOX pilot study

In 1989 the United Nations Food and Agncustural Organization (FAC) carried out a pilot study (Phase 1) near
Richard-Toll in the and zone of northern Senegal. A preliminary investigation of the environmantal impact
of chemical locust and grasshopper control was made by teams representing many disciplines, including
aquatc biology (Everts, 1990).

Large imgation ressrvoirs recevad expenmental aerial applications with the organophosphates chiorpyrifos
and fenitrothion and with the insect growth regulator (IGR) diffubenzuron. The impact on aquabic
nvertebrates and fish were reporied by Lahr (1990) and Banister (1990). Chlorpyrifos and fenitrothion had
a significant harmful effect on two speces of shimp and some aquatic insects. Chiorpyrifos also eradicated
one small species of fish. Effects on zooplankton seemed much |ess severe for these two compounds,
Oiflubenzuron, on the contrary, did not seem to affect macivinvertebrate populations or fish, but indications
were obtained of affects on groupe of zooplankton.
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The current study

As & result of the evidence found during the pdot study, 8 consecutive thrae yoar phase of the project,
financed by the Netherfands, was implemented by FAO and the Senegalese government in the beginning
of 1991, By then the pregram had become known as the “LOCUSTOX" project. The project s based at the
headquarters of the counterpart organization, the Senegaless Crop Protection Ditectorate (DPV) in the
capital Dakar, but fiald studies are cartied out at different locations in the country during the annual rainy
season, The project currently includes a unit for aquatic ecotodeological research which conducts principaily
nvertebrate studes,

It was decided In 1991 to focus further research on & different type of aquatic envronmenl: temporary of
sphemeral ponds. These are abundant throughout the Sahel region dunng the rainy season detween July
and Novamber, but dessicate in the early dry season. Il was already mentioned that small ponds like these
are likely to be hit by aerial reatments in the case of large scale operations against Desert Locust.
Unforunately these ponds have never been studied well in the past and very litle background information
is available on 1he biology, the ecology and the function of these ecosysiems.

The 1991 and 1902 field atudy had the following cbjectves:

- identification of a suitable shudy ares,

- measurements of invertebrate population densities during a pre-treatment period,

- experimental treatments with insectcdes in several ponds including sufficient spatial
repettions,

- estimation of acute effects in the field by means of i sifu boassays with a suflable
invertebrate and post-ireatments searches for possible Victims,

- measurement of residues of the applied insecticides and their parsistence in the water,

- measurement of posi-treatment densties of invertebrate popuiations to study possible
longer term effects and the recovery rate, and

- accumulation of biological and ecological information on temporary pond ecosystems.

A suitable study area was found in the region of Nioro du Rip in the Sudano-Sahelian zone between Kaolack
and the Gambéan bordar. The rainy season in this area is more pronounced and prolonged than in the drier
northemn parts of the country, and therefore # presents better opportunities for detailed field research, The
availability of a DPV field base and housing for the personnel was also an important consideration.

In the 1981 rainy season experimental treatments were carried out with fenirothion and difiubenzuron.
Fenlitrothion & the most commonly applied product for chemical control of locusts and grasshoppers in the
Sahel. It i3 also used against many other pests in different crops. Diflubenzuron seems a sultable and

less environmentally harmtul insecticide to replace the intemationally banned dieldrn in hopper
band control, Both products had also been tested In the 1989 pilot study.

The 1992 rainy season was used for ecological and recovery studies in the same ponds. Although there will
be occasional referances to our ecological data, this report will only deal with the study of side-effects. An
analysis of biological and ecological data from the ponds will be published separataly.
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STUDY AREA, MATERIAL AND METHODS

Study area

Nioro du Rip (13°45N, 15°48W) is situated In the center of a vast cullivated region in Senegal's “groundnut
belt”. Serer and Wolof farmers rely for their income on rainfed cultivation of peanuls. milet, malze, sorghum
and watermelons, while Pular shepherds herd their catile throughout the area. Bushes and uncutivated
fields are scattered between the many fislds and smal villages. The landscape is very slightly sioping with
higher grounds and degressions varying in size. The soil is usually sandy at the highar open parts, but in the
depressions it is comprised of a very fine brown-red clay that turns into a thick and sticky mud after only the
slightest rain.

Rain can be abundam from June unti November, but the bulk usually falls in August, September and
October. Rainfall is never very regular and drier periods altarnate with rainy periods during this season,

tis In the depressions and flat parts of the region that temporary ponds can be found, Water is abundant
dunng and shoetly after the rainy season. In the carly dry season all water evaporates and what remains are
shallow bowt-shaped depressions filled with dried mud, Shrubs and taller trees provide some shade at the
sides of the ponds during the rainy season when the vegetation is green, Most of the studed peods were
situated at some distance from fields The aquatic vegatation in and surrounding the ponds is scarce,
probably because of the temporary nature of the habitat. Howsver, a few of the studiad pends developed
a rich floating vegetation. Submerged waterplants were occasionaly found. Several of the ponds became
wholly or partly covered with duckweeds of the genus Lemna after there had been water in them for some
time. The effects this duckweed layer had on the abundance of some aquatic species will later be discussed
in more detail. An iwentory of the aquatic vegetation in temporary ponds in eastern Senegal can be found
in Van den Berghen (1990).

After two weeks of surveys in the area sixteen ponds were selected for the study. Figure 2.1 shows their
position, name and experimental number. The chosen ponds were large enough to prevent them from
drying out during drier periods in the rainy season. They ranged in size between approximately 0.2 and 1
ha at the ime of the pesticide treatments in mid-September,

Meteorology

During the field studies of 1991 and 1992 weather data were obtained from the meteorological station of
the Senegalese Ministery of Rural Development and Hydrology (MORH) in Nioro du Rip. Dadly observations
included rainfall, evaporation, relative air humidity and temperatures. However, it must be taken into
consideration that data such as ranfall can vary considerably from one location to another in the study area.

Physical and chemical water parameters

The physical and chemical properties of the ponds were monitored every time biological sampies were
taken, However, on many occasions data were not available because of problems with the availabiity of
aquipment or malfunctions.

Water temperatures were measured with the devices on the pH-meter, the oxymeter or with a thermometer
(accuracy 0.1°C),

In each pond one specific site was marked. On these sites the fluciustions of the water level were measured
(1891 only).

Visibility through the water was assessed with a Secchi disk. Data are available for Iate 1891 and all of the
1692 sampiing cycle,
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During the latter part of the 1992 field sludy @ portable meter became available for water conductivity
measurements.

The acidity of the surface water was usually measured with a portable pH-meter in the field, but on some
occasions water samples were taken to he fiekd station and analyzed on the same day with a laboratory
pH-meter

Dessolved oxygen (concentration and percentage saturation) was analyzed on sile with portable O,-meters,

The portable pH- and O.-meters that were available during the early field work In 1991 started o
malfunction after some 8me and had to be replaced. Therefore pH and O, data were not collected for sama
of the 1991 sampling period.

Pesticlde treatments

Six of the selected ponds were chosen as controls and were not treated, Five ponds ware sprayed on 15
September 1891 with the IGR diflubenzuron at a nominal dose rate of 60 g al./ha and five others on 17
September 1981 with the organophosphate fenitrathion at 450 g a/ha. Ponds that were treated with the
same pestidde were evenly dsiributed among different parts of the study ares. In 1882 no treatments took
place.

The formulated products used were Dimilin® 450 ODC (an ol dispersable concentrato of 450 g a.i/
diflubenzuron, manufacturer Duphar) and Sumithion® 500 ULV (an ultra low volume formulation of 500 g
a.lA fenitrothion, manufacturer Sumitomo). Dirmilin was diluted in diesel fuel prior to the treatments at a ratio
of 1:6.5. The concentration of the applied formulation therefore was 80 g 2./,

The products were applied with a portable Micro-ULVA® rotary atomizer. according 1o the drift spray
tschmique used in locust control recommended by the FAC (1992) The applicator kept the atomizer 1 m
above the water surface and proceaded through the water at a speed of approximately 30 m/min. Swath
widths varied between 17.5 and 18.0 m for fenitrothion treatments and between 9 and 18 m for
difiubenzuron treatments. The rotaton speed of the atornizer disk was approximately 7,000 r.p.m. and the
droplet size 70-90 pm,

Residue sampling and analysis

Surface water sampies of each treated pond for the analysis of pesticikde residues ware taken 1, 24 and 72
hours and 1 week after he treatments n the diflubenzuron pends and after 1, 24 and 48 hours and 1 week
n the fenitrothion ponds. Five subsamples of the surface water, taken at equal distances of 10 m from the
center of the ponds, were mixed in a bucket. From these mixtures a 1 Mer sample was taken, transferred
to the fleld station and preserved with acid. Purificaton, exraction and analyses by GLC (fenitrothion) and
HPLC (diflubenzuron) were done at the DPV analytical laboratory and at GTZ in Darmstadt, Germany.
Methods and materials are described by Gadjl in chapler 8.

In situ bioassays and collection of victims

In situ bioassays were carried out with one of the most abundant macroinvertebrates in the ponds:
Streptocephalus spp. (Branchiopoda, Anostraca), For these 10s!s anostracans, captured on the spot, were
transfarad to floating cages made of stiff mosquito netting (length x width 20 x 20 cm, height 40 em, mesh
width 1 mm). Ten specimens were put in sach cage Per pond five cages wera connected to each other at
distances of 1 m. The number of sunivors in all of the connacted cages was counted after 24 hours. Contral
bloassays o assess handling and cage mortalty in the pands that had to be treated were carried cut before
treatment from 7 to 8 September. On spray-days tests were started one hour before treatment

One hour and 24 howrs after each treatment the waler surface and the sides of each pond were searched
thoroughly for approxmately one haif hour. Any deed and floating macroinvertebrates were collected and
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taken to the field station for identification.

Biological sampling procedures

For this study it was not necessary to make reliable esbmates of the absolute numbers of aquatic organisme
in the ponds. Ecctoxicological field studies often consider relative changes in time rather than absolute
abundances. All parameters deecribed below therefore only serve &s suitable measures 10 Investigate
changes in relative abundance of different species in fime.

All biological samples were laken in the centar of the ponds to avoild possible interference with surrounding
aquatic and terrestrial vegetation, No investigation was made of the epifytical fauna (the aquatic fauna
around water plants).

Pelagic (ree-swimming) macrolnvertebrates were sampled with a circutar scoop-net (diameter 35 cm, mesh
width 1mm). One or more swaths of 10 m, dependent on the species abundance, were made with the upper
part of the net appeoximately 5 cm below the water surface. One 10 m swath Is equal to a sample of 1 m*
water. \When vary low water levels occurred, samples were taken with the net partly submerged and the
number of animals captured was extrapolated to 1 m’. Captured specimens were put into boltles containing
a 5% fermaikdehyds sclution in the field for preservation. They were stored this way at the fleld station unti
the end of thea rainy season. Prior to identification and counting, different groups of animais were separated
and transferred into 70% ethanol.

Zooplankton samples were collected in the same way as pelagic macroinvertebrate samples, except a
20aplankion net (diameter 28 cm, mesh width 250 um) was used for this purpose. Samples of 10 m length
correspond with 0,62 m?® surface watar. All zooplankton were preserved in a 5% formol soluton

The inbenthic (iving m the sediment) and epibenthic (ving on the sediment) macrolnvenebrate fauna waes
sampled with 8 square scoop-net (32x32 cm, mesh width 1 mm) by dragging It through the top layer of the
sediment (depth approximately. 5 cm). Depending on the densities of the benthic fauna, especally
chironomid larvae, different swath lengths were used. Clay was washed out of the net and animals were
collected in the field from the remaining detritus. A sample of 10 m comresponds with 1 m® of water above
the sediment and 3.2 m® of sediment surface layer, Animal samples were preserved in the same way as
the pelagic samples.

The different assessment methods are shown In Figure 2.2.
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All densities of zcopiankton and pelagic and eplbenthic fauna presented in this report are expressed as
numbers/m®. Numbers of inbenthic fauna (chironomid larvae) will be expressed as numbers perm’.

In order to Improve the companson between samples from each pond taken at different dates, sampling
rounds from pond 10 pond were always undertasen in the same order. Consequently, &ll samplss from the
same pond were laken approximately at the same time of the day.

Biological samping took place at b-weekly (pelagic fauna and zooplankton) or weekly (sediment) intervals
in each of the pends during pan of August. Septembet and most of October of 1981 Two sampling rounds
were undenaken in November 'G1. but by then many of the ponds were drying out. The results of these last
wo samples will not be taken into account In this study bocause differant stages in the process of
dessication caused large differences in species sbundance batween the ponds.
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In 1992, sampling was done for a longer period. The racovery and ecclogical siudies were started 5 days
after the frst rains occurred in the beginning of June and were continued untl the end of November. Pelagic
and zoopiankton samples were taken at two-weekly intervals, Since few obvious effects of either of the twe
pesticides on the densities of the benthic and epibenthic fauna had been found the year before, Il was
decided not to carry out a strenuous and time consuming sampling of this fauna during 1992

Statistical procedures

Residues

It was assumed that the disappearance of residues from the agueous phase was a first order procesa
Therefora all measurad concentrations wera In-transformed and linear regression of these data against
sampling time was used where possible to calculate half-lves

in situ bioassays

The variances of the average montaities before and after treatment in the bioassays in each pand were
compared using a two-talled F-test described by Sokal and Rohlf (1981, p.188), When the observed
variances were not significantly different, the differences between the meaan morialiies bafore and sfter
treatment were compared using the two-tailed t-test procedure given by Sokal and Rohlf (1981, p.228).

Population densities

A decision on the most sppropriate statistical method to analyze the effacts of the pestidde treatments on
population densities of different species had not been made whan this repart was writtan. The difficulties in
decding upon the approprate statisbcal mathod are discussed later.

In this report only the results of a preliminary analysis of the data will be presented.

The experiment was set up according to BACI-design (Before After Control Impact). All ponds were
monitored for four and a hall weeks before pesicides were applied. Each treatment was replicated five-foid
while six ponds served as controls,

The spatial interspersion of the different treatments was chosen arbérarily, but it approached a systematic
design (Hurlbert, 1881), For the allocabion of treatments to different ponds, factors such as accessibility,
geographical situation and distances from Wilages were taken infe account,

For each treatmert group (control, difiubenzuron and feaitrothion) and each organism, the average number
per cubic or square meter plus one (AVGE+1), called C. D or F for the different the treatment groups
respecively, was calculated for each sampling date. These values were transformed as LN(C), LN(D) and
LN(F) Then for each transformed set of data from a treatment group, LN(D) or LN(F), the transformed
average numbers of the control group, LN(C), were substracted. Stewart-Oaten ef al. (1986) proved that
the values of these effect-parameters (P%), oblained during several observations before an environmantal
disturbance, can be treated as statisically independant replicates. Data from before and afler the
dsturbance can thus be compared using a tlest.

Summarizing, the effect-parameters (P°) teated here can bs expressed &s:
LN({D)-LN(C) or LN(F)-LN(C),
n which

C= AVGE~+1 for the control group,
D= AVG#+1 for the diflubenzuron group, and
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F= AVG#+1 for the fenitrothion group.

The way of testing the data can be scheduled as follows:

Belore restment ANer traatmset

obsermbton Otsarvation

1 2. K ' | [ ken
Test parameter
Oifbarzuren  PF, P, P, AVGP' ) P, L .
Fentrothion P e, &, AVGPt Y PY,, Pl P,

Each individual post-treatment effect-parameter per treatment group, P*,.,, was then compared to the
average pre-treatment effect-parameter, AVG(P", ), using a two-talled t-test for the comparieen of a single
observation with the mean of a sample (Sokal and Rohif, 1981, p 231) at a=0.05, 0.01 and 0.001

It must be emphasized that average densities of ponds from the same treatment group were tested.
Therefore when effects are mentioned here, they refer to the average of all ponds in a group. In the same
way recovery time only refers to the average recovery time. Any variation between different ponds in
response to the treatments is not considered in this report.
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RESULTS
Meteorology and water levels

Some meteorological measurements, such as relative air humidity and air temperatures will not be
discussed in depth. In general, the humidity starts nsing at the end of the dry season (MayJune) and s &t
its highest during rainy days (up to 100%), In the early dry season days are hot and nights are relatively
colder. During the rainy season maximum temperatures drop and minimum temperatures nse,

1991

In 1981 the first rains in Nioro du Rip fell In early July. During the rainy season rains wers irregular, bul some

fell approximately once a week. The rany season was over by mid-October and the tolal amount of rain
measured was 506 mm.

The average evaporation from mid-August until mid-November, the pericd that the ponds were sampled,
was 4.7 mm per day. The total amount that evaporated during this time was 430 mm, whie 273 mm rain
fell.

When sampling started the average depth at the measuring siles in the ponds was approx, 50 cm. In August
and the beginning of September water lavels lluctualed because of consecutive penods of heavy rainfall
and days without rain (Figure 3.1). By mid-September the water levais started to decrease steadily and in
mid-November the average depth was 3.5 cm. The average decrease over this period was 5.8 mm a day,
a little higher than the average evaporation, which probably means that water soaked Into the ground.

1992

In 1962 the rains started much earlier than in 1881, The fst significant rainfall occurred on May 30. For the
month of June and the first part of July litthe rain fell until the rany season actually started in mid-July. The
averall rainfall in Nioro du Rip for the 1892 season was 722 mm, a larger amount than in 1981, Rainfall was
also measured at Prokhane (see Figure 2.1), except for the month of May. Total rainfail was slightly less
than in Nioro and on several ccoasions rainfall occurred only at one of the two locations. In 1991, while the
sampling team was In the field much of the time, it was obsarved that the occurrence of rainstorms could
vary remendously from one locality to another.

Dunng the 1992 sampling period from June unsl the end of Navember the 1otal evaporation was 1,001 mm
and the average was 5.4 mmiday. Water levels were not measured in 1692, After the first significant rainfall
in May all pends containad some water, but mest of them bocame dry again during the following period with
Ittle preciptabon. On July 18 (62 mm of rainfall) they refilled. They finally dried out in November or
December.
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Figure 2.3: Cumustive rainfa In Nioro ou Rip and average water dapth of the ponds during the samgling penod In 1851

Physical and chemical water parameters

To illustrate general trends in water physical and chemical parameters n this chapter, only a selection of
data from 1991 and 1892 was usaed.

Water temperatures will of course fluctuate between night and day. Therefore the temperatures that were
measured in the ponds more or lass reflect the time of the day they were usually sampled. In the early
morming temperatures could be as low as 25°C, while In the afierncon occasionally 35°C was measured
in the more shallow ponds, It & assumed that the water temperature in the ponds fluctuates daily
somewhere between these two extremas. In Novemnber the colder weather results In lower sverage water
temperatures (Figure 2.4).

In 1892 the visibiity through the water of the ponds was followed throughcut the rainy season. The average
Secchi depth & shown in Figure 2.5, After the first series of raina in May, the visibiity dropped again during
the following period when ponds were drying out. When new rains fell in mid-July the visibility increased.
Maximum average visiility was observed in early October. During the process of dessication in late October
and November, visibilty decreasad rapadly agan.

We think that three main processes determine the turbidity in the ponds: abundance cf aigae, disturbance
by cattle, and the process of dessication in which suspended particles are concentrated. At the end of the
rainy season the last two processes occur at the same time, Parficles concentrate and the cattie in the
region will more frequently come to drink from the larger ponds (studied by the project), because the
smallest ones are already dry. The effect of this can be seen clearly in Figure 2.5.

Dissolved oxygen (DO) was rarely measured in 1981, but for 1992 data are available from June unti the
end of November, The averages are shown In Figure 2.6 The development of the average DO-
concentrations in ime resembles the development of the visibility, The higher the water visibility, the higher
the DO-saturation.
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In 1881 pH-values were measurad throughout the sampling period, but during 1992 data for two months
are missing. The observaions of 1981 are shown in Figure 2.7. The values for ponds that developed a layer
of duckwead and one pond that showed unusual fluctuations (nr.7, Palagne) are shown separately. It can
be seen that the average pH for most ponds fluctusted shightly around the neutral vaiue of 7 during most
of the period. At the end of the rainy season the acidity increased. Pond 7 showed laige fluctuations with
some very high values The DO-concentrations and the vieibility through the water in the same pond were
also higher than in other ponds during both years of obssrvations. The PH in the ponds with duckweeds
dropped when these layers developed in mid-September
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Figure 2.6 Average water visbility in the ponds auring 1962 (n= 16 pords)
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From the DO and pH data we now have sirang indications that oxygen-producing algas are abundant any
aclive in the ponds when enough light is permitted to penetrate the water. When the turbidiy is low. as in
Pend 7, more axygen s produced and pH-values do correspondingly Increase. When light can not penetrate
the water because of the abundance of duckweeds or because the water is opaque, DO and pH-values
decrease. From the relationship between the DO and the pH it can also be deduced that the water (from
rain) In the ponds must have a low buffer capacity.

Water conductivily was only measured during the last week of October and the first half of November 1892
The observations showed an increase in conductivity during this pericd, probably due to the concentration
of dissolved matter when the ponds are drying.

Abundance of different organisms

The ponds contained a rich community of aquatic Invertebrates consisting of crustaceans and aquatic
insects. Every group of organisms has its own strategy 1o deal with the temporary character of the ponds
and the rapidly changing dircumstances. Maciocrustaceans and zooplankton species produce resting eggs
(also called cysts) that survive In the dry mud until the next rany season, Adults ¢f aquatic insects such as
hemipterans and coleopterans often have the capacity to fly and can migrale to permanent waters when
temperary waters dry out. Other insects, dragonflies for instance, only use the ponds during the lanval stage
in ther life cycle

The proper identfication of the biological materal shil poses a considarable problem. With the assstance
of different international experts in taxcnomy some progress has been made, especially for larger
Branchiopoda, Copepoda, Ostraceda and Hemiptera A specal key for the different Anisops species
(Memiptera, Notonectilae) was composed for the project by Nieser (1993). Coleopterans were identfied
lo some extent, but they are probably the most difficult group of organisms to identdy at the species leval
Cladoceran species could be separated, but our dentfications stil need confirmation by an expert

Table 2.1 presents a list of the most abundant species and groups of species whose densities could be
monitored quantitatively with our sampling methods. However, net ail of these groups were sultable for the
detocion of pesticide effects. Several among themn were only found in & lmited number of pands, some of
them were only abundant before or after the Ireatments. and the numbers of various species were oo
variable in ime. Therefore Table 2.1 also indicates if densities and their development in time permittad
application of the statisfical analysis described previcusly. Only the populasion densiies of the most suitsble
groups and species wil be treated in this report. However, scme of the crganiems, whose densities could
not be proparly measured, or that were not sven caught by scoop-nefting, will figure here if they were found
as viciims shortly after treatment of the pends.

A few remarks on some of the groups must be included,

Strepiocephialus spp. conssted mainly of Streptocephalus sudanicus, but one of the samples sent
abroad contained also some S, zelneri (Pond 7, Palagne)

. Anisops spp. consists of A, vanius, A jaczeviski, A. debllis perpicxus and A sardeus

Small coleopterans inchksde all coleopterans smailer than 5§ mm. Many of these species could
barely be idenlified at the genus level They include Dytiscidae, Hydrophiilidae and probably some
Haliplidae. Species that were larger were dentifiable at the species or genus level and wil be
referred to indmiduzlly.

For adult Strepfocephalus and Aniscps spp. males and females have been counted separately. For
Streptocephiaius the average lengths of the organisms and the numbers of females with resting egas in
heir ovisac were determined as well. However, since no apparent differences in pesticide-induced effects
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were observed for each of these groups, the sexes were grouped together and the lengths of
Streptocephalus will not be reparted. Data on adults and nymphs of aquatic insects (with or without wings)
will be treatod separately.

It s likely that in the future the project will possess more taxonomical information and better idensfication
keys. At that ime some taxons may be further divided o defermine possible differences in response to the

pesticides (0.g. among Anisops specles).

Although this sludy was mainly preoccupied with aguatic invertabrates vertebrates were also observed in
many ponds,

Almost all ponds confained considerable populations of aquatic turtles, possibly Pelomedusa subrufa
(Pleurod¥a, suborder Chelioria). Local residents noted that they can be captured by digging in the dry mud
of the pand beds during the pernods when water is absent. in 1952 we observed many swimming adult
turtles in the ponds on June 4, only five days afier the first rains.

Dfferent species of frogs and toads are abundant in or near the water. Tadpoles are very numerous n the
early rainy season. Their numbers decrease and their size increases as time passes.

Many species of birds were observed in or noar the ponds. Some of them, such as kingfishers and waders,
were clearly feedng on organisms from the ponds.
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Tabla 2.9 Mast abundant speckes and grouss of Speces in Tamparary ponds in the aras around Nicro cu Rip. P.S and 2

i icate the King of scoop-net samples In which they were principally captured and t ks shown if statistical sralyses
couid be appied on e data
Taxan Sampes Swsics
Brarchicpoda
Conchostraca
Casnasmenals sp S o
Loplesthora G, mayed s na
Cyclastherns hs'on S no
Anosiraca
Streplocephalus Spi F yo
Cladocera
Mohodaphola &n Z o
Mona 50, Z yes
Cenodaphmia sp. Z m
Diaphanosoma sp 2 yes
Copepoda
Cyclapcida
Themmocycops cecipens < yos
ttesocyciops keferl 4 no
Calanolda
Tropciaplomus banforanus Z no
Paradopiomys rex rd yes
Ostracoda
Cypridas
Standesia evee Z "o
Melerocyvis sysmyneiice 2 €8
Hemiptera
Notonectidae
Ansaps spn P e
ASOpSs Sp0. NpmEns F yes
Corididas
AFaplaconxa senegalens's PS yos (for 5)
A. sanegafanss nymphs P.S yes [for 5}
Miclronecta sp, P (]
Coleaptara
Ervles stckous P.S yes (fer P)
£ stictcus larvas PSS no
varous small coleopterars (<5 mvn) pS na
Occrats
Leslidae larvae P ne
Ciptera
Chronemicae lanac s no
Sam plon »
8 2 I0E QI ATCUE MO Te|
Z 200p avkcon
Effacts of duckweeds

In some of the ponds a Iayer of duckweeds, Lenva sp., developed in the beginning of September 1591
One week before the pesticide treatments Pond 2 (fenitrothion), Pond 5 (fentrothion) and Pond 13 (control)
bacame wholly covered. In Pond B (contra) duckweeds became abundant as well, but this pond was never
covered entiraly. Depending on the wind the layers would sometimes wash aside, but most of the time they
remainad closed and did not disappear unti the end of the rainy season.

The abundance of these duckweed covers interfered with the abundance of some species. Fortunatsly the
layers developed one week before the treatments, 5o their effect could be separated from the effects of the
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appliied pesficides. Species that disappeared from pond 2, 5 and 13 were Strepfocephalus spp.
(Branchiopoda, Anostraca), Paradiaptomus rex {Copepoda), and Moina sp., Ceriodaphnis sp. and
Diaphanosoma sp. (Branchiopoda, Cladocera). All speces that were affected were pelagic crustaceans.
Sediment-dwelling organisms and pelagic insects seemed unaffected. The partial duckweed layer m Pond
8 i not interfere with the abundance of species.

One ostracod. Strandesia evae was only captured in ponds where duckweeds developed. It 15 not known
if hey really became more abundart or if they changed their behaviour so they were more easly captured
by our zooplankicn sampling method (for example if their lifestyle became mors pelagic instead of benthic).

For the spedes that were affacted by duckweeds. the data of Ponds 2, 5 and 13 are not included in the
statistical caiculations or the graphic presentations that were used to determine the impacis of the two
pesticides,

Pesticide treatments
Some treatment data are summarized in Tabie 2.2.

The average apglied dosages were 75.1 and 506.1 g a.l/ha for diflubenzuron and fenitrotnion respectively.
If we compare these to the nominal rates of 60 and 500 g @.1/ha it must be concluded that some overdosing
occurred in the case of difubenzuron, The most etreme overdasing took place in Pond 7, Palagne, which
received 74% too much diflubanzuron. Pond 2, Koudote. treated with fenitrothion, was 21% underdosed.
The overall vanation between the treatments was not too large. The coefficient of variation was 23% for the
diffubenzuron treatments and 19% for fenitrothion

Deposition papers that were attached lo the bioassay cages befoce the treatments revealed that deposition
of the sprays was good and droplet sizes reflected the spectium usually found in drift speaying. All ponds
were sprayed at windspeeds higher than 0.5 mvs.



Table 2.2 Summiary of trastmer? charactanstics of ponus lrealed with pestickies.

Pond time of min max. N ~max. surface swath nurmber Quanity actual
treatrent win ar terrparature trexted widih of swaths appled cose
(mv's) (*C) (na) (mi W cal e
DEvbenzurn
Septomber 15, 1601
3 Sadlowar 1045 1-25 27-31 061 9 a [0 ) B89
1. Palagne 1320 0515 8- 053 10 9 0820 1042
8 Kourdew 10,16 1.2 U3 n6s 18 a4 0,645 45
12 Fans soa 1245 1-35 133 030 18 4 0405 762
16.Detreye 189 -2 .28 036 10 8 0400 4.7
Average spplied doso 754
sd 17.3
C.V. 23%
£ enitrathion ®
September 17, 1631
2. Koudote 2930 0.52 20-0 Q.97 175 ] 0.690 3557
5, Dalaciam 1205 0545 333 0.2 s 3 0295 5086
8. Wimbody 1430 05635 3434 075 13 7 0735 4500
11 Muambah 550 153 -8 079 13 4 0950 6.3
15 Gardaryg 1340 23 -0 0.20 13 2 0230 6750
Average applied doss 2051
sd 858
CcV. 19%
I Formubation’ 450 ODC dited wih glesd M1 ES5=60gai/ ¥ Formulation: SO ULV =500 gant
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Pesticide residues in pond water

Table 2.3 summarizes the measured concentrations after one hour, the coefficients of correlation of the
regression lines and the half-lves for both applied pesticides in the aqueous phass of the surface waler.

Difiubenzuron was only detected in water samples taken one hour after each freatment. After 24 hours
levels had decreased below the detection limit of 0.6 ug/. The average concentration in the ponds one
hour after treatment was 10 pg/l In Ponds 3 and 7 much higher concentrations were measured. A
satisfactory explaration for this phenomenon can not be given, but the apphed sampling method will be
discussed in more detail in the discussion section. It can only be concluded here that dissolved
diflubenzuron virtually disappears within 24 hours after treatment.

Fenitrathion remained measurable in the aqueous phase during a lenger time. Concentrations after one
hour averaged 80 pg. Agsin two ponds, Ponds 5 and 11, showed much higher concentrations. For four
ponds (2,8, 11 and 15) regression analysis could be applied to calculate half-lives. The correlation of
the regression lines was genarally good, except for Pond 11

If we dvide the average applied doses by the average inftial concentration the factor would bs 7.5 for
diflubenzuren and 8.3 for fenitrothion. These values are very similar, which problably means that the
inial concentrations after one hour are mainly determined by the applied dose and have not yet besn
under much influence of processes like evaporation, absorption, etc.

The average haif-ife of fenitrothion In the ponds was 43 hours, but there were considerable differencas
among the ponds, The disappearance of the dissolved compound was especially rapid in Pond 5 and
Ponag 6.

Table 2.5 Initi# concantralions and hat-ives of pesticide resicues in the agLeous phase of temporany pond wanes
Correlation coafficients for regression nas setabirsed to cakuale ha.ives on the basis of fimst order removal

Pend measurad conll of half o
conz (1h) COrrela. ™)
394) on

Lifiubenzuron

3.Seciowar 1.1 - -

7.Pulagne 11 - -

8 Xouréra T - a

12 Fanaawe 5 -

16.Debreye Kl - -

Average 12

sd 7

cV 0%

Fentrothion

2 Koudots k) G5 £4

% Daladian 163 -

& Wimbody 24 082 14

11 Mbamiban 145 D&z 48

15.Gandiang 3 0.28 a9

Awirage 2 43

sd ) 21

cv A5% 5%

Acute toxicity

The results of the in sy bioassays wih Straptocephalus spp are shown in Table 2.4, It can be seen that
mortalties in the pre-treatment assays were very vanable In half of the ponds the mortaities were |ower
than 15%. but in the others they ranged from 28 ta 80% ! either the control-martality or the after-
reatment monality was zero. the difference betwean a pair of data could not be tested statistically,
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because a division by zero was taking place.

Atter-treatment morntalties in the ponds reated With diffubenzuron seemed unrelated to any effect of
the pesticide, Bolh increases and decreases were cbsenved compared (0 (he conlrol tesls.
Diflubenzuron is of course an insecickie with a relatvely slow action anc will usually cause fittle mortality
in 24 hours.

The post-froatment mortalties in the ponds that were treated with fenitrothion were surprisingly low
compared to the controls. The cause of this s not known, but it is evident that there was no acute
adverse effect on Strepiocephalis.

Because of the high mortalities in the controls the results of the in sifu bicassays had no toxicological
value. Before these tests can be used any further it will be nacessary to find the causes for the high and
variable control mortalities,

Table 2.4 Results of in sify bioassays with the anostracan Strepfocephiws belore and aflar reaaments of temporary
pondds with pesticides (n~ & cages pér pond witlh 10 specimens sach),

Pond % mort tafore % et afer signficance
treatment (s.d.) treatmant (s.d.| of dfference

Difybanzurcn"
3 Sadiowar 0 (0 4 8 .
7.Palagne €2 g 58 {16} 0
(27) o
8 Kaurdne 42 (% 14 {12) 0
7 (1) e
12 Fana swa b} {0 e L] s
(n=d)
18 Debreye 8 (23) 10 L] -
Eenttrothvon®
2. Koudale 26 (29} - -
5. Daladkam 14 {15) 0 (@) .
B.Wimbody = {15) 0 (0}
11.Mbambah 0 (0 0 (@)
15.Gandlang B 12y 4 =1 0
v bafore traatmant 7-8 Sept. Significance.
after reatment 15-16 Sept.
- not calcu lsble
- A before rexment 5-5 Sepr 0 not sign
’ =gn. for
» exdra before reatment 2-3 Segl 0.01 4'::0.6
i sgn.
S Defore trestrnent 7.8 Sepl 0.001<a<C 01
after lrealment 17-18 Sept. oo sign. for

<0001

Searches for floating vicims on the water surface revealed more about the acute toxicity although the
ecological impact can not be quantified,

After dfiubenzuron treatments few dead macroinvertebrates were found, The only dead species
observed were some adull Anisops spp. and some Agraptacorixa senegalensis adults and nymphs.
However, there was no proof that the treaiments caused their death. Adults are not likely 1o be affected
by the IGR, and the nymphs found showed no deformations,

The results of the saarches in the ponds treated with fenitrothion are shown in Table 2.5, it can be seen



36

that many species were affected, especally hemipterans and coleopterans. Many victms found belong
o the larger species that were rarely captured by our biological sampling methods. Mos: of these
species are also thought to be important predators. It is therefore possible that the predation on Peir
prey In the ponds was considerably reduced.

Yable 2.5 Dead sauatic nvertetvates fourd floeling on the water surface of ponds treated wih fandrothian
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Rhantaticus congastus
Cybister sp.
Cybister sp_ larvae
Hydraphindae
Hydrophius of. sanegslensis X X
vanous small coleoptecans (<5 mm) X X
Ooonata
Lbelulidae larvae
Asshnidae Brvae
Lestidae larvae
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Effects on population densities

In this section the development of population densities of the mos! abundant species and the effects of
the two pesticides on them will be desciibed. The most relevant species or groups of species and the
samples in which they were captured are given in Table 3.1, The classification and nomencigture for
the different groups and species were already descrbed.

During the 1992 season only pefagic and zooplankton samples were taken ‘or logistical reasons. Where
1992 data are avaiable, they are presented for roughly the same period a8 for 1991 to facilitate
comparison. The authors feel that data from the early and late 1992 rainy season were less suitable for
any judgement on recovery because these periods were characterized by rapid and less pradictable
physical and chemical changes in tha water,
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When effects are called significant here, this means that average post-treatment densities of the treated
ponds were statistcally different from the average of the control ponds.

For 1602 differences in average densities between the same groups of ponds were not tested
statisticslly

Macrocrustaceans

The only macrocrustaceans that were found suitable for density monitoring were Streplocephalus spp..
pelagic anostracans that dominated in all ponds. The development of their densities in the different
groups of ponds during 1991 and 1992 s shown in Figure 2,8a and 2.8b respectively Average numbers
in the contro! group fluctuate roughly between 100/m* and 1000/m°.

Fenrothion treatments did not cause any significant reduction or ncraase of the average density. During
the same period in 1992 the numbers in the treated poads are skghtly lower than in the control group,
but not radically depressed.

For diflubenzuron no significant effect of the traatments cculd be detected on tha day foliowing the
treatments. However, after four days the average density in the treated ponds had signdicantly dropped
to S/m”, while the average for the control group was somewhere between BJ0/m’ and 1000/m’ During
the rest of the season living specimens of Strepfocephaius spp. were found occasionally, but the
average density remained close to 100% reduced compared to the contrels until the ponds dried out
(Figure 2 8a) In Figure 2.8b it can be saen that in 1992 censiderable numbers of the species were
found again. The development of the average density of the dflubenzuron ponds closely resembles that
of the fenitrothion ponds, They both are somewhat iower than the contral group, but probably not
significantly so
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Streptocephalus spp.
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Figure 2.8 Average popusition densities of Strapfocephiaus spe. (Branchiopods, Ancslraca) before and aer pesticide

Irestrmants in 1991 (3) and dunng 1962 (b). For 1991 sgnificant differences from the control groups after
traalments are marked *, ** or " {diflubanzuron) and +, ++ or +++ (fenitrothion) for a= 0.05, 001 or 0. 00!
respectivaly, Conmrol and glfubenzuron: n= 5 panas, ferdrathion: n= 3 pands.
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Zooplankton

The densiies of the copepods Tharmocyclops deciplens and Paradiaptomus rex for 1981 and 1592 are
shown in Figures 2.9a, 2.9b, 2.10a and 2.10b.

Fenitrothion did not cause a significant reduction of T. deciplens. From two to four weeks after the
difubenzuren trealtments numbers are lower compared to the controls, but the difference is only
significant for week 41 {a reduction of 80%). Although it looks like there is a considerable effect, its
staistical significance is small, probably because the average number in the ponds before the treatment
was already low compared to the controfe, During 1992 the average densities of the different groups
showed approximately the same development.

Paradiapfomus rex showed a different effect. After both fenitrothion and diflubenzuron traatments the
average densities steadily increased and remained significantly higher for the rest of the season.
Compared to the controls the increases vary from ¢ to 65 times for fenitrothion and from 8 to 129 times
for diflubenzuron. In the ponds treated with difiubenzuron the increase is larger and more significant:
average densieas of almast 10,000/m® were reached. The year after the treatments, numbers still seem
somewhat elevated for the difiubenzuren ponds, but much less than after the treatments in 1891,

The cladoceran Moina sp. was already decreasing in number before the-pesticide applications (Figure
2.11a). In the ponds that were 1o be treated with fenitrothion the average density even deciined to zere
|ust before the treatments. Therefore the density reductions that were cbserved afier the reatments
could not ba attributed to pesticde effects. Few average densities were sgnificantly reduced compared
to the control group. Whether there were any effects of the pesticides or not, populations of both treatad
groups became more similar to the control group agein approximately two weeks after the treatments.
During the aarly 1092 rainy season the average densities of he three groupe are very different and show
large fluctuations, but later in the season they converge (Figure 2.11b). The earlier differences in 1992
do not ssem treatment ralatad.

For the other cladoceran, Diaphanosoma sp., the same kind of development was observed as for
Moina. Particularly in the ponds to be treated wih fenitrothion, the average density was decreasing the
week before the pesticide application. Although the average densidy remained zaro during four weeks
following the treatment, this 100% reducbon is only signifcant for two out of eight messurements (at
a=0.05), as can be seen in Figure 2.12a After the difiubenzuron treatments the average density
remained significantly reduced at 100% during the rest of the season, except for one day in week 41,
when one high average density was observed. This increase could be attributed 1o one single sample
from Pand 3 (Sadiowar). The reason for this sudden local abundance is not known, but @ might have
to do with shoal formation. During 1882 averags densities icok reasonably comparable 1o the contrels
for both the fenltrothion and the diflubenzuron groups that were treated in 1991 (Figure 2.12b).

No significant effect of any of the treatments wae observed on the ostracod Heferocypris symmefrica
{Figure 2.13a) and numbers also developad simdarly during 1992 (Figure 2.13b),
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Poradiopiomus rex
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Aquatic insecits

The most abundant aguatic insects were Anvsops spp. (Hemiptera, Notonectidae), a8 complox of at least
four species. As can be seen in Figure 2.14a fenitrothion caused s reduction of some 85% in the
abundance of adults. Recovary was compiete after one week. The affect of fenitrothion on the nymphs
(Figure 2,15a) was more drastic and prolonged: significant reductions of almost 100% were observed
for three weeks following treatman|.

Diflubenzuron had no immediate adverse effect on Anisops adults (Figure 2.14a), but in Oclober
dersities were significantly higher than those in the controls on several occasions, It is not clear if this
was a pesticide related effect No immediate effect of diflubenzuron was found on the larvae either
{Figure 2.15a), but after two weeks one sngle significant reduction of 95% was measured. In Oclober
the average number of nyrphs in these ponds was found to be significantly Inczeased during one week.

Development of both adults and nymphs of Anisops spp. during the 1982 rainy season showed no major
differences between treated and control groups (Figures 2.14b and 2.15b).

Another hemipteran, Agraptacorixa senegalensis (Cotbddae), was mostly captured in the sediment
samples and probably lives just above the sediment Statistical analyses for both nymphs and adults
were problematic because the numbars caplured were low, especally during the pre-treatment period.
Moliing of the species seemed I take place just at the time of the freatments. Feaitrothion stil had a
measurable effect on adults, because their number did not increase as in the controls (Figure 2 18)
This effect lasted untll sampling was stopped early November The average reduction varied hetween
90% and 100%, The density of the nymphs was somewhat reduced. but not significantly so (Figure
217 rgysn)lphs and adults were both found as vietims in most of the ponds treated with fendtrothion (see
Table 2.5).

Diflubenzuron showed some effects amonyg A senegalensis adults two and three weeks after
treatment {reductions of 85% and 88% respecively, see Figure 2,16), but no significant reductions of
nympls ware observed during this period, mos! Ikely because their numbers also decreased in the
control group. Instead the number of nymphs significantly Increased during the month of October

(Figure 2.17).
Since sediment samples were not taken in 1292 there are no data of A. senegalensis for this year,

The last aguatic insect that could be monltored to some oxtent was the adult of Erotes sticticus
(Coleoptera, Dytiscidae), a predatory beetle. Its densities during 1881 and 1992 sre shown in figures
2 18a and 2 18b. The measured average densities are almost as low as for A senegalensis, but £
sticticus was more abundant before the freatments. Hardly any effects could be provan statistically. A
significant decrease in the average density for fenitrothion was only found three weeks aftsr treatments
and one significant increase for difubenzuron was observed two weeks after reatment Large numbers
of dead Eretes sticbcus were found immediately after each fenitrathion treatment, which is not in
agreement with the apparent absance of an impact on its densdies. The sampling method used might
not be appropriate for this species. The average densities of E. stichicus in ponds treated with fenitrothion
in 1991 are similar to the conirol group during 1992
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DISCUSSION

A major problem writing this discussion is the lack of biologica! and ecological information on lemporary
poad ecosystermns in the Sahel and Afiica. Ponds like these have been investigated in the past, but io
our knowledge naver over longer periods. Most of the invertebrate species encountered In this study can
probably be dentified if specilized taxonomists can be found, but much information that would be
neeced to explain the abserved ffects and recovery speeds, such as migration pattems, foodweb
relationships. indvidual life cyces, elcetera, is not available. Adverse offects on different species were
observed for both applied products. but we are hardly able to relate reductions of indwdual species 10
the structure and funcioning of the ecosystems as 2 whole. However, tha data that were gathered from
control ponds combined with observations in the field and the laboratory might sarve as a first attempt
to §ill this informetion gap. In-deoth studies of disturbances of the systems by pesticides could also reveal
mere about species Interactions and behaviour.

Diflubenzurcon

The average applied dose of 75 g al/ha difiubenzuron on the five treatec ponds reésulled i an average
surface water concentration of 10 pg/ after one hour, but one day tater the compound could noe longer
be detectad. The most probabie process for this rapid dsappearance is adsorption to suspended matter
and the sediment {Cunningham, 1986; Cunningham and Myers, 1986).

The applications of diflubenzuron caused sigrificant reductions of several sbundant macro- and
microcrustaceans. Less affected species were the cladoceran Maina sp. (Branchiopoda) and the
copepod Thermocyclops decipiens. The most affected species, the anostracan Streplocephalus Spp.
and the cladoceran Diaphanosoma sp., are both branchiopods. The results sugges: that branchiopods
may be particularly susceplible o diflubenzuron. This can be caused by either a high intrinsic
susceptibiity or a high exposure becausa of a specific micro-habitat (paiagic) or feeding pattern (fiter
feeding). Branchiopods go through a large numodsr of different molts in which an IGR like difiubanzuron
might interfereMiura and Takahashi (1974) report an LC-50 of diflubenzuron for Triops longicawdaius
(Notwstraca), a larger branchiopod, of 075 pg/l. The LC-50's for Daphnia (Branchiopoda, Cladocera)
are 1.5-2 g (Miura and Takahashi 1974 Nabeker &f al,, 1983). Both values are considerably lower
than the measured initial concentrations in the ponds. A high intrinsic toxicity for the taxons mentioned
above therefore seems very likely. but confirmation by 1aboratory testing will be needed.

Other known sensitive groups of mecrocrusiaceans ars amphipods, notably Hysalletla aztecs (Nebeker
of &l 1983 Farlow e al,1978; All and Mulla, 19782 and 1978b), and young stages of dacapod chrimp
Palaemonetes pugio (Touart and Ranga Rao, 1987 Wilson 2nd Costlow, 1986; McAlonan, 1876).

Thermccyciops decipiens and Moina sp. recovered farly quickly after the observed effects (within one
weak), but Strepfocephalus spp. and Diaphanasams sp. did not recover until the next rainy season, one
year later The first two species were anly partly reduced, while the latier wd were almost completely
eradicatod. Therefore an explanation for the diference in recovery might be given considering indivicua
reproduction stratagies. We can safely assume that repreduction occurs during the rainy season for all
jour species. However, if resting eggs ofthe first o specks haich during the same season and if those
of the latter two do not hatch until the next time the ponds fill with ram, this would result in large
differences In their ability to recover Deposited resting eggs of Straplocephalus spp. do not seem to
hatch during the same rainy season because younger and smaller stages are only found in the
beginning of the season. However, & can not be excluded that resting eggs do hatch during the same
season, bul that effective predation of very young, small stages by insects prevents maturation. These
predatory insects bacome more abundant fater in the season,

Indicztions of considerable effects of diflubenzuron en zooplankton at the suggested dose for locust
control were also obtained during the pliot study in 1988 (Lahr, 1990), Cladocerans, ostracods and
cyclopeid and calanold copepods in the studied arigasion reservoirs all were affected and recovery tmes
varied from 2-3 weeks for ostracods and cyclopoid copepods to more than ene month for cladocerans
and calanoid copepods.
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The effects of diffubenzuron on zooplankton observed in this study 2lso reflect the results of other
studies where comparabie doses were used. Miura and Takahashi (1974) applied 5 pg/ difiubenzuron
to outdoor aquaria, Populations of dadocerans and Cyclopowd- and calanckd copapods all declined, but
cladocerans recovered more siowly (three weeks) than the copepods. Kingsbury ef &, (1887) treated
two Iakes with diflubenzuron. The initial concentrations were 5§ 9 and 13.8 pgi. Cladocerans and
copepods were reduced considerably, but recovery vocurred within three weeks 10 two months with
copepods recovering earter than cladocerans. o

Higher dose rates were applied by All and Mulla (1978a) to natural lakes. Aftar doses of 110 and 220
g a,i/ha densities of Daphnia sp. (Branchiopods, Cladocera) and Diaplomus sp. (Copspoda, Calancida)
were reduced, but another cladoceran, Bosmina longistris and a cyclopoid copepod, Cyclops sp.,
lolersted the treatments. Recovery of the affected species accurred within 1-4 weeks. After a differant
treatment by Ak and Mulla (1978b) at 158 @ ai/ha effects were much more severe. All groups of
z':)oplamaon were elminated and the recovery was much slower (11 weeks to 6 months depending on
the groeup).

Especlally striking was the very large increase In the numbers of Paraciaplomus rex after the
diflubenzuron treatments in this study. It may be that this species of calancid copepod became so
Numerous because two other dominating organsms, Streptocephalus spp. and Diaphancsoma Sp. were
eradiciad, a possible indication of interspecific competibon.

The diflubenzuron treatmants had a slight and temporary adverze effsct on nymphs of Anisops sp.
(Hemiptera, Notonectidae), but the number of adults was never reducad significantly. Nymphs of
Agraptacorixa senegalensis (Hemiptara, Cornddae) became significantly more numerous from three
weeks after the applications urdil samping was stopped. The average number of adults on the contrary
was depressed during the third week after treaiment, No adverse affacts were observed on the adults
o1 Erefes sticticus (Coleoptera, Dytiscidae), Summarizing, the effacts on aguatic msects in these
lemporary ponds seem much less severe than those on crustaceans. However, for several insect
species the amount of material collected with the present sampling methods was probably t1co small
for a proper analysis,

Larvae of other aquatic insects are known to be sensitive to giffubenzuron, both under laboratory
conditions (Miura and Takahashi, 1974. Nobeker ef .. 1883) and in the field (Farlow et al., 1978).
Dflubenzuron treaiments especially affect different mcesquito larvae (Al and Muila, 1877 and 1978a).
A redated group, larvae of Chironomidae, were somatimes very numarous In the ponds studied here (up
to 3,000/m?), but they appeared and disappaared rapidly at differant imes in individual ponds, When
the treatments were conducted there was not a single pond where they were abundant.

The greups most affected by dflubenzuron in this study are all pelagic branchiopod crustaceans. Their
exact function in the observed temporary ecosysiems s not known, but in general these groups feed
on algae and probably also on bactena and yeasts. Since these ssme groups. notably Streplocephalus
Spp., were very numerous before the trealments, the pesticide applications may temporarily have
reduced the total consumpdion of algae, bacteria and yeasis in the ponds. If an aigal bloom would have
resulted from this & might have been delected by an increase in pH- and DO-values The pH, however,
seamed unaffected and DO-measurements were not tzken at he time. The increase of the numbers
of Paradiaptomus rex aftar the treatments was already mentoned. Possibly this species ook over the
functions of the affected species and was able to keep algal densties at a normal level,

Fenitrothion

The average applied dose of 508 g a.|/ha fenitrothion resulted In an average initval concenfration of 80
HOA. The average haif-ife of fentrothion in the aqueous phase was 43 hours. The restive contribusons
of the different removal processes in the ponds are not known. In other experments hydrolysis,
Phololysis and acsorplon to sediments were of differant importance, depending on the environmental
conditions (Gresnaigh et al, 1980; Weinberger of al,, 1582, Maguire and Hale, 1980; Durand ef al,
1931, WHO, 1886). However, it is doubtful i prololysis plays an important rele in the ponds because
of their opaqueness. In river water the hall-fife of fenitrothion was 50 hours (informaton brochure of
manufacturer Sumitomae)
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The treatments aftected a vast range of different aquatic insects (Table 2.5 and Figures 2.14-2 16).
Given the rapid appearance of vicms on the water surface the effect was very acute. Most of the victims
wese aquabc hemipterans or coleopterans and both young slages and adults were killed. Pelagic and
more benthic species were equally affected. We have ne indication that any of the abundsnt species
of Hemiptera or Coleoptera were not affected. However, for most species, excep! Anisops spp. and
Agraptaconxa senegalensis adults, the effects could not be quantified. Many species found as victims
of the treatments were simply not or rarely captured with the applied sampling methods. Others were
captured in such a low numbers that statistcal analysis was unsalisfactory.

Anisops spp. nymphs were reduced more severaly and recovered more siowly than adults (three weeks
vs. one week respectively). Therefore the quick recovery observed for the adults could not have
occurred through reproduction, because high numbers of nymphs would have appeared before the
adult populations racovered. This leaves only migration as the mechanism for inftial adult recovery,
followed by reproducon and reappearance of nymphs. For other species the mechanism for recovery
was not as evident, but indivduals of virtually all affected species, including some of the rarely captured
ones, were found within days or a few weeks after the treatmanis. Adults of these species are capable
of fiying as well.

Another greup that was affected by femirothion were Odonata larvae. In Pond 8 and 11 lanvae of
Libelluitdae, Aeshnidae and Lestidae were found as victims. From thesa three only Lesfidas were
captured more regularly in the scoop nets, but their numbers were siill too low to determine the effecls
on the populations. Most larvae of Odonata are benthic predators that live on the sediment surface.

Probably all nsect species n this study affected by fenirothion, except hydrophilid beetles, are predators
although their exact prey rarmains unknawn.

In field experments where rivers or the vicinity of nvers were treatad with fenitrothion downstream drift
and mortality of aquatic Insect larvae increased (Yasuno et al., 1881; Eidt, 1981: Mormison and Wells,
1681). In laboratory tests with different Plecopiera larvae LCS0-vaiues were 4-17 pgfl (Mayer and
Ellersieck. 1986; Woodward and Mauck, 1980). The LC50's for different dipteran larvae vaned between
2.6 and 11 pgit (Mayer and Ellersisck, 1985, Sanders el &l., 1883; Parsons and Surgeoner, 1981).
These data Indicate that fenitrothion Is generally highly toxic to larvae of different groupe of aqustic
insects,

Fenitrothion had no efect on Sreplocephalus spp. The cladocerans Maina sp. and Disphanosoma sp.,
however, were significartly reduced The madmum reductions were 100% for both species, but the first
recovered after three woeks and the second after four weeks. While Diaphanosoma sp. was not able
to recover during the sama rainy s=ason from the diflubenzuron treatments, it did in the case of
fenitrathion. This suggests that recovery in the difiubenzuron pands was not prevented by imited
seasonal reproduction of the species. but possibly by proionged harmful concentrations of diflubenzuron
in the suspended matter and/or the sediment of the ponds.

Diffarent ECS0- and LCS0-values for the cladoceran beanchiopod Dephnia magna range from 1.6 to
11 w/ (LeBlanc, 1984; Takimoto et al, 1967, Sanders &t al, 1983) considerably iower than the average
initial concentration in the ponds (80 pg/l). However, these values are nol in agrecment with the
observed absence of effects on the anostracan tranchiopod Streplocephalus spp. For Gammarus
fimnaeus (Amphipoda) 24h-LCS0's were 53-55 pg/ (Mayer and Ellersieck, 1986) and 896n-LC50's were
4.3-8.8 pgA (Woodward and Mauck, 1980; Sanders ef al., 16832). A 24h-ECS0 of 2.2 ugh for Palsemon
paucidens (Takimolo ef &, 1887) and a 24h-LC50 of of 0.07 ugi for larvae of Macrobrachium lament
(Sarojni ef al., 1986) indicate that decapod shrimps are also very sansitve to fanitrothion.

During the pilot-study of the LOCUSTOX project the decapod shrimps Caridine africane and
Paisemanctes africanus in Frigation ponds were vrtually eradicated by 338 g a.i/ha chlorpynifos and
550 g al./na fenitrathion, while diffubenzuron at 35 g a.i/ha caused no effects on the o spacies.
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Methodology
Residue analyses

The inttial concentrations measured in the ageous phase of the water were quile variable, These
differences gre most bkely due to environmental factors. The samples for the analyses of the initial
concentrations were taken one hour after sach traatment fram the top of the water surface. Differences
in physical crcumstances such ss wind turbulence and different amounts of suspended matter may
have caused different concentrations in the water's top layer. Other sampling methods, such as the pipe
device described by Boltovskoy (1820) may give morea reliable resulis

For fengrotion halffives could be calculated, but difiubenzuron disappeared from the aqueous phase
within one day. The only way to determine the hali-life of dissolved diflubenzuron would be to sample
several imes shortly after treatment. However, this would be logstically difficult and ecologically not very
useful,

Pesticloe residuas should be measured not only in the agueous phase, but also In suspended matier
and the sediment. The adsorplion process and #s relative mporiance for different pesticides in the
ponds (and under tropical circumstancee) s unknown and would be more clearly defined.

In situ bicassays

Tha mortafSas of Streplocephalus in the control tesls were unpredictable and often much too high. No
sxplanation for this was found, Faciors that could have contributed to the low survival rats in the controls
are the small space of the cages, the high densities of the animals in them, high surface waler
temperatures or an increased effect of bacteria and parasifes that can penetrate the mesh. Survival
rates however, were yery vanabie from one pond to another and in tme. The high survival rates after
the feniirothion treatmenis compared to tha controls are very difficult to explain unless we assume the
existence of an unfavorable factor in some ponds that disappears afier the applications.

Anisops spp. might be a more suitable group of organiams for in sku bioassays because they are very
abundant and suffer a more acute moraitty from fenitrethion and possibly also from other Insectickles
with a fast mode of action.

However, it 5 questionable if bicassays on site with either of these two organisms do in fact prowde any
add®onal nformation, because effects on their population densities are so easily detectad by scoop-nat
sampling.

Density sampling

The method of quanBtative scoop-netting proved o be satisfactory for a number of erganisms from the
pelagic zooplankton, the pelagic macroimvertebrales and the epibenthic macroinventebrates, but only
when their densities were sufficiently high, Species with lower reiative deneties, for instance large
pradatory besties. were not caplured regularly encugh to permit density estimations. Other methods,
such as trap desices, might be more suitable for monitoring densies of these groups, but if they are too
efficient thay may interfere with those densities.

To cur knewledge no easy quantitative sampling method & known for benthic zooplankton. The pond
sediments are full of detritus and mud that make & very time consuming to find these smali animals in
a sediment sampls.

For larger macranvertabrates, such as Erefes sticlicus and Agraplacorixe senegalensis, whose
denstes are jow (1-10/77), the solution might be to increase the sample size of the SCoOp net samples,
Since their dimensions aliow them to be recognized by eye they could be separated from the other more
numerous species in the fielkd. To avoid having too much matenal of the mest abundant species,
separaie samples of different lengths could be taken for groups of organiams with different densities.
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The way the benthic and epibenthic fauna was sampled In 1991 was very exhaustive and tme
consuming, The reason for also taking samples of the sedment itzelf wes the abundance of chironomid
larvas. However thess were not suitable for the investigaton of side-affects in the ponds (Table 2.1)
Dunng & subsequent field trial only the spbenthic fauna above the sediment should be sampled,
probably by scratching the square scoop-net aver the top of the sediment, thus avaiding polluton of the
sample by mud and detrtus. This wil! save a great deal of work In the field.

The numbers of some zoopiankion speces fluctuated greatly. We think that movement in sheals could
have contriouted to this phenomenon. To study ths hypothess and the spatio-temporal distribution of
other speces a separate study was carmed out in August 1982 (Lahr and Diallo, in prep.). in the case
of a very irregular distribution of important species il is advisable 1o take maore, but smaller pelagic
samples at different stations in cne pond.

Statistical analysis of population densities

As pontod owt earber, it is felt that the currently applied mathoc is not satisfactory, Although general,
average patterrs of side-affects can be descabed, information on the varability of the response of
populations in differem ponds is nol optimally used. Some sort of analysis of variance (ANCVA) should
be ultmately applied, but there are several problems. The study was set up according to BACI-design
and each treatment was replcated five or six times. The treatments were svenly bul not randomly
distributed over different ponds in the study arza to correct for possible differences caused by
geographical factors. The quesbon Is whather and how an ANCVA can be apphied correctly when guch
a systematc design Is used

Even if the treatments are considered 1o be replicates, i is dificult from & biotogical point of viaw to
equate the populations of the same spedes in diflerent ponds, Physical circymstances are different from
pond lo pond. Some ponds ace larger or deeper than others, some of them are more freguented by
caftle. Some of them are close 1o other lemporary ponds, while others are rather solated. Local
differances in rainfall causa many ponds to be filled at differont imes during the sarly rainy season. The
aqualic vegetation was equally varnabie. Organsms interact with their envwronment and different
circumstancas will result in different population densities, which was the case for the observed ponds.
Why are some species abundant in only @ few ponds? How does the unique abundance of several
conchosracan speces in Pona 15 affect the densities of other spacies that were of greater impartance
in this study on side-effecs? How does the reiative isolasion of some ponds interfere with the recovery
speed when the recovery mechanism is 2eral migration from other ponds?

The questions are oo numerous 1o be addressed immediately. It might be decidsd eventuslly tc apply
ANOVA-techniques and different results for individual ponds may be refated 1o differences in local
circumstances. Even when an ANOVA could not be strictly applied to [hese pond systems, the results
of the analysis would reveal more about the importance of vanabilty between ponds.
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CONCLUSIONS

The effects of dflubenzuren and fenitrothion sprayes at dosages used for controlling Desert Locust on
densities of aquatc invertebrates in temporary ponds are summarized in Table 5.1, A list of victims of
the fenitrothvon reatments was already given in Table 3.5.

Diflubenzuron cavsed consklerable effects on pelagic anostracans of the genus Strepfocephalus and
cne cladoceran, Diaphanosome sp. Populations of these species did not recover until the next rainy
season, on2 year later, when the ponds were filled again. One species of calancid copeped,
Paradiaptomus rex, increased significantly following the applications, probably because of reduced
competition by the eradicated species. Diflubenzuron had little or ne effect on other cladocerans and
copepads, ostracods, and different aquatic insects.

Fentrothion did not affect anostracans and ostracods. The cladoceran Dvaphanosoma sp was reduced
significantly, but recovered after one month. As with the diflubenzuron treatments, numbers of P, rex
increased compared to the controls Other cladoceran and copepod species showed no significant
effects The most vulnerable groups of invertebrates were the aquatic insects, notably hemipterans and
coleopterans. Almost all species that were found in the ponds before treatment appaared floating dead
on the water surface shortly after the lreatments. Most of the affected populations recovared after cne
to several weeks. For Anisops spp (Hemiptera, Notonectidae) evdence was found that recovery took
péace by aenal migraton. Since many adult aquatic insects are capable of flying, this might be the most
Important recavery mechanism for mos! affected insect species

The products seem to interlere with arganisms at different trophic levels of the temporary pond
ecosystems, Diflubenzuron espacially reduces the numbers of abundant herbivores (also grazers or
fiter feadors), while fenitrothion affects most invertebrate predators. Both products could therefore
significantly change interactions in the ecosystem as a whole, but via different pathways.



Table 2.6 Summary of effects of dillutanzuros and fenitrathian on popadation densities of aquatic invartebrates i lemporary ponds,
When effects lasted longar than & weeks, no recorery wits Sbasrved unil the ned rainy season

Spoces Cifuoanzwon Fanirottion
effect  slart offect a%ar  duration of maxmum % =art affect afer  duabon of maximum
treatm e change troatm, affoct % charge
Branchiopoca Arostaca
Strplocephais spp . 112 wk > G wks 100
Cadocea
Moing sp . 1 12 Wi 100 1wk, 1021, 9K 100
Dwphanosome sp. - 12w > 6 whs 100 2viks. 1w 100
Copapoda  Cyclopoiia
Thamocydops deciprens - 3 wks. W2 wi, 80
Calanokia
Paradapiomus mx + 1 whe =6 wis. 1290 1wk > Bwks 6565
Ostracod  Cyprdae
Heterocypae symmelrica 0
Hemiptera  Notorecdas
Anisaps spp adults . v Tig vk 180 1 day 12wk, ar
Anisops spp nymphs . 3"% }?*wk g’ 1 day 2, WS 100
Corvocdae
Sqgtonerise senegatensis < 2 whes. Zwhs % 1 wk. » 5 wiis. 100
A sanegalensic ymphe . ke 2.4 whs 3,150
Colecplera  Dytiscidas
Hretes stetcus - 2 whs. 12w S84 Jwis 12wk, N0

Effects. O no signhicant effect

+ mignificant recustion of average densty
+ sigrificant ncroasa in average densty
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RECOMMENDATIONS
The use of diflubenzuron and fenitrothion in Desert Locust control

Blanket spraying of diiubenzuran for the control of Deser! Locust hopper bands should be avoided in areas
where temporary pools and ponds are abundant. Even when no temporary waler bodies are situated in the
aresd 1o be treated, buffer zones of considerable distance from temporary waters in nearby areas shoukd be
employad to avoid any possibiity of downwind drift deposits.

Care should also be taken to avoid contammation of tempaorary ponds with fanitrothion. Especially whan large
surfaces are freated, affected populations of aqualic insects will recover more slowly through aerial migsation
than in this stidy. because distances o unireated areas from which migration occurs will be longer.

Washing spraying equipment in waterbodies should be avoided altogether.

Methodology

The method for sampling the walel surface for pestickde residues should be improved to give batter, more
regpresantative results. Pipe sampling devices seem 2 good solution that nesd testing. Before field treatments
with any cther products the available data on their late and behaviour in the aquatic environment should be
studiad in more detad (o sllow for a betler estimation of the sampling frequency neaded to calculale hall-lves
and other parameters properly,

The efficiency af in sity bloassays with anostracans should be improved by reducing mortalities in the controls.
Deeper and larger cages may be a solution to the problems encountered. In addition tests with the pelagic
nolonectid Anisops sp. might be carried out.

The size and distribution of scoop net samples should be adapted to become more efficient for animals with
low poputation densdes or swinnng in shoals. Sampling the sediment (iself can be suspended, because the
densities of Ihe only organsms caplured this way, chironomid larvae, were too variable. Instead it is suggesled
l0 take “scratch™sampies on top of the sediment to catch the epidenthic fauna.

A proper statistical methed must be found 1o analyse the data on population densities folloning pesticide
troatments in different ponds. Variation in densities from pend to pond should be an integrated part of this
statistical evaluation,

Future research

In order to get a better idea of the fate of appiled pesicides in temporary ponds, resxiues and relevant
degradation products should also be measured in suspended matter and the sediment. When sampling in
different ponds at short intervals in a large area like the region of Nioro du Rip poses too many logistical
problems, the use of artificial lest Systems like mesocosms may be taken Into consideration. These allow lests
with different preducts under more contiolled crcumstances.

Streptoceptalus spp., Anisops spp. and Diaphanosoma sp. could be used for the development of leboratory
tovdcity tests that will provide initial screening and centribute to the decisions on the acceptability of cortain uses
of pesticides in the region. Studies shoukd therefore be undertaken to determine the right hatching and festing
circumstances. Preliminary tests with Strapfocephalus spp. and Anisops spp. have already been carried out
A tha laboralory in Niore du: Rip with specimens captured in the field. The results of thesa tests confirmed the
affacts of dflubenzuron and fendrothion observed in the feld. The tests also revealed that the pyrethroid
deltamethrin may have effects on both species in temporary ponds at its operational dose against Desert
Locust, whila the carbamate bendiocarb would probably affect neither of them.

A better knowledge of the taxonomy of different groups of species will allow more accurate identificatons in
the future. When species from the currently disinguished groups can be furiher separated, some of the
material collectad for this study should be re-ldentfied to study effects on individual species and their recovery
tmes.
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Fulure research should Inciude fiekd tests with other pesticides currently used in Desert Locust- and
grasshopper contral. Tests shoukd especially be carried out with pesticides belonging to other chemical groups
such as synthetic pyrethroids and carbamates. When the field trial methodology becomes more developed,
afternative pesticides such as biological products may be tested for side-effects following preliminary screening

for toxicity in the laboratory.

Of great importance is the acquisition of better information on the organisms in the ponds, their biology and
their ecology. Foodweb relationships, spatio-temporal distributions, reproduction, migration pattarns and
abundance, among cthers, should be studied whenever possible,
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CHAPTER 3:
The effect of fenitrothion and diflubenzuron on
natural enemies of millet pests in Senegal (the
1991 study).

SUMMARY

Fields planted with pearl millet (Pennisetum typhaides) in central Senegal were experimentally
treated with insecticides for locust control during the rainy season of 1891. This was done o study
their impact on natural enemies of millet pests and the kelihood of pest resurgence after locust
control operations in milet

Four fields of 1-2 ha's each wers treated with fenitrothion at around 450 g a.i/ha, four were sprayed
with diflubenzuron at around 80 g ai/ha, whie four others functioned &s untreated controls.
Presence of natural enemies was assessed using fiight interception fraps and direct counts. Different
iife stages of the millet head miner (Hefiocheilus albipunctefia), a primary candidate for resurgence,
were sampled throughout the millet growing peried. Effects of the treatments on the degree of
parasitism of this pest was assessed using vanous techniques.

Fentrothion considerably reduced populations of Hymenoptera, in parficular the parasitoids
Cardiochiles spp. (Braconiiae) and Mesa sp. (Tiphiidae). Recovery was not complete at the time of
harves!, the end of the study. Coccinellidac and dipteran natural enemies were not affected. No
reduction was found in natural moriality of H. albipunctala eggs. Probably the most important
obesrvation was a lemporary resurgence of H. albipunctefa larvae, amounting to a 75% increase in
larval peak densily, in all fenitrothion treated fields. No efiect was found on emergence rates of
diapausing millet head miner chrysalids nor of Copidosoma parasitoids the year after treatment.

Diflubenzuron did not cause any reductons in natural enemy taxa monitored by flight interception
traps, except for the braconid parasitold Cardiochiles spp. The latter was affected at the very end of
the growing season This inseclicide did not appear to cause a reduction in natural mortallty of H.
albipunctella eggs. A 50% reduction in peak densly of Hellochedlus larvae was obsarved in
difiubenzuron treated fields. However, a 110% increase in Helfocheillus chrysalid emergence as well
as a 50% reduciion in Copidosoma parastokl emergence was found the year after treatment. These
two effects combined wouid result in a 75% reduction in the number of Copidosoma parasitoids
avallatie per emerged millet head miner the year after treatment, when compared to the unreated
felds,

A number of taxa of beneficial arthropods has been kientfied which may be affectad by treatments
carried out earlier in the season.
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INTRODUCTION

The crop which Is probably most treated with Insecticides during locust or grasshopper control
campaigns in Africa south of the Sahara s pear! millet (Pennisetum typhoides (Burm.) Stapl and
Hubt.). The usea of insecticides may have cerlain side-effects which ultimately Increase rather than
decrease pest pressure on these crops, This invoives the development of resistance of the target pest
to the insecticide used, the resurgence of the target peat, or the development of secondary pests. The
fisk of resistance development in migratory locusts is gencrally considered to be remote. The
combination of the relatively long generation tme, and the high mobility and subsequent mixing of
the sprayad and unsprayed populations. would effectively counteract the appearance of resistant
populations, Pest resurgence and secondary pest development mestly occurs through the reduction
of natural enemy populations which ailows the pest population to “escape” regulation by the natural
enemy. Waage (1988) lists the following ways through which insecticides may reduce natural enermy
effectiveness:

insecticide kils natural enemies

insecticide has a sublethal effect on natural enemies, reducing survival o foraging activity
insecticde enhances pest reproduction, allowing pests to escape controf by natural enemies
insecticde changes local peet distribution, causing temporary emigration of nalural snemies
or reduced foraging efficiency

Insecticide synchronyzes pest population, causing the locsl extinction of natural enenmy
populations

B BN A

Often several of the above procasses will interace.

Waage (1988) suggests that the pest species posing the largest risk of resurgence are those which
are substantially reduced by their natural enemies snd which are less affected by the insacticide than
Iheir natural enemies .

A large number of insects attack pearl millet, In an Africa-wide review Geddes (1990) considers the
millet earhoad miner (Helocheilus albipunctelia De Joannis) as being the most damaging crop pest
in the Sahelian climate zone, followed by grasshoppers such as Oedaleus senegalensis (Krauss,
1877) and Kraussana angulfera (Krauss, 1877). However, the threst posed by different pests varies
from year to year and other pests than the above may locally bs more damaging (Jago 1952).

Hellochefius albipunciella mines the earheads of millet plants. Its larvae will thersfore be falrty well
protected from treatments with contact insecticides. Soon after eclosion, which fakes place on tha
more exposad outer side of the earhead, the millet earhesd miner moves undemeath the flowers
A large number of parasitolds and predators have been found to attack H. albipunctea (fable3. 1).
The degree of parasitisr quoted in this table has limited value, however. Most of these figures have
been obtained during natural enemy survey studies which are not necessarily well adapted to
assessing actual parasitism rates. It is unlikely that any of these figures represent generational
montalty caused by the given natural enemy (Van Driesche 1983). Most if not all of the natural
enamiee are highly active on the millet plant to segrch for their host or prey and are thus potentially
highly exposed to insecticidal treatments.

For the above reasons the millet earhead miner almost eally fulfills Waage's (1988) criteria of a
speces with a high chance of resurgencae: the pest species & protected most of its life and the naturat
enermies play & potentially important role in past regulation while being highly exposed o insocticites
If reatments take place. Therefore, we have concentratad in this study specifically on the effacts of
locust control freatments on natural mortality factors of H. alhipuncielia. In addiion we have studied
effects of the treatments on a number of natural enemies of other crop pests, including
grasshoppers, as well as on the presence of Coniesta ignefusalis Hmps., another stemborer which
N some pars of he Sahel may cause important crop damage. A short description of the phenology
of Heliocheilus albipunctelia & gwen in fig.3.1.

Two insacticides were included in the study: fenitrothion, an organophosphale insecticide which acts
mainly by contact (the most used insecticide agairst desert locust and grasshoppers in Alrica) and.
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the phenyl-benzoyl-urea insect growth regulator diflubenzuron. The latier compound seems to work
maindy by ingestion and disturbs chitin synthesis in the arthropod. Therefore itis espacially toxic to the
larval stages of arthropods which s8ill need to moult. Diflubenzuron is not yet used in desert locust
control but, togather with other compounds within the same group of IGR's, it is considered a
promising candidate for desert locust hopper band control. it was included in this study because of
its principally differant mode of action from the more classical contact insecticides,
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Table 3.1; AMWnumlmdew.ummmnim.mw

Famiy L ] hpe fmponance
COLEOPTERA
Carsbidaee Chaanis spp. pracatar ot Wean
Graptyptens obsowtus (Cliviar)
Hatpaglossus laevigmtus (Dejean)
DIPTERA
Asdlidas Promachas ap, predator L Anoen
Bormayidag Thyndantirax sp. nv. keppa (Bowdan) parastod up lo 4% of chrysalds paas.
Tachinidae Gomophifalmus had Mesril parastod rarety found
Palexonsta quedrizanwls Thomson parasiiod up e 16% of larvae paras,
HEMIPTERA
Arthocondasa Orus sp. pradaler net nown
Reduwdas Eclomacans fenestratus {Kug) aredaor raruty found
Katanga siineel Schoutedan
HYMENOPTERA
Sisconidaa Sracon hadarr Say paraskaid up 1o 14% of larvae paras
Cmmmnssp.n parasitoid up 10 0% of trvae paras
Encyhdae Copvdosama sp. nr yuncatedum parasiton up to 20% of late instar tarvae
{Daiman) paras,
Eumencoe DeYz emarginatum amampinatum Lo and  precator ot icran
Oele 5.
Sphecicas Ammopiis sp. precator not known
Trehogramenatokdes Trichogrammalodes ? kéea Crault parasitoid up to 75% of egas parss.
Vespidac Pobofes sp. predator "hat known
NEUROPTERA
Creysopdas Snncrochryss sp pracalorn rawsly found
Chrysopa 3p.
CRrysopans paica (Navis)
L

Scurcer Bhatsgar (19673
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STUDY SETUP AND METHODOLOGY

General study lay-out

Twelve farmer fields planted with with peart mitet (Pennisetum typhoides, vanety Souna I} were
salected for the study in late July 1991 around the village of Prokhane. in central Senegal (fig. 3.2).
Growth stage in all fields at the Sme varied from emergence to early tilering (10-20 ¢m height}. Most
fields were chosen such that at least B0% of the diractly neighbouring fields had crops otner than
millet, fo raduce the possibility of reinvasion of the treatad plots from neghbouring unsprayed milet
fields. This was done to avoid undereslimation of the impact of the inzecticide which gererally is
applied to series of adjoining millet flelds at a time

Field sze varied from 1 to 5 hectares. They were cultivated according to standard farmer practice,
most of them not recenving any fertllizers. The Project staff did not intervene in cultvation apart from
the insecticide treatments, No other pesicide applications were made by the farmer. All fields carried
peanuls the preceding year.

Fields were assigned to four blocks of three. Each block contained a control field and two different
treatments. Distances between neighbouring plots within a block was at least 100m but never more
than 300m. Blocks, however, were spaced up to three Kliomelers aparn

Fig. 3.2: LocouncﬂhotudyaummmﬂmmcmlsamﬂmnmmwMMrbhab
of 3 fiskds rach

Insecticide treatments

Inseclicides were applied on the different plots in the period from 11 to 14 September. Four piots
were lreated with the organophosphate fenitrothion (Sumithion™ 500 g a4 ULV formulation); four
others were sprayed with diflubenzuron (Dimiin® 450 g a1 ODC formulation). Fendrathion was
applied undiluted; diflubenzuren was dituted down to & 50 g a.ifl formulation with diesel oll before
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application. Four conirol plots were lell untrealed.

All treatments were made using a Micro-ULVA® battery-powered spinning disk sprayer. The sprayer
was equipped with four 1.5V dry cell batteries which gave a disk speed ranging from 6000 to 6400
rpm (measured on a pesticide loaded disk with a Vibratak™ tachometer). According to manufacturers
documentation this disk epeed results in a droplet VMD varying between 80 and 100 ym. Spray
passas wece always approximately perpendicular to the direction of the wing, The sprayer head wss
held at the height of the millet ears (1 50 - 2 m). Track spacing was kept standard at 10 meters.
Spray passes were marked by flagmen, one at each side of the plot.

Flow rate and operator walking speed were calibrated before application. Total volume of pesticide
in the sprayer bottles before treatmeni, as well as the volume left aver afterwards were measured.
The surface area of the sprayed fiald was measurad with the healp of a calibrated distance wheel ard
A compass. Area dosage was subsequently czlculated based on area treated and volume of
insacticde used.

Windspeed was measured at the start and the end of each treatment using a cup-anemometer held
atappraximataly 1.75 m. above the gound. Dry and wet bulo tamperatures were determinad with an
aspired psychrometer which was whirled in the shade,

Insecticide deposition estimation

On fenitrothion piots a row ef 10 oil-sensifive spray cards were put out in a line perpendicular to the
spray tracks. Dropiel deposition cards measured approximately 1 x 6 ¢cm and were mounted, one
vertically and one horzantaily, on & washpeg. The pegs with the cards were then clipped on millet
slalks &l 1.4-1.75 m height (approximately 15 cm below the millet earhead), the od-sensitive surface
of the vertical card facing the wind. Droplsts deposited on the cards were counted the evening
followeng the Ireatment using a stereo-microscope. Since diflubenzuron does not stain well on the
cards, droplet counts were not carned out for these treatments,

Insectickie residue analyss was performed on millat leaves and earheads which were sampled one
heur after spraying. To assess degradation rates of the insecticdes under the circumsiances of the
trial, further vegetation samples were taken at fixad intervals after spraying. Residue analysis was
carried out using gas chromatography (fenitrothion) or high performance liquid chromatography
(difiubenzuron) A full description of the sampling procedures, extraction and analyss is given by
Gad)ji (1993).

Arthropod assessments
Malaise traps

Malase traps (interception traps for flying insects) were used to capture fiying Beneficial insects,
especially Hymenoptera and Diptera

One malaise rap was erectad in the centre of each plot It had two opposed interception areas of 1
% 1.50 m. The tops of the traps were made out of fine, white masquito netfing, the lower part was dark
red mosquito netting. The fraps were always placed in such a way that the interception sides were
facing east and west. The collection bottie at the top of the trap was filled with 4% formol in water.

Malatse traps were installed first on 29 and 30 July. Thereafter, collection botties were changed on
a weekly basis unbil harvest of the millet. Insect catches were taken back to the laboratory, washed
with water and stored in 70% ethanol while awaiting further sorting. :
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Direct Insect counts

Ornce a week, every field was visually inspected for the presance of Helfochellus albipunctelia (eggs
or arvas) as well as beneficial arthropods such as Alesia striala (Coccineliidae) . Thirty to sixty mitiet
nills, the number depending on the growth stage of the crop, were thoroughly Inspected, Hils were
chosen in & systematic way (e.g every Sth, 6th or 7th hill in 3 or 4 rows) in the centre of the plot. The
number of millet stems per observed hill was noted. Inadence was subsequently expressed as
number of insects per stem

Insect counts started on 20 August and continuad until just before harvest of the millet.

Pwasmsm'of Heliocheilus eggs

Once belore and twice after treatment, eqgs of Heliochellus albipunclalla were sampled 1o assess
the rate of parasfism by Trichogrammatoidea spp. On each occasion 10 millet earheads which had
emerged from the flagieaf but an which male fiowers had not yet or only jus? started flowering were
cut in each feld MHelocheius abipunciells onposiis on these just emerged ears belfore male
flowering. Ears wera individually pul in small paper bags and transported to the laboratory. There,
the contents of the bags were inspected thoroughly and any eggs found were counted and carelully
put in @ petd dsh, Subsequently, eggs were indhidually incubated in gelatine capsules at the ambient
temperature of the laboratory {26-31 C). After 3 minimum of 15 days, emergance of Heliochailus
larvas or Trichogrammatoides adults was scored under a slereo-microscope

Parasitism of Heliocheilus larvae

Depending on the stage of maturation of the milet ears two or three times after treatiment larvae of
Hedochedus abipunctella were sampled in each field. These larvae were put in glass pots at ambient
laboratory condibons, Every pot conlained a layer of shahtly moist soill and a number of fresh parts
of miliet ears which were slit open lengthwise to facilite access for the larvae. Larvae were transfered
to fresh millet ears every week These pots were observad regularly for emergente of potential
parasitoids until 21 larvae had eilher died or pupated. Living pupae were subseguently laken from the
soll and transfered to glass tubes, closed off with a piece of cotton, until adult emergence the
fotlowing year.

Incidence of stemborers

In the week of 15-22 QOctober. just after the harvest of ths millst by the farmers. 100 millet stems were
collected at random in the centre of each field and taken to the |laboratory. All stems were
subsequently dissecied (in the pedod of 24 October to 1 November} for presence of stembaorers, in
particular Coniesta ignefusalis.

Residusal populations in the soll

To assess | the leatments had had any effects on residual populations of Heliocheilus pupae in the
soil as well as certain nalural eneméies, soil samples were taken In all fields during the second two
waeks of November. Ton holes, situated on the two mediane, were dug in each field. Each sample
measyrad 50 ¥ 50 x 20 em (widlh x length x depth). The soil was sieved over a 1 mm mesh sieve and
all chiysalkds of H. albipunctalla, as well as cocoons of Cardicchiles sp. and M. albipunclalla larvas
mummified by Copidosoma sp. were collecied. Chrysakds, mummies and cocoons were put in glass
tubes closed off with cotlon and incubated at ambient laboratory temperatures untill emergence the
year after
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DATA ANALYSIS

Time series

The catches from the malaise traps result in short tme series of ten observations (over 10 weeks)
with an insecticice reatment during week 6. Such senes are too short to parform standard time-series
analysis, Therefore anaiysis of variance was chesen as method of statistical comparison based on
the BACI (Before-After-Contol-Impaci) principle (Stewart-Oaten et al. 1886, Underwood 1991),

All insect counts were transformed as In(count+1} to improve normality of data and homogeneity of
variances. For each block, the value of the untreated control was then subtracted from each of the
treatment values. This basically resulte in a2 weekly transformed insact count for the treatmant plot
comrected for control fluctuations (called here "efiect parameater” or EF for convenience). A two-way
ANOVA is subsequently camied out with as factors "block™ and "period” (= before and after
treatment), and using the E”s per week as replicates. One such ANOVA is camed out independently
for every post-treatment week, comparing the latter with the whole pre-treatment period. In other
words, what is being tested is if the effect-parameter in any week after reatment differs significantly
from the mean effect-parameter before. Since "block” is a second factor in the ANCVA, any variabelty
caused by block (=location) differences can be separated from the impact of the treatment. The
analyis is summarized below:

1. Effect parameter E° = In(reatment count+1) - In{contral count+1)

Tahla3.2. Diata to ba analysed (* = B2 for that week):
BEFORE TREATMENT AFTER TREATMENT
WEEK _NEEK
1 2 3 < 5 “n"
BLOCK
| - . . . . .
i . . . - . .
m . . . -
IV . . . . . .
Tabide 3.3, ANOVA
SOURCE OF VARIATION degrees of freedom
Subgroups 7
Block 3
Period (before - after) 1
Irteraction 3
Within (error) \6

In case of a significant period effect (streatment) as well as a significant interaction, ie, the effect of
the treatment depends in some systematic way on location (=block), the treatment effect s
apparently not "generalized” over the whole study area. Such cases will as a rule, conservatively, be
considered as showing no sffect of the treatment. When excepton is taken to this rule, this s
explained in the text
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In the case of the malaise trap data, a small number of "missing values” had to be accounted for (ie.
4 out of a totaf of 112 data points per analysis) These were non-valid catches, mestly collection
botties which had fallen. The mesing values were estimated using the method described by van der
Valk (1980), which calculates the means of the trends in catches in the blocks not having missing
values For the statistcal analysis. however missng value ostimates were considered as “real’ i .
the standard ANOVA procedures were executed, not correcting ‘or the number of degress of
freedom (Sokal and Rohif, 1881).

Other data sets

Whenever comparisons are made between data gathered at one specific point In time (e.g density
of eggs, percentage parasiism), Analysis of Variance (ANOVA), maostly following Randomisad
Complste Block Design (RCB), is used. Calcuiations are carried out by hand or using the MSTATC
(Michigan State Universaty) statstical package for personal computers, All analyses follow Sokal and
Rohlf (1881). Absolute numbers (#) are as a rule transformed to LN{#+1); all percentages (%) to
arcsnfsquare rcot (%/100)]. In ANOVA's without replication, Tukey's test for non-additivity was applied
to verifiy the assumption of additivity of the main effects (absence of interaction) (Sokal and Rohif,
1981)

After significant diferences are found in the ANOVA, separation of means Is done with Student-
Neuman-Keul's Multiple Range Test. This test is a relatively conservative one amaong the multiple
comparison tests. 1e. the actual chance of wrongly concluding that a differsnce between treatment
and contral felds exists is close to the intended error rate (in our case the expaniment-wise error set
a1 5%) (Jones 1984). Otherwise said, If we conclude that a treatment causes an effect, there is less
chance we are wrong.

Whenever data in the form of frequencies are pooled per treatment (1.e. data from the four blocks
within a treatrment are lumped), the G tee: of iIndepondence (Sokal and Rohlf 1681) has been used
1o test for differences between treatmants.

Type | efror levels (x) were sat at p < 0.05 (i.e. up 1o 5% chance of concluding (wrongly) from the
given slatistical test that the treatments do have an effect while in reality they do not)

Type | error levels of 0.05 < p < 010 will be considerad as a "strong Indicator”™ of & staustically
significant effect,

Meteorological data

Rainfall and minimum and maxmum temperatures were collectad at he Nioro du Rip laboratory
(Annax 3.2). Since rainfall tends to be localized, it may have differed somewhat on the experimental
plots. though showing a similar pattern.

Annex 33. shows schematically the development of the millet in the fields during the study pericd.
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RESULTS

Insecticide treatments

Details on spray parameters and results of the applications are given in table 3 2. All treatments, but
the ane of field 5, were carried out in steady winds varying from 1.1 o 2.5 m/s. In Tield 5 the tracks
had to be re-aligned during spraying after an impaortant change of wind direction had taken place_ It
does not appear (hal this has much influenced pesticide deposition, however (table 3.3). Wndspeeds
were somefimaes at the lower end of what would be considered ideal for ULV dift spraying, but never
dropped below 1 m/s. The measured arca dosages differed always less than 10% from the
recommended (nominal) dose rate for fenitrothion, and 0 - 18% from the nominal dose for
diflubenzuron. Calibration of the applications was therefore good,

Peslicde depostion on vegetation and cil-sensdive cards is shown in table 3.4, Droplet deposition on
the cil-sensitive cards is very variable. the Coefficient of Varation ranging from 40 to 120%. There
is no clear correlation between mean droplet density and initial residue levels. Initial residue levels
for fanitrothion are comparable to those reported by Ciss and Niane (1990) after experimentz| aerial
locust control treatments in northemn Senegal, but about 2-3 times higher than those measured by
Dynamac (1988) in Sudan. The latter diference may have been caused by differences in application
efficacy. nitial residue levels of diflubenzuron in all plots but field 3 are high relfative to thedr
application rate. They are comparabie, however, to the residue levels found by Ciss and Niane (1580)
after application on grazing land. Residues found on leaves were considerably higher than those on
millet ears.

Table 3.4: 1Al deposition of the insecticidas on vegeiation in the trealed plots. All samples for residoe aalysis were
taken 1 hour after treatment and were compoedles of @ Brge number of subsampies from dlferent locations
In the Neld (Gad 1993} Il senstve spay Carts measwed 5 x 1 om walues shown are means of 10

cards
T applied dome  initiel residuss mg g (resh spray card deposition (mean # dropsacm’
{ga.i/ha) _vegetation) 5.0
it esves miket cars vertical Forzontal
feniroton
1 485 875 - 16 10%) o1 [111]
4 455 89 23 34 (37) 106 [131)
410 nr 6.4 84 54 45 [35)
" 430 551 28 104 [41) 3315
anbenzuron
3 €0 a2 -
6 =3 &[T -
L] 50 M6 23
10 % 33 -
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Tabie 3.5 Treaiment parsmeters for the fiekds sprayed with fentrothion and diflubenzuran at nominal application rates of 450 g a | Ma and 50 ¢ @ Lha respactvey. Il appizations were carried
out with a hand-heid Micre-ULVA" splaning disk spreyer; track spacing was 10 m
e date of hour restricter  fiowrate rumborof  area volume ares temperatize (C)  relatve humicty (%) ﬁiwspeed imis}
treatrnent begir-end®  nozze (mmn)  passess trealed apphed dosa’ begn-end bagh-end Legr-end
(ha) (mi) gaiha)
FENITROTHION
1 128ep® 1647  omnge SO 8 099 54 285 33y 7% 1847
B 128ep ¥ 12 osange S0 8 13 1180 &85 32222 65-71 1471
o 11 SepH 15"1e® orange 50 17 1596 1273 410 2527 ' &a.82 1906
11 12 Sep L [ orangR S0 16 1868 1620 430 27 8578 1718
DIF LUBENZURON
3 14 Sep 9 15"1e" red 85 8 0.3 245 &0 3332 f9.71 1419
5 148¢p N 174100 red G5 1 1.56 1470 o 3327 7485 1,728
] 13Sep 9 o940 red 55 10 235 1607 S0 28-30 9353 1417
10 13 Sep 8! 11%12*  red 55 15 224 2010 55 31-34 &0-71 1411

' area dose rounded off 1o nesrest 5 giha
¥ Mb.MnMWWMMWhﬂhnw
2 data for begin and end of treatment _
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Insecticide persistence

For a number of lelds insacticide persistence was followed over time (fig.3.3). Fenitrothion residues
on millet leaves disappesrad rapidly. Gadji (1993) estimated a half-iife of 12 to 18 hours. Fenitrothion
residues on millet ears, though much lower Intially than on leaves, disappear more slowly, with an
estimated hali-life of 31-40 hours. Difiubenzuron persisted much longer, as was expacted from
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earfier studies. Half-ife on millet leaves ranged from 3 to 6 days. Only one estimate for difubenzuron
on ears was avaiable, its haif life calculated as 22 days. This latter value needs further confirmation
(see Gadji 1993).

It should be noted that these are total residues following extraction of the whole vegetation sample.
They do not necessarily reflect biological availabiity of these residues to non-target arthropods.

Arthropod assessments
Parasitism of Heliochellus eggs

To evaiuate if the treatments had an effect on the degree of parasiism of H. albipuntella eggs by
Trichogrammaloidea sp. only the data of the first sampling round after treatment are used {20-21
September). The second sampling round, at the end of September, ylelded very few eggs, since
most millet ears were in the matuation stage. Therefore, in all treated plots sampling was carried out
7 10 S days afler the pesticde applcation. Since this variety of millet takes approxmately 7 days from
fiag leaf emergence to first flowering, most if not all Hefiocheilus eggs were laid after treatment If
egg densiies (hosts) in the fields are approximately the same, any large differences found in degree
of parasitism are probably caused by unequal parasitcid densifies

Densities of H. aibipunctells eggs as well as the degree of parasitism by Trichogrammatoidea are
given in table 4,

Tabled.5: Egg densty of milet carhiead miner Hesochewus atipunciule on milel ears 7-9 days aVer spraying with
lacust contral pasticides. anc Incidence of parasiiam by Trchogrammalodes sp. afler incubation of
earheas miner eggs n the aboratary.

Trealment Numbsr of H shipurctels ajge per Degres of parasitien by Trichogrammatoides
10 millet cars (%)
Shock Block
! 2 3 4 mean 1 _2 3 4 [mean
FENTROTHION 65 30 28 a3 82 17 4 17 13
DIFLUBENZURON 4 63 0 22 38 5 ird 3 10
UNTREATED 2 44 0 114 60 4 7 16 12
meen 43 42 S 76

; mean of biocks 1.2 and 4 only
Stalistics for differences between treatments:
» ©gg gensty: ANOVA [(RCE, blocks 1 2,and 4 ony) p=076

* persectage parastan. ANOVA (RCD; blocks 1.2 and 4 coly) p=l 82

No significant difference was found in egg densities between freatments. However, a signifcant
difference between blocks exists as well as 2 significant interaction batween treatments and blocks
(man effects are non-addéve), The latter means that any effects of the treatments depends in some
systemstic way on the location, and is thus not generally valid. Since Block 3 obviously has a much
lower egqg density. it was omited from further analysis. This lower egg density & probably caused by
the fact that In 2 out of 3 felds the millet was already largely in maturation stage, Repeating the
ANOVA on blocks 1, 2, and 4 yields no significant difference between treatments nor blocks, and
fulfilled the statistical assumption of additvity of main effects.

Mean percentage parastism by Trichogrammatoidea vaned between 10 and 13 %. There was no
significant difference between treatments,

Incidence of Heliocheilus larvae in the fisld

Larval incidence of millet earhead miner are compared between treatments. For every field the
maxmum deneity of Heflochailus larvae obearved duning the weekly observations is given in table 3 6,
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Maximum counts were as a rule observed near the end of the maturation period of the millet ears (24
Sept. - 5 Ocl). Recruitment into the larval stage from the egg stage had almost ceased during this
penod, and was defintely very small compared to the exsting larval population. Larval development
is quoted to be 23-39 days (Gahukar et al 1986) and 30-35 days (Ndoye 1991). Since egg density
on 4 September was still very low, few larvae would already have left the millet ears to pupate in the
soll. The maximum density measured during the period mentioned above can therefore be
considered to be close to the real maximum density of Heliocheilus larvae.

Table 3.5 Mesrum density of larvae of Helochelus abipunciala in treated and Lrirested millel flelds Incidence is
eapressed 35 numbar of larvae counded per 30 millet hills.
Treatmant _#larvae /30 hils
Block mean'
1 2 3 4
FENITROTHION 199 261 83 167 172 »
sampling dale 04 Dot 30 Sep 5 Oct 50zt
DIFLUBENZURGON 58 57 v 47 @8 b
sampling date 28 Sap 30 Sep 26 Sop 5Cat
UNTREATED 151 24 53 83 | ¢
eamphng date 24 Sep 30 Sep 26 Sep 26 Sep

Stabistios for differences batasen bealyents.
» TRX. # larvae par 30 hils: ANOVA (RCEH) p=0 001

" means followed by tha same letler gre met significarsly dffarant (Student-Neuman Keu's Mutiple Rangs Test a»
0.05)

Maximum density of Hellochiedus larvae in the fenitrothion treated fiekds is almost double that in the
control fields, while the diflubenzuron treated fields contain about half of the control larval density.
These differences are highly significant. It is unlikely that this effect is caused by differences in egg
density or egg parasifism since these were found not fo differ significantly between treatmenis,

Survival and parasitism of Heliocheilus larvae

Mortality of farvae which were Incubated In the laboratory, due to other factors than parasitsm, was
very ngh, on average 71 % (but varying from 12 to 100%). This is quie probably due 1o the fact that
the pleces of millet sarns offered to the larvae were drying oul 100 rapidly and consequently larvae had
to be provided with fresh ones. This resulted in too much handling and probably an “adaptation
shock™ to new ears, No significant difference in larval mortality was observed between trestments,
but given the above, this conclusion is probably not very meaningful,

Of those larvae surviving unil the last larval stage, 0 to 26% were parasitized by Copidosoma sp. nr.
truncatelium (Table 3.7). Between 67 and 71% of these mummified larvae yielded Copidosoma
parasitcids during the rainy season of 1892, The number of Copidosoma adults emerging was very

- vanabdle, ranging from 18 to 390 per mummy. There was no significant difference between treatments
for any of the above parameters.

Of the wiable HeYocheilus chrysalids incubated at the end of the rainy season, adults emerged In 50 -
100% of the cases (tabie 3.7). No significant difference was observed between treatments.
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Table 3.7: Fraction of surviving ircubated larvae o Hedocholus alipunfelds parssitised by Copidosome sp nr.
trusclatelum, and resuts of Incubation of chrysaids of H. ablpuncials and is mummiied larvae. |

Treatmant % pamatzaton by Ermecged Hbochalus Fatched Copidosoma
Copidosama sp ' aduits as % of total live mummies a5 % of tota!
cnrysaiids incudated mummies incubated
Block Block Al Biocks combired
1 2 3 4 mem 1 2 3 4 mem
FENITROTHION 12 0 2 11 12 U T - - & &7
n 26 5 19 W 7 3 11 0 2
DIFLUBENZURON 14 22 7 3 12 80 S0 60 W 73 e7
y n 14 9 4 0w 4 1w M 3
UNTREATED 7 12 15 23 14 B8 100 &7 &2 83 )
n 185 17 27 30 [ 15 21 2 14

': percentage of total Hedochelus larvae sundving unti [ast instar

Statistics for dilferences betwean treatments:
» prcertage parasitism by Copidasoma ANOVA (RCB) p=0 86

_= percertage of visble chysabds yieiding aduts: ANOVA (RCB) p=0.84
Incidence of stemborers

The stemborers found in millet stems after the harvest were separated in two groups: Coniesta
{(=Acigona) ignesfusalis and "others™ (not further identified). In addition to the number of stemborers
observed, the number of holes in the side of the stems was also noted as an Index of stemborer
aftack, Table 3.8 gives data for all fields.

Differences between treatments in the above parameters for stemborer attacks ware not statistically
significant at the 5% level. However, there is a strong indication that the number of Coniesta is higher
in the diflubenzuron fields compared to the unireated control.

Tabde 3.8: Incidence of shemborers In milel stalks just after Kanvest for flelds treated with fenitrathion, dfubenzuwon

and untreated.

Treatment # holes / 100 stems # Corvesta / 100 ¥ othar stembaorers / 100 stems

stems
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Satistics for differences between treatments:

= number of holes: ANOVA (RCB) p=0.76

» number of Canlesta: ANOVA (RCB) p=0.10

» number of other stamborers: ANOVA (RCB) p=0.35

Residual populations in the soil

wmnmmwmmmwuwmwmofmmmw
as well as its larvae mummified by Copidosoma sp.or. truncatellum. Very few cocoons of dispausing
Cardiochiles spp. were found in the samples, and they are not further included in the analysis, In the
diflubsnzuron fields, the total larval population which attained the soil (chrysalids + mummies) was
significantly reduced (80%) compared to the control fields (table 3.9).



Table 3.3: Number of ohrysalide of Melochedus a®punstete and ils lanae mumimified oy Copsoma sp. e
fruncatefum in 10 samples of 0.25 m’ per field.

Treatven! Fohryealas /26 m’ N mummies (25 W totaé /2.5 m2
Bleck Elock maan”
1 2 3 4 mean' 1 2 ~ § 2 Tsean
FENMTROTHION 114 8 7 1S3 2 3 4 4 33 183 a
DIFLUBENZURCN & 1B 1 o 638 i) 2 3 3 2 €8 b
UNTREATED X 44 14 15 35 a 14 13 0 1 ! 318 &

Statistics for difaiences between treatments:

* number of cheysakds / 2.5 m*. ANCVA (RCB): p=0039
+ number of mummies / 2.5 m® ANOVA (RCB); p=074
+ nuinber of totat | 2 S m™ ANOVA [RCB); p=0 028

. means in the same cokemn folowed by the same lwler are not signiflcantly different (Student-Neunan-Keuls mullipe
range test; o=0 05)

To determine impact of treatments on mummification frequency, the different counts were pooled
per treatment. This was done given the often low number of counts per sample which would distort
mummification percentages if calculated and analysed on a per field basis. Two-way tests of
independence do not show significant dependenca between treatment and mummification frequency
for neither treatment (table 3.10).

Table 3.10: anammmummmwmmmmm
Counts per trestment ar@ pooked over 4 fiskds,
ITTITIES chrysalids total % i Gstatisic
FENITROTHION 13 ) 73 13 G+0,5 [p=0 44}
UNTREATED 28 ¥ 127 2
DIFLUBENZURON a = 3 24 G=1.64 [p=0.20]
UNTREATZD 28 9 127 psd
¥ Hexd a8 of tolal on ids + mum $oi

A numter of the collected chrysalids and mummified larvae were incubated in the laboratory. Table
3.1 lists the adult emergence rates at the end of October 1992, i.e. one year after sampling. Since
the number of incubalions per field was fow, they are pooled by treatment and emergence frequency

statistically analysed using a two way test of Independence. It is assumed that those chrysalids and
mummees not emerged after one year will not do so later.
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Table 3.11: Emergance fisquences of Helochaus albpuncias chiysaids and |ts larvas mummified by Coploosoma
Wmmemwwc milet flalds. Numbers per treatment ere pooled over
Chrysaids emerged not totad ‘S ememneance G-slaistic[sgnficance]
amegod
FENITROTHION L] i 34 4 G=0.40 [pe0 53
UNTREATED 14 33 47 30
DIFLUBENZURCN 7 4 11 a4 G=4.28 [p=0,033)
UNTREATED 14 Ex) 47 X
mummified larae emerged et total % emergerce
emelged
FENITROTHION 7 5 12 58 G=012[p=073
UNTREATED 16 2] 25 64
DIFLUBENZURON 2 5 7 2% G=2.80 [p=0.084]
UTREATED 16 9 25 64

Emergence of Hellochedus chiysalids in the diflubenzuron treated fields is double that of the control
flelds. Although this increase is statistically signifcant, it is based on only a few chrysalids There is
an indicaton that emergence of Copidosoma parasitoids in the diflubenzuron fields is reduced by
approximately 50%, but again this is based on only a few ndividuals. Emergence in fenitrothion and
untreated piots did not differ.

A summary of the fluciuafions in population dynamics parameters of millet sathead miner and some
of ils natural enemies which are describad above, is given In table 3.12.

Table 3.12: Summary af resuts lrom Heluchaius abpencieda dynamics and comments on valdiy of Inese 'esulRs.
mmaa ferikothion difluberzuron comments
difference ctatiskicsl differsnca from  stateshoal
fromcontral __ signficance  conlral signfcance
£Qg Incldence 3% rs 2% N peak cenary
eQg parasiism 4% ne A7 % ns eggs incubated
arval incidance <76 % il H0% g peakx denshly
adut emergence (from 2% ne A2% ns larvae Incubalec
ive cheysoasds)
parasitsm by copidos 4% ns 4% ns larvae incubatec
copdos. emerpence 4% s £% rs larvae ncubated
chrysald densty a0 % 5 5% » real deraty
COPICOS, MMMy S3% "5 T % " e censly
gensty
1ot larvae which 42% . B2 % % real density
gitanad the sub-s0l
parasitism by copidos 18 % ne 8% ns direct calculation
N NoUbABoN
acut ememence (from  -20% ns 113 % b chrysalas
e chiysaliae) incubated
copdos. emengence 9% as 55 % ns mummes




Malaise trap cotches
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Weekly catches from malaise trape in all felde were available for a period of § weeks before and 4-5
weaks after treatment (Annex 3.1). They ware sorted and identified for a imited number of taxa which
have known or potential functions as predators or parasitoids of millet pests or pests of groundnuts.
The latter are often grown in rotation with millet in this part of Senegal. Table 3.13 lists the identified
taxa, their hosts, as well as the total number of specimers sorled. All raw data are listed in Annex 3 4.

Table 3.13: Taxa identifiad in tis study and their hosts in mélat or grouncruts In Senegal, and v total Aurmber
identified per taxon over the duration of he siudy,
Taon class impatance {atal number sorted
{rounded off)

Diptera

Syrphidae: [scivodan predalor peaditors ol Gphids. obseryed on Aphie 3220

Jog/picus (Viedamann) craccivova, Rbopabantum maids
Senegal |1,

Asdhdae: total predator polyphagous predalors of & g 360
wuhoppcu apicoptera [1,2,3)

Bombylidse. Excprososs sp. predalor unknown for Sanegal/Sahel. Exaprosopa Kk

(probadly £ fricokyr Macquart) 1‘5 known to aftack grasshopper eggpods

Tachndae: Spec. 1 (possibly parashold Spac 1 tred ot of 4. abipanclels tavae 3000

Palexorsta sp., Is being [4); importance not clear

vensed)

Tachindae: total except for parasiaid attack several lepldopteran pests in 820

Spec. 1 SenegabSanal [1). -

Hymenoptera

Wgw peraanod attack many pests n Senegai[1,2.5}) 8000

pradator locally inpartant potinalons [9,10]
polnator
Sracondae: Cardlochiies spp paissiod Seceral wpecies of (he genus asltack /M. 600
and Haficoverpa armigers in

Senegai[1.6]

Sracondae: 'hal except pamasind atack many lepdoptecan pests In Senagal 650

Cardociwes spp, (1]

chrasumanidaa: total parasha Aack several lepidopleran pests in 700
Senegal[1]

Sphwcidae. Tachytes spp. predator specialel predators on 0
mymphs (3.7) Stalus in Sahed unmam

Tiphicise. Mesa =p. parasiiold afacks larvee of Scarabandae, T4
Tensbrionidas and Clondsidae [3.8)
s43tus In Sahel unckear

Refwrances: [1] Bhatragar 1987 [2] Grealhead 1063 [3] Borror et . 1068 [4] this study 5] Risbec 1660 6] Huddlesion
and Waiker 1938 [7] Bohast and Menics 1676 [B] Kirmsey 1691 8] Crane and Walker 1983 |10} Roobik 1689
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Fig. 3.4: Numbers of different baa of Dipters caught in masisise traps in the untreated control picts: a total Aslidas, b ischodon
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Ingacticica trastment All lagands sceerding 1o fig 3.47.
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Trapping fluctuations in control plois

All trapping data are expressed as number of insects caught per irap per seven days. In the few
cases that traps were in the field for longer or shorter periods, catchss were proportionally comrected
to & count per week. Abundance of insects in the traps depends un vanous factors, including the
insect's actual densdly, its actvlty, meteorclogical conditions, and trap placement (Muirhead-Thomson,
1891). Counts in traps such as the malaise trap will therefore further be referred 1o as the insect’s
"activity density”,

To assess the presence of the axa in table 3.13 potentally susceptibie to the insecticde treatments,
catches on the different untreated control fleids are shown in figs.3. 4 and 3.5. Obviously, absence
of susceptible Ife stages of a given taxon at the moment of treatment, results in absence of exposure
and any nseclicide impact is unlikely,

Diptera

Asiidae peak in the traps during the first three weeks of the stucy and may have been abundant even
previously (fig. 3.4a). At the moment of treatment these fies have almost completely disappeared
from the traps. This can be partly explained by the fact that asilid adults tend to emerge shortly after
the first rains. It is not clear, however, If the flies start avoiding millet fields bacsuse vegetation
becomes too dense for hunting, or because they have faid their egge and die off. Bhatnagar (1987)
obeaived peaks in malsise trap capturee of Promachus spp., a predominant asilid genus, late June
or sarly July In millet in central Senegal, while van der Valk (1990) found catches of Asiidae
diminishing considerably after mid-Augus! in semi-arid pastures in Northern Senegal. Given the fact
that Asilidae larvaa burrow In the soil, it is unlikely that any life stage of this group of predators could
have been exposed to the treatments in this study.

Exoprosopa sp., the principal Bombyliid fty caught in the traps, peaked from mid-August to early-
September (fig. 3 4e). At the time of treatment counts were already going down sharply. As with the
Asilidae, bomibyliid larvae burrow in the soil and are not ikely to be exposed to the treaiments. Larvae
often need repeated wetting from rain before pupation starts (Gresthead, 1963) which may explain
the later peak actvity density observed in the study when compared to the Asiicae. Exoprosopa sp.
was observed 10 be very active in miliet fields at the tillering stage, fiying low over the soil in between
the plants and making charactesistic "flicking movements" with its abdomen. The latter has been
described as lypical egg laying behaviour (Greathead 1963), Again, it is not clear If Exoprosopa
adults merely displace their activity from milet to other biotopes, or ff the drop observed in activity
densfy represents a real drop in overall density. Exoprosopa larvae ware reported being a predator
of grasshoppers in southemn Russia, Madagascar and Zambia (Greathead 1863), but no data on
hosts ara known for the Sahel,

Tachinidae “species 1" were not vary abundant until late September, whan millet was maturing (fig.
4d). A small number of adults of this species was obtained from laboratory incubated larvae of
Hefiocheilus albipunciella in 1992. H. albipunctella was by far the most abundant |epidopteran hest
available in the millet fields at the time of peak spec. 1 adult catches n the traps. Bhatnagar (1987)
regularly obtained the tachinid fly Paiexorista quadnizonuia Thomson from incubating late Instar
larvae of H albipunciella. He found this speces attacking several lepidopteran pests in Senegal,
including Amsacta moloneyi Drc. and Helicoverpa armigera (Hb.). Itis not yet clear If spec. 7 is the
same spedes as described by Bhatnagar. Insecicide freatments in our study could affect spec. 7 both
diractly as well as through mortality in its hest.

Other speces of Tachinklae were present during (he whole study period at varying aclivity densities
(fig. 3.4c).

Ischiodon aegypticus (Wiedemann) was by far the most abundant syrphid fly caught in the fraps.
Catches in the millet fiolds peaked during the month of September (fig. 3.4b). Syrphid larvae are
predators of aphids and L aegyplicus has baen reported attacking Aphis craccivora KOCH and
Rhopalosiphum maidis FITCH, localised pests of groundnut and niébé in Senegal (Bhatnagar 1987)
ischiodon scutelaris (Fabricius) has bean raported attacking at least 12 different species of aphids
and one spacias of Agromyzdae on a variety of crops in India (Fry 1989). However, no species of
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aphid nor Agromyzidae is abundant on millet in the study area, It seems most lkely that the adult /
segypticus found in the malaise traps were foraging for pollen (Greathead et al. 1990), Thair peak
activily deneity coincides with the flowering period of the milllet (fig. 3.4b). Egg faying and farval stage
of this spacies is probably linked with groundnuts, a crop widely grown in the study ares and rotated
with millet. In this respect it is worth nofing that in the control fioids #7 and #12, which have the highest
overall activity density of aduit | aegyphicus. more than 80% of the flolds bordering the trial field were
groundnuts, while for fields #2 and #8 this was less than 25%

In this study, adult Syrphidae may be exposed to the insecticides both through direct contact as well
as through ingestion of contaminated pollen.

Hymenoptera

Hymenoptera were present in millet during the whole study period in large numbers (fig. 3.5a),
Certain taxa within this order were followed in more detail.

The parasitoid family of Braconidae accounted for approximately 15% of the total Hymenopte

sample. Almost 50% of the Braconkdae consisted of Cardiochiles spp. (fig. 3.5¢) Several Cardiochiles
species are known to parasitize Sahellan lepidopteran pests: Cardiochiles saheiensis on H.
alhipunctella and Cardiochiles vanegatus on Helicoverpa armigera (Bhatnagar 1987, Huddleston and
Walker 1988). In this study some Cardiochiles sahelensis were caught in the traps, but the most
predominant species was C. punctafus andior C. tesfsceus (definitive identification pending). For
these species no hosts are known (Huddleston and Walker 1988) even though they are very regularly
encounterad not only in millet but also in semi-arid grassland in Senegal (van der Valk 1890},
Cardiochiles spp. were abundant in the fraps as of the start of September unti the end of the season.

Other Braconidae are lumped together, since no single species was caught in large enough
Quantiies to allow insecticide impact assessment (fig, 3.5d)

ichneumonidae, another group of parasitoids, were caught to a lesser extent than Braconidae {fig.
3.5b). They are considered here grouped on family level, since no single species was abundant
enough 1o allow pesticide iImpact assessment. Syzeuctus spp., described as a pnncipal parasitoid
of the millet stemborer Caniesta ignefusalis (Bhatnagar, 1987), was only encountered rarely.
Stemborer incidence in this area was low, however (see above),
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Mesa sp. (Tiphidae) was encountered regulérly in the traps (fig. Se). This species (or species
compiex) was found to be abundant in miliet by Bhatnagar (1987) as well as in seml-arid grassland
by van der Valk (1990), A computarized literature search did not reveal &ny data on host relationships
for this genus. Mesa sp. belongs to the subfamily of Myzininae, which are parasitoids of larvae of
Scarabaeidae, Tenebrionidas and Cicindelidae (Borror et al. 1988, Kimsey 1991), The first two
families of hosts are abundant as larvae in the sail in central Sanegal.

Tachytes spp. belong to the Sphecidse (subfamily Larrinae) and sre speciallzed hunters on
grasshoppers (Bohart and Menke 1976). They are mostly caught in the traps early in the study period
(August) (fig. 5). This coincides with the period in which grasshopper nymphs are most active in
millet, Tachytes adults build nesting chambers in the soi. Epgs are laid on the paralyzed prey which
the wasp brings into the nesting chambers (Bohart and Menke 1876). The importance of these wasps
In regulating grasshopper populstions in Africa is completely unknown (Greathead, 1863). Several
different species of Tachytes were abundant in the malaise traps, but given their simiar behaviour
and prey, they are considerad as one group for insecticide impact analysis.

Colecptere

The coccineliid beetie Alesia striata F. was counted weekly on millet during the miliet earhead miner
assesaments (fig. 4f). Adults started appsaring in the fields with the emergence of the millet earhead
and remained present almost until harvest. Larvae were first observed approxmately two weeks |ater,
Adults would often be found on the sarhead and seemed to be searching between the flowers,
Risbec (1950) reports that this spacies was very abundant on méllet in Senegal and attacked aphids,
We observed adult Alesis sfriata attacking young (st or 2nd instar) larvac of Heliocheilus
albipunctela, but we don't know if this is a preferred prey. Aphids were virtually absent on millat
earheads. Larvae were mostly observed on the leaves, and were very active during the day.

Of all the above mentioned taxa, the Asilidae and the Bombylidae cannot furthar be analysed
because they had practically disappeared by the §me the treatment was carried aut. For the other
taxa, potential insecticide impact will be analysed below. However, espacially in the case of Tachytes
spp. (Sphecidae) and the ichneumonidae, insecticide applications in this study were carried out
during a penod that these taxa appear not to be very active in millet.

Impact of the treatments on malaise trap catches

The average numbers of insects caught in the malaise traps for the two reatments and the untreated
controls are shown in figs, 8 and 7. Statistically significant effects are marked by asterisks in the
graphs. All differences in catches due to the treatment are in comparison to mean before-treatment
levels and take into account fluctuations in the untreated fields (see "methods” for more details).
Results are summarized in table 13. When, in this section, we speak of presence or absence of
effects, this always implictly means *as measured by malsige trap catches’.

Effects of fenitrothion and diflubenzuren on the dipteran taxa evaluated appears to be very small, Of
the three taxa for which susceptible life stages were expected to be present during treatment, only
a temporary increase In Tachinidae is observed There was no effect on the syrphid species,
Ischiodon aegypticus. This may have been becausa large numbers of Syrphidae were availabie in
neighbouring fialds, and this species rapidly re-invaded the treated fields,

No impact of reatments was discernible on Tachinidae Spec. 1. If indeed this species attacks the
millet earhead miner Hefiochellus albipuncielia, & may have been well protected as larvae inside its
host at the time of reatments, However, miliet earhead miner inckdence st the end of the season in
diflubenzuron treated fields was significantly reduced (lable 5). One would expect parasitoid actvity
density to be less with increasing host mortality. More data on the taxonomy and ecology of Spec. 1
are needed.

Total Hymenoptera calches are raduced considerably for the whole sfter-treatment period in the
fenitrothion fields, but were not affected by diflubenzuron. ichneumonidae were not sffected, except
in the fentrothion fields during the 4th week after spraying. It is not clear if this effect would have
persisted had the spraying been done earlier in the season
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The wasps belonging to the braconid genus Cardiochiies were affected by fenitrothion applications.
Counts in the traps were reduced 80% during the first two weeks after treatment and still 55% in the
4th week. The temporary Increase in the makaise tap calches in week 8 was caused by a single influx
of wasps in the trap of field 4 only. The ANOVA for this week also gives a significant Interaction
betwoen e effects of inseclicde and block, Because the other Selds did not show such an Increase,
the reduction of CardiochVes spp. after fenitrothion treatments will be considered to jast at least 4
weeks. This group of parasilolds was sgnificantly reduced in the dflubenzuron flalds only the dth
weex afler treatment. Other Braconidas, pooled at family lovel, did not seem 1o be affected by either
treatment, but pooling may have masked impact on indmidual spacies

The tiphild wasp Mesa sp. was greatly affected by fenitrothion treatments, showing a reduction of
90% owver the first 2 weeks after application. That iater differences between treatment and control
were not significant anymore was due to & decrease of the popuiation in the control fields rather than
an recovery in the treated ones. Diflubenzuron did not appear to affect this wasp.

Not much can be said about impact on the specid wasps belonging to the genus Tachyfes, No effects
were observed afler éithes reatment, but achity densities had already decreased considerably in the
control piots at the time of insecticide apphcation.
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Table 3.14: Surnary of resulis of the maldss trap catches and counts of beneficial insects.

Texon Susceptible fenttrothion diubanzucn remarks
present'
npact  mean % daration af mpast  mean % duration -
reducton’ effect! rad Letion of affect
QIPTERA
Asllcae no peaics early In season, virlually absest during treatmant
Exaprosopa sp no peaics early in season, very low catches during ¥ewrnent
(Dombyficien)
schvodon segypious yes no no probatly Migh imenigraon from N2Eoounng peanut Neids
{Sytphydas)
Spec 1 (Techinidag) yes no no passbly recrutment from protecied hos's in field
Techindae (ol except yes no Yoo 140 2 one week of sign Increase abserved, no sbvous explanation,
Spec 1) (ncmase) ek
HYMENQE LERA
Hyraenoplera [lotal) yes was 50 4 weeks no 0% decrease durng first hwo weeks afler 2oplcation of fenfirothon.
Ichneumonkiae yes yes 80 ah week no peak cylches sarly in seacon impast proanatly underestrmaied.
Cardlochves spp yes yes 5 4 wesks yes 5 4hweck  BO% decrease durng hrst bwo weeks aler appiication of fenlirotnion
|Braconidee)
Sraconvdae (al ecept ves no no
Cardiociies spp |
Mesa sp (Tiphidae) yas yes a0 2 wesks m steap natural popuation decline after freatmant: probably underestimation of
Tachytes spp yos ne m peaks bafore leatment, low numbers after reaiment: probably
(Sphecidas) underestimation of impact.
COLEOPTERA
Alesia striste yes no no high immagration from nesghbounng {pearul-jfiekds?
(Coccinellidae)

"+ It a suscepbbie fe stage of the 1301 is expacted 1o have been present during teatment * mWIMMMMMGMMthMMM
* corrected for control fluctuations. *. four weeks after treatment hervesting started in the study flelds and rappng wes
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DISCUSSION

Pest-pesticide-natural enemy interactions

In the intreduction we mentioned that the main objective of this study was to assess to what extent
nsecicide applications against locusts in millet could increase the likelihood of pest resurgence, For
a proper understanding of the value as wall as the iradequacy of the study methods used to attsin
this objective, pest-pesticide-natural enemy interactions will be briefly discussad

An insecicide as used in locust control may affect a pest - natural enemy system in various ways. It
could Kill part of the natural enemy population, This fmay or may not reduce mertality of the pest,
depending on the importance of the natural enemy i question as regulating factor, as well as on the
presence of other parasitoids or predators. For Instance, the place in the system which is freed by
killing paresitoid A may be filled up by parasitoid B, which never had a chance before to do so
offectively, and natural mortality of the pestis not aflected, The insecticide could also, and will often,
reduce pest densities or change their spatial distribution. This can affect parasitizaton or predation
rates both posttively as well as negatively, depending on natural enemy biology. Apart from lethal
effects, the inseclicide may have sublethal offects on longevity and reproduction of both pest and
natural enemy, effects which again can reduce as well as increase natural mortality in the pest and
densities of the pest. Croft (1890) and Elzen (1889) raview subiethal and indirect effects of pesticides
on nalural enemies,

it is easy to see that assessing the polential impact of an insecticide on the pest - natural enemy
System may be very complicated. Just looking for changes in trapping data, in parasitization rates or
in pest densities may not reveal real impact. Waage (1989) and Van Driesche (1983) discuss this
topic in more detall.

From the above it follows that the value of our malaise trap data (or from any natural enemy trapping
dats) is kmited with respect to being able o predict resurgence of pest pepulations. This is even more
so the case since the actual importance of several of the insects trapped in the millet ecosystem is
not well known, However, we can say for a gven crop thal resurgence or sacondary pest
development is more likely in areas with consistently lower natural enemy populations (although we

Assessing the degree of natural mortalty rather than natural enemy (activity) densities comes

a slep closer to our goal of assessing risk of resurgence. At least we measure an actual effact of the
presence of the natural enemy. The problem here is that in measuring such rates, for nstance
percent parasitism, we don't necessanly measure the real contributon of the natural enemy in
regulating its host. The pifalls of using such parasitization rates In the assessment of the importance
of insect parasitoids are discussed in a classical publication by Van Driesche (1983). The way In
which our study has been set up s inadequate for the real parasitization or predation rates to be
calculated. Many more sampies should have been taken, and more often. However, for insecticide
assessments sufficient treatment replicates are a principal requirement, The two questions, actual
importance of a parasitoid and the size of pestickie side-effects, cannal be

answered in the same study. The study would become too big to handie with the limied number of
personnel generally available.

However, if we only want to compare treatments rather than quantify natural mortality for each
treatment, errors made In actual parasitization or predation rates are probably less important. This
IS because, f sampling metheds and times are standardized. phenological biases causing such
errors can often be expected lo be equal across lrealments {van Driessche 1983)

are detailed life tables. Life tables describe the population dynamics of a pest. and include a
quantification of mortality factors such as natural enemies. The detalled biological and ecological
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data required do not yet exist for any millet pest, however, and it would take several scientists a
number of years of work to compile them, Waage and Mils (1990) provide an introduction to life table
analysis for evaluaton of pest-natural enemy interactions. Manly (1989) and Bellows et al (1988,
1602) recently reviewed this topic in detail and the reader is referred to these publications for more
information on the spproach,

Alternative o life table analysis, computer simufation studies could be attempled (e.g. Rabbinge et
al. 1989), but again the basic biological data needed for such an analysis are not yet availabdle.

Sa for the fime being the evaluation of side-effects of insectickies on the natural enemy -miliet pest
complex will necessarlly be of @ comparatve nature. A major effort will be necessary in basic
research on biology and population dynamics of millet pests and their natiral enemies if aver this
work can become really predictive (Incidentally, the same would be true for the introduction of viable
integrated Pest Management systems in millet in Africa).

Results of the study

Heliochellus population dynamics parameters

Taking nto account the above considerations, what can be concluded from this study? Whie
discussing this we will follow the life history of the milet earhead miner, our principal candidate for
resurgence.

Parasitism of Heliocheilus eggs by Trichogrammaloides spp. of was relative low. However, the
percentages observed with the techniques used in this study do not necessarily represent the real
levels (see above). No signifcant differences betwean the treatments were found on egg parasiism.
The rate of parasitsm is, apart from the density of the natural enemy, also influenced by the host
(=egg) density. Because no difference was found in egg incidence between fields. . is not likely that
this has played a major confounding role, however,

From laboratory studies Trichogramma spp. are known 10 be very suscaptidle to fenitrothion but
difiubenzuron does not cause much mortality al doses equal or higher than those used in locust
control (Hassan et al, 1987). The fact that no effect on parasitsm was found in the fenitrothion fields
may mean that the wasps successfully re-invaded the treated fields in the pencd between spraying
and egg sampling (approx. 7 days). If this was the case, it also means that fendrothion is only toxc
on millet earheads for a relatively short period. Trichogrammatoidea wasps necessarily come into
contact with sprayed vegetation while searching for host eggs. The toxic aclivity of fenitrothion on
folage under the condtions of this study has indeed been shown to be very short (< 48 hours) using
bio-assays with Bracon hebelor, a braconid parasitoid (van der Stoep 1893)

The peak density of larvae of millet earhead miner was halved in difiubenzuron fields compared to
the untreated controls. This is not completely unexpected, gven the mode of action of this Insecticide,
which disturbs moulting, and its persistonce on vegetstion. The effect was not only very significant
but also consistent over all blocks.

In the fields treated with fenitrothion peak densities were on average 75% higher than in the controls.
It ks not clear what exactly has caused this increase. It is not unikely that it occurred due to a
reduction in the natural enemy poputation According to our present knowledge the main natura
enemies of the larval stages of millet earhead miner are Bracon hebelor, Cardiochies sahelensis
(both braconid hymencpterans) and a tachinid fly, Palexorists quadrizonuls, Furthermore several
hymenopteran predators have reguiarly been obsarved attacking the larvae (table 1), Hymenoptara
as a whole were found to be markedly reduced in the malaise traps for a prolonged periad after the
fenitrothion treatments, and this was more specifically the case for Cardiochifes spp, However, few
C. sahelensis were captured In the traps and very iitlle diapausing cocoons of Cardiochiles were
found In the soil after harvest. This places some doubt about their importance as parasitoid of
Heliocteilus during this study. Bracon hebetor was aiso found rarely in the malaise traps, but this is
quite certainly so because the irap is not appeopriate for monitoring this species. No large reductions
in catches of Tachinidse were observed ether. This |eaves us with oither Bracon hebefor ar
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hymenopteran pradators, rather then parasitoids, which may have been mosily affected, We have
some indications, both from laboratory experiments and from monitoring of normal field applications
by the Senegalese Crop Protection Service, that Bracon hebetor may aclually be affected by
fenitrothion treatments (van der Stoep 1983, Béye 1993). This has not yet been shown in well
controlled fieid experiments, however

Whatever the explanation, the increase in milet sarhead miner peak densty in fenitrothion fields s
both very significant and oceurs consistently in all blocks:

Assuming that no mortality has taken place in the soil before sam plirg, the total number of last instar
larvae which has reached the soil for pupation s represented by the number of chrysalds, larvae
mummified by Copidosoma, and coccoons of Cardiochiles. The latter were virtually absent during
this study. Combined chrysalid and mummy density was reduced both in fenitrothion and in
diflupenzuron plots. For the latter mseclicide this seems to correspond with the reduced larval
incidence, However, in fenitrothion fields larval incidence was considerably higher than in untrested
ones, We cannot explain this apparent contradiction. Sampling ermor may have played a rale
aithough it should have been similar over all plots. Although sampling error will influence the valigny
of & given density, it would have much less influence on ratios between tfreated and control plots
which we have used,

No effect was observed in degree of mummification when expressed s parcentage of total chrysalids
plus mummies in the scil samples. This shows that the insecticdes apparently did noat have an effect
on the development of Copidosoma sp. nr. truncatollum while inside its post a1 least umil
mummification. Note that the percentage mummification used here & not the same as the aciual
degree of parasiism which should have been expressed as percentage of the egg density since
Copidosoma oviposts in the eggs of Heliocheilus

Emeargence of Heliccheilus chrysaids collectad from the soil while in diapause was not afgctad »
fenitrothion fields, However, in diflubenzuron fields moth emergence rates were doubled This may
ke expiained by a sort of selection pressure by the insecticide on Meilocheilizs those larvae which
succeed in surviving unlil the cheysald stage in spite of the pressure by the IGR are “fiter” than the
average larvae winch have not been exposed. Therefore, relatively more alss survive the chrysszlid
stage unili emergence. That the same does not seem 10 occur in e lendrothion fields may be
because larval mortality, and thus selection pressure, was much less pronounced. Although thas.
explanation may be plausible, it is by no means necessarily the rmghtone. For cae thing, numbers of
chrysalids and mummies collected fram the diffubenzuron fields was very low This point needs
further clarification.

Emergence of Copidosoma adults from incubated mummies was not niflueaced by fenitrothion
There s an indication in diflubenzuron fialds, however, of a 503 reduction in adull emergance Again
numbers colleciad were very low. If this is a true effect, however, it suggests that diflubenzuron exerts
an effect on the development of parasitoid larvae inside its host. Such sn ndirect effec) by
diflubenzuron has been observed for other parasitolds before (Croft 1950)

We can now combine residual densities in the scé with the data on emergence 1o estimate initial
densities of adult moths and parasitoids the year after treatment (fig. 8), These estimates supgest that
for both treatments approximately half the number of moths would emerge compared to the
untreated fields. The reduction in abundance of Copidosoma parasitoids is much higher, however

From a biological control point of view it Is nat only the number of emerged host or parasitoids pes
50 which is important but their rabo: Dees the insecticide treatmen! Influance how many hosts will be
avallable per parasitoid in & next generation? If we compare the number of mummified larvae
(Copidosoma parasitoids) per chrysalid (hosts) collected from the soil no large differences are found
batween treatments (fig. 9a). However, if we include smergence rates of both species. the picture
changes dramatically ifig Sb), For every Haliccheilus adult expected to ermerge the year afies
treatment wih dflubenzuren we find a 75% raduction in number of available Coprdosoma parasitoids,
This suggesss that parasitism rates by Copidosoma will be lower in the year following treatment.

itis uniikely, however, that the reducion in Copidozoma will increase Hellochellus larval densies the
year after treatment because this parasitoid only kills last ingtar lsrvae, when the damage weuld
already be dene. Any effect from diflubenzuron as nbsarved in this study would only manifeet itsol!
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two years after freatment. In the treatment year sunvaval rates of Copidesoma would be affected. in
the year following treatment there would be reduced parasitsm Dy Capidosoma, but no effect yel on
Hellocheilus larval density and hencs no mcreased crop damage would be found. Finally, in the
second year after treatment an increased host density would be obsarved, followed by increased crop

damage.
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Fig. 3.8: Eastimated number of emesging H. amipunciels and Copiaasomes MUmImies pee 100 117" the year afler freatment with
tenitrothion of diflubenziran and in untrealed conrel felds.

Although this scenario s biologically quite possible, we are obviously entering the domaine of heavy
speculation. Given all other mortalty factors and the effects of immigration of parasifoids from non-
treated areas, it is not possible to predict such effects with any degree of carainty. Multi-year field
trials or, when more biological data become avaitable, computer simulation studies may clanfy this.

The example above does show, hawever, the complexty of studying insectickde impact en the effect
of natural enamies of crop pests.
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Trapping data

The malaise trap data show a clear differance in impact caused by the two insacticdes. Catches in
several groups of Hymenoptera were reduced considerably after fenitrothion applications. The major
braconid genus, Cardiochiles spp. and the tiphhid Mesa sp. were especially affected. Dilfubenzuron
Uid not show reductons in catches of natural enemies, except for Cardiochiles spp. at the very end
of the season. As discussed abova. the Impact on captures of certain Hymenoptera sesms to
cotrespond falrly wall with the effects observed in Heliocheilus population dynamics, Van der Valk
(1980) observed large reductions In Bracondae after fentrothion and diflubenzuron applications in
semi-arid savanna in Northern Senegal.

The shght impact observed on Dipterg js remarkable, In some cases this was probably because the
taxa were no longer present at the time of treatment, This is the case for Bombylidae and Asilidae,
which were greatly affected by fenitrothion in the semi-arid savanna m northern Senegal (Van der
Valk 1990) In others, the ahsence of effects may be explained by either an inherently lower
suscepitity or a rapd recolondzation of the treated fields. Metasyrphus corollae, a syrphid fiy which
is standardly tested for pesticide side-effects was considered as one of the mos! susceptible
"standard test species” (Croft 1990). although often the larva rather than the adult is exposed to the
pesticide. Similarly, Hassan et al. (1 987) report 50-75% mortality in another syrphid fiy after
treatmen's at 330 g a.i/ha of fenitrothion in Europe. Therefore. larger scale locust control treatments
using fenitrothvon, which would in Senegal almost always cover both millet and peanut fields, may
cause much more Impact on syrphids than this study suggests.

Data which Croft (1990) presents on several species of Coccinelidae suggest that the siight impact

observed by fenitrothian in this study does not comespond with the literature. Hassan et al. (1987)

found fenitrothion to be harmiful to coccinellids In the field, but not diflubenzuron. It is not clear if

Alesia striata is a relatively non-susceptible species o if recovery after treatment was very fast. Ina
- future study, adult and larval counts nead to be reported separately.



94

Future research

Even though the present study has been relatively detailed, a large number of questions remain to
be answered.

It needs to be confirmed that those effects cbeerved, ss well as the absence of effects in other cases,
occur consistently under similar situations. This would require similar studies to be repeated. It has
also become clear that specific natural enemies are present anly during fairly limited periods in the
rainy season This study simulated spraying during the maturation period of the millet grain, as it
occurs widely against grasshoppess and locusts. Other periods in millet development which are oflen
treated because of susceptibility to grasshoppers are the emergence and tillering stages. The
trapping data clearly show that eary sesson applications will expose very different groups of
beneficials to the insecicde. It is not clear to what extent this may affect the likekhood of resurgence.

Insecticide impact can be divided into two stages: the infial effect of the insecticide (e.g. percentage
reduction n density directly after treatment) and the duration of the effect (e.g. the time needed for
populations to have recovered to pre-treatment ‘evels) This study has assessed initial effects as well
as recovery. The latter was measured over the remaining part of the millet growing season. Recovery
is affected by Ife-history traits of the species (e.g. dispersal capacity) as well as by the scale over
which it has to take place. The larger the area which has been depleted from a certain species, the
longer it generally will take for recovery to take place (Everts 1983, Jepson 1888, Jepson and
Thacker 1880, Duffield and Molfat 1991). In our study, sprayed fields were smaller than what one
would normally encounter in locust or grasshopper conirol. For certain species recovery after actual
locust control treatments will take more time than cbsarved here. it needs to be assessed in what way
these spatial aspects can be included in the study of the risk of resurgence. Quite certainly more data
regarding dispersal capacity of the major natural enemies in millet will be requred,

With respect to the methodology used we suggest a number of changes Even though this means
a considerable increase in the workioad, a more frequent sampling pattern for the different
Hetiocheilus stages will facilitate later interpretation of the results. Similarly, doubling the number of
malaise traps per field will probably reduce interplot variabilty and allow for better separation of
treatment effects. The mpact of the treatments on Bracon hebefor needs to be assessed. Activity
densiies can be measured using yellow sticky traps (Bhatnagar 1987) Actual density of B, hebelor
cocoons can be fairly easily determined after harvest of the millet (Beye 1993) which would give an
exact measure of generational mortality of Heliocheilus by this parasitoid, There s an urgenl need
to develop a good laboratory diet for H abipunctela, Without such a diet a proper evaluaton, through
incubation, of mortaity of larvae caused by parasitoids is all but Impossble. Simpie artificial diets
need to be tested on millet head miner.



CONCLUSIONS

Fenitrothion applied at approximately 450 g ai/ha on maturng millet considerably reduced
populatons of Hymenoptera, in particular the parasitoids Cardiochiles spp. (Braconidae) and Mesa
sp. (Tiphiaae). Recovery was not complete at harvest, the end of the study. Coccineliidae and
dipteran natural enemies were not affected. No reduction was found in natura mortality of M.
albipunctalia eggs. Probably the most important cbservation was a temporary resurgence of H.
albipunctela larvae, amounting 1o 8 75% Increase in larval peak density, in all fenitrothion treated
plots. No effect was found on emergence of diapausing millet head miner chrysalids as well as of
Copidosorna parasitoids the year after traatment. Initia! densities of emerging Heliochelus moths the
year after treatment were estimated to be lower than in untreated control plots.

Diflubenzuron applied at approximately 60 g ai/ha did not cause any reductons in natural enemy
taxa monitored by malaice traps, excopt the braconid parasitoid Cardiochiles spp. The latter was
affected at the vary end of the growing season. This insecticide did not appear to cause & reduction
In natural mortality ~f H aibipunctella eggs. A 50% reduction in peak density of HeNocheilus larvae
was observed in difiubenzuron freated fields. A 110% increase in Holiocheilus chrysalid emergence
as wel as a 50% redustion in Copsdosoma parasioid emargence was found the year after treatment.
These twa effects combined would result in a 75% reduction In the number of Copidosoma
parastoids avislable per emerged millet head miner the year ater traatment, when comparad to the
unreated fields Inital densites of emerging Heliocheilus moths the year after treatment were
estimated to bz lower than in untreated coritrol plots

A namber of taxa of heneficial arthropads has been sdentifed which may be affected by lreatments
Caned oul earher in the Season
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ANNEX 3.1: Trapping scheme and week codas for the malaise traps and divect insect counts,

WEEK CODE PERIOD

B-14 August

Q@A O N B =

- O

3-9 October

1-7 August 1991

15-21 August
22-28 Augus!t
29 August - 4 September

{reamems’) 5-11 September
12-18 September
19-25 Saptember
26 September - 2 October

10-16 October

gl treatments ook place from 11-14 September; week 7 s after reaiment for ail fields.

ANNEX 3.2: Rainfall Niore during the ralny season of 1991

70

rainfall (mm)

July

1 7 14 21 28 5

Augus!

Seplember

T-min — T-mox

Dcicber

1219 26 2 9 16 23 30 7 14 21

10

termparature (C)



ANNEX 3.3: Schomatic approximate development of the mdlet in the study fields in refation to the
trapping weeks

tienng panicle flowering maturation
axtansion

week No, 1 2 3 4 5 6 7 8 9 10

August September October
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ANNEX 3.4; Numbers of insects caught in mataise traps In millet fleids. Shaded numbers.
rapping disturbed

Nuro du Rip 1831
Euwm AL HYMENGS TERA
WEEK ' 2 s ‘ 5 “ T 8 9 " " e
wostwert
FIELD INEATNENT
1| FENITROTHION 15 ) = % 24 41 1 1
4 L e wn © -] L ”
) 0 ® & s 0 1? s
1 k] w Al L] ] 5 3 2t
mrean =ms s 53 23 25 o 0 a3
3| DFRLLBENZURON 15 b7 " £ < 18 Q
5 @ 10 74 £ 5 » n x
Al 94 mnw - 199 2 a7 &3 o
" & s & «© 51 % = 2
-ar ®6  SED 1930 A 1S 10  s33 w0 wE 220
2| UNTREATED) a 14 LTy LU 1 & niEms
o o e wm w ” £ 10 62 b3 Q 8
) 5 14 W06 s & % 9 2 @ o
n na " 32 148 et 135 135 "e "2 n
Tear 7S 15 133 w8 1180 1123 X0 mE K5 84)
::»W [raral
WEEK! \ 2 3 4 . 3 1 3 o © 1" b
Veddment
FELC  |TREATNENT
1 [FENTROTICH ' ¥ ? ' 3 o z 3¢
¢ 4 5 1 2 0 1 o
s r 4 5 3 0 1 k4
n 1 1 4 1 ] o 2 2
| mea 4 I 30 15 as us 20
3|0FLUBENZURON 1 1 5 1 ] s 2
s r & 2 3 s e L] «
) 1 11 s 2 ) L Oﬂ
10 " 4 Q 4 1 1 ] 0
an uo 3 258 23 19 00 S48
Z|UNTREATED 3 2 2 3 4 2 RS »
& 3 s (] 7 ’ b} 3 » =
? E] ¢ B o < L L %
i 22 4 ‘. ] c 18 2 108
e 30 53 4n 85 50 50 a8 120 M3




Roll

"

102

OCHILES 5FP.

L)
&
13
15

288]
1

ne@; 8088y . WRRAg ResAg ev8ly g52g

2 w 3“ o ”

o
]
15
2
°
33
?
70
2
3
2

n

~MOoOvrm N ey n =3 W
nwe«O0O SN -No v oewn
e v M‘aNﬂ- = ¢ - b
(=]
-
T 9T 9o o - v . ~ &, “w
o = &2 R3 2 bt il 120...“ 2!00“
-
)110” ‘\v‘.’“ 90“”“ 'c’nvm s'_l‘“ ‘3:““—
-
-
A N 3 MO OO o0 e
> - o 2“ 4?'”“ 01”3” 7ﬁ'ﬁM-
-
-MNm -
. I.nnk m “’mnm_
-
"3
™ ey w noe e MmO N®
- - - 9 5‘55“ ’a"en s:wan
v b
= - -
v R
-
- 0 o
ez
-

-
o

cSe~nS O w0 o -
o -

coCc~0On cCerwew

0s
2
23
d4

18
SFECES LUMFED EACLUOMNG CARDIOCHILES SPF

TREATMENT

ANNEX 3.4 (continued)

FIELD

1 [FEMTHOTON

lﬂﬂ\l meeg

mae
ik
()
2 [UNTREATED
lireen
WEEX
FIELD TREATNENT




103

ANNEX 3.4 (continued)
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ANNEX 3.4 (continued)
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ANNEX 3.4 (continued)
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CHAPTER 4 :
Impact of fenitrothion applications on natural
mortality of grasshopper eggpods in Senegal
(1991 treatments)

INTRODUCTION

Locust and grasshopper eggpods in Alfrica can be subjected to large natural monality caused by
arthropod predators and parasitoids, Percentage mormxiity caused by natural enemies varies
according to country, type of habitat and species of grasshopper studied (table 4.1).

Table 4.1: Some exampies of natural mortainy of grasshopper egapeds in WesthAlnca.
Country ___ Species % Moty Principal agent Author
Mal, Niger  Odeeleus senegalensis 43-77 Tenabrionidaa Popor 1880
Mall Odasieus senegalensis 40 - 80 nat detarmired SNPY 1320
i 0-30 not dtemined
Niger Odesleus senegaienzs ®N-70 Borrindicee in Popov ol al 1960
Maii Locusta migratona 13 Scalionidae in Popov et al. 1960
al Kraussania 0.43 not dsterminad and 1982

Insecticide treatments against grasshoppers and locusts may kill predatory or parasisc arthropods.,
This could result in a reduction of natural mortality of eggpods and subsequently increase of
grasshopper populations the following season.

This study Investigates the effects of regular, non-experimental, fenitrothion applications against
grasshoppers on natural mortality of eggpods in central Senegal.
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MATERIALS AND METHODS

The study area

The study was carried out in central Senegal, within & triangle formed by the towns of Kaffrine,
Khelkom and Koungheul The area consists to a large extent of grazing land interspersad mainly with
rainfed agriculture (pear! millet, groundnuts). Annual rainfail in the zone varies between 150 and 600
mm.

General study setup

Nine insecticide treatments against grasshoppers carried out by the Senegalese Crop Protection
Senice were monitored in detail with respect fo principal application parameters. Treatments were
camed out according to normal CPS practice and project staff did not intervene in this respect, The
boundaries of all spray blocks were marked with white paint to faciitate them being revisited after
several months, For every spray block a non-treated control area of approximately 4 ha was
identﬂedasclosclomesprayedareaasposeiblobuulwuysstlesaSOOmfrommenoarestedge
to avoid possible contamination by drift from the treatment, Table 4.2 gives the location of each block.

Table 4.2, Location of study areas.
ik Location Coordinates Descriplion
I Kneicom 14534 1 15°2TW grassiend with amall shrubs
.ll ¥helcom 14" 32N/ 15"28W grassiancd with small shreba
1l helcom 147 3UN /1S 28W Qgrassiand with =mali shrubs
v Kheloom 4EN S BW grassiand with emall shrubs
v Santiou Paté 13NN 130W culfvated fieids (millet maize) and falion
vi Kakaré 14" 17N/ 15°30W culivated Selds (mille, peanuts) end faliow
vil Guanté Palé 147N 14%65'W cutivated fields (milel) and faliow
Vil Thioyéne 141N 14'S4W &m flekds (mitet, makze, serghum) and
x Knays Boubou WA 18 arW CUTTNALEg Nehls (s bt and Teiow

All eprayed blocks and their paired controls were visited mid December and detailed grasshopper

surveys camied out. This was 2.5 to 2.5 months after treatment and about twoe months afler
the last rains in most zones. Blocks |, lll and VI were visited a sacond time in June 1902, Percentages
destruction of eggpods by natural enemies and densites of some groups of natural enemies were
recorded,

Insecticide application

All treatments were carmed out with the insacticide fenitrothion (Sumithion L-50, Sumitomeo Chemical
Corporation) In a 500 g ai/l Ultra Low Volume formulation. The pesticide was applied using a
Berthoud Super Puma sprayer, mounted on a small Unimog truck. The sprayer is of the airblast type.
The spray head was about 3 metres above ground level, The drop spectrum for the sprayer at the
operating seftings was not known, but given the type of atomisation, it can be expecied to be fairly
wide.

In all cases the volume of pesticide at the start of the treatment and the volume left aterwards were
measurad back to the nearest 5 litres to allow for an estimate of the total volume applied. For blocks
HV the size of tha spray blocks was measured; for blocks V-IX this was not possible and the surface
area treated was estimated based on mean vehicle speed, total time spraying, estimated mean track
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spacing and number of tracks, Area dosage was calculaied based on lotal volurne of formulation
applied and the estimated area reated,

Alr temperature was measured at the start and end of the treatment using an aspired psychrometer.
The range of windspeeds was measured during one minute at the start and one minute at the end
of the freaiment, wih a cup anemometar held at approximately 1.75 m above the ground.

Grasshopper densities

Grasshopper densities were estimated for the predominant specles In the blocks. Numbers of
grasshoppers were counted in ten visualized 1 m? quadrats in the centre of each block. This was
cone just before the treatment. Numbers of live and dead grasshoppers were counted in ten 1-m2
quadrats two to four hours after each treatment 1o aliow an estimate of acute mortality. During the
last week of October all plots were visited again 1o assess reinvasion of the piots,

Soll sampling

Sail samples were taken to assess grasshopper eggpod densities, level of eggpod natural mortality
and presence of cerain natural enemies. This was done in all blocks during the first half of
December 1991 and was repeated In blocks |, Il and VI at the baginning of June 1882, No other
blocks were sampled in this second round because of an early start of the rainy season in the area.

Dunng the first sampling round, on each of the paired plots (both treated and untreated) a total of 80
soll samples were taken. Each sample measured 50 x 50 cm and was 20 cm deep, Of these
samples 30 were situated under trees, 30 under and around bushes and 20 in low and open
vegelason. Samples were layed out on 1 median and 2 diagonal transects in the central hectare of
each plot,

During the second sampling round 40 samples were taken per plot, only under trees and shrubs. No
sampling was carried out in bare soll since low eggpod densities were found in this habitat during the
first round {see results below).

Every sample was carelully examined for grasshopper eggpods and certain natural anemies. Al
eggpods were counted and classified as “infact” or "damaged”. The latter comprised both damage
done by the predators such as larvae of Tenebrionidae which desiroy a large part of the eggpod wall,
2s well as subtle damage such as small holes bored by certain fly larvae. Eggpods mechanically
damaged by the digging were inspected for evidence of predators and if this was not present the
eggpocs were classified as “intact”, Natural enemies of grasshopper eggs such as Pimela
senegalensis (Tenebrionidae) and larvae of Bombylikdae were counted whenever present in the
sample.

Statistical analysis

All siatistical comparsons of maans between paired control and treated blocks were made with
paired Student tests, after verifying for homogeneity of variances. Percentages were as a rule
transtormed using an arcsine transformation to improve normality of the data. Comparson of the
linear regression coafficients was done by the Tukey-Kramer method (Sokal and Rohif, 1981). Powsr
analysis was carned ocut according to Fairweather (1991) and Steel and Torrie (1980).
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RESULTS

Pesticide applications
Details of the pesticide applications are summarized in lable 3.

Treatments in block | to IV were made under ideal meteorological conditions. Temperatures were
below 30°C and windspeeds were above 2 m/s, Windspeods during the last § treatments were
somewhat lower, although sfill considered acceptable for ULV drift spraying. However, togsther with
the higher femperatures during application, this may have resulted in slightly less daposition of the
nsecticide on the vegelation on these plots

Table 4.3: Appication parametens for the dfferent sprary biocks.
block cate of hour lemperature wincspeed  wvolume arma dosa appled
testment  start - end slart - end {mis) sppliect ()  treated  (gmatha)
('C) (ha)

I 2600491 0945-1025  25-28 2.4 100 40 1250

[ 26/08/99 10:40 1100 28.28 3-4 50 30 <]

I 2608/9 12001220 29-29 3-5 50 25 1000

v 26/08/51 18151860  29-29 3-4 50 0 L]

v 500! 08:50 . 10.45 ‘ 1-3 200 165 £05

v 17081 17.20-1825  33.34 1-258 100 o0 555

Vil 2506051 06:05-0845 30-3 1-3 - 42 200

Vil 2600091 0850-0920 31 -3 1+2 28 *x 360

IX O4/10/91 . 1-2 20 28 360

The nominal application rate for all reatments was 350 g a.i/ha or 700 mi formulation/ha. As can
be seen from the estimated actual dose rates, the appoomate nominal dose was only applied in 3
out of D cases, Actusl rates veried from 85 % to 380 % of the ntended rates, the average applied rate
baing Wwice the intended. This deviation was probably caused by insufficiently calibrated equipment
and application practica,

Control efficacy and residual grasshopper populations

Almost all grasshoppers in the treated plots were in the larval stages, varying from 2nd to Sth instars
(table 4). Odaeleus senegealensis was the predominant species, followed by Kraussaria angulifera.
NMortalty directly after the treatments varied from 88 % to 98 %. The higher dose rates did not result
in @ higher mortaiity. By the end of October, approximately one month after the last considerable
rains, resdual populations consisted manly of O. senegalensis adults and Kraussana spp., most of
which must have flown In from outside the plots. Densities of grasshoppers at the end of October
were not signifcantly different in paired trealed and control plots (p= 0.18; paired Student-t tast),

Since at the time of the treatments most species were present only as larvae, it is most likely that the
subsequent immigrant aduts were responsabla for the ovipesitad aggpods which were found during
the eggpod survey. Although eggs in diapause of 0. senegalensis can stay viable for longer than one
year (Cheke, 19%0), it is unlikely that this s the case given that sufficient rain fell in the area in 1891
for normal hatching. Therefore, mest if not all eggpods in both the treated and the control plots are
expectad to have been laid afler the dates of the treatment. In treated plots they were thus subjected
to natural enemies which either survived the treatment while being exposed, or were protected from
the spray (eggs or larvae in soll, for instance), or immigrated into the plots afterwards.
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qule: Grassahopper densities and corirol efficacy In the spray blocks,

Block  Date Densly predomi Alar ARer Maortality Denstyend  Predominant
before noot treatmart.  lrealment. (%) af species
treatmand  species # deadir®  # aveimy? October [staga)

() [stade] (#imf) (treated!
(reated/ conlrol)
conbol)

| 80891 68 OSE KAM 64 3 95 -96 4/8 OSE [ady

fl OSE [ad)
Il w0088 32 OSE KAN 14 2 £8-94 e OSE [ag)y
i OSE ONI fag|
n 280897 35 OSE KAN 25 1 8697 4/4 OSE [/ OSE
m 17
v 2039 31 gss.nm 18 2 20.94 - -
v asoant 37 KAM KAN 34 2 0. a5 6/6 OSE ONI %Y
m OSE,ONI KA
N7
Vi 7oaet 24 OSE KAM % 1 96.08 4/4 OSE KAM
KAN [oa] [acy
OSE XAM
[=29]
Vil 2[0089 7 OSECONI] 27 1 96-97 [RE R OSE XKAN
(a3}
QSE ¥AN [ad]
vin 200amt 18 OSE xAM 7] a5 98- 87 asn QSEONLHD
m A [acy
OSEXAN.
CCY [ad)
X o410 — - - - ] asns QSE [7) 038
(eslimaty 7
on
subjectv

&)

OSE: Odseleus senegalensis, KAM: Krausells ametsle, KAN: Kraussaria anguifera, ONI- Odaniaus nigaiansis, HOA
H 3 ifesus. adustes V) arves

Impact of the treatments on eggpod natural mortality
All raw data are given in Annex 4.1.
December 1991 sampling round

A total of 3275 eggpeds were collected and examined for natural enemy damage. Eggpod density
varad from 3.3 10 21 pods per square meter. On average eggpod densities in the treated blocks
were 1.2 eggpods per square meter (or 14%) lower than their paired controls. This was not
statistically significant (p=023; pairad Studentf). The treatments in August and September
therefore did not have any iImpact on residual eggpod densfies at the end of the season. Far more
eggpods were found under trees and bushes than from open micro-habilats (§g 4.1).
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In December 1941, eggpod mortality caused by natural enemies varied from Bto 51 % (fig 4.2a).
An B84 %, mmww significant, increase in natural mortality was observed in the lreated plots
(paired Student-t, p=0.014).
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A total of 472 eggpods were collected from 3 blocks (6 plots) and examined for natural enemy
damage (see Annex 4.1 for raw data). Eggpod densibes varied from 0.4 to 33 per square meter.
In all but two samples, eggpod density was considerably lower In June than in the previous
December, with a rmean reduction of 33% (tabie 4.5). Since no hatching had taken place yet, this
suggests that natural enemies which can destroy the whole eggpod, such as tenebrionid larvas,
were still active after December. Eggpod densites were not significantly different between treated
and control plots (n=3, paired Student1, p=0 28)
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Table 4.5: Comparison of gensiies of grasshopper eggrocs between Decambar 91 and June 92
Biogk Number of eggpads per 10 squaie meter
Contral Treatad
Dec. 81 June 92 Dec. 91 June 92
| 2 4 34 k2]
il 14 9 | 15
Vi 06 il 160 93

Eggpod mortalty caused by natural enemies varied from C to 81% (fig 4.20). In some cases the
June mortality was higher than the December figure, in cther cases lower, This apparent
Inconsistency may be caused by the fact that an unknown number of engpods was destroyed
beyond recognition as suggested above. The mean eggpod mortality in the treated blocks was
not significantly different from the controls, but the number of repatitions was very low (paired
Student-t, p«0.78).

Effoct of natural enemies on eggpod mortality

Two groups of eggpod natural enemies were distinguished in this study: Pimelia senegalensis
(Coleoptera, Tenebrionidae), of which both adults and larve were found in the soil samples, and
larvae of Bombyfiidae (Diptera), the latter being represented by one, presently unidentified,
SPECIES Or species complax,

Durning the first sampling reund a total of 321 adults and 827 larvae of a large tenebrionid beetle,
almost certanly P. senegalensis (final Identification aweits further rearing studies being carried
out in Dakar), and 159 bombyliid larvae were collected (Annex |). Only the larval stages of both
groups of families of insects are known to be eggpod predators (Popov et al, 1990, Greathead
1963). During thes study larvae of P. senegalensis were sometimes found inside partly destroyed
grasshopper eggpods. The bombylid larvae were part of the soil sample but not found inside the
eggpeds. Itis theraefore not certain that this species actually attacks eggpods.

In fig. 3 # can be sean that both P. senagalensis and the bombyiiid larvae tend to aggregate in the
same blolopes as grasshopper eggpods. Figures 4.4 and 4.5 show the refation between predator
densdy and eggpod mortality for these two groups. No significant correlation was found for
bombyliid larvae (r=0.20, df=18, p>0.05). Larvae of P. senegalensis, however, were highly
posiively correlated with eggpod mortality (r=0.77, af=18, p<0.01; with slope of regression highly
signicantly larger than zero: p=0.001).
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During the second sampling rourd in June 1992, 144 adults and 11 larvae of P. senegealensis
wera sampled as well 2s 6 bombyliid larvas. Table 6 shows the changes in population structure
of P. senegalensis betwsen December '91 and June ‘82 There is a clear reduction in larval
density In all studied plots, while the number of adults on average has doubled. Also, most of the
adults found still had very shiny cuticles, and thus were refatively young, This suggests that
sometime towards the end of the dry season pupation has taken place as well as subsequent

emeargence of adults.
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Block Number of insacts par 10 square matar
Cororol Treated
Lavae Adubs Larvae Agdts
Dec 81 June 82 Dec, 91 Jure 82 Dec 51 June 92 Dec. 91 June 92
I 24 3 14 54 24 0 23 9
i 14 3 16 7 2% 1 20 “
Vi 5 0 04 a 6 - 1 23
toral 42 5] 304 70 %5 5 RN )

Effect of treatments on Pimelia senegalensis

No statstically significant difference was obseved in densities of P. senegalensis larvae or adults
between control and treatment plots (figs 4.6 and 4.7) during the first sample round, nor during
the secand (paired Student-t test) (table 4.6),
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Confounding factors In the analysis
The effect of density

Factors which can Influence the degree of eggpod mortality comprise not only the Insecticide
treatment but aiso eggpod and predator density. An Increase in both prey and predator density
will heighten the chance of prey encounter by the predator and increase natural moriallty (see e.g.
Begon et al, 190 for different response types).

However, above it was found that the treated plots had a mean eggpod density which was not
sgnificantly different from the untrested plots. The same is true for Pimelia adults as well as
larvae. Therefore, & can be assumed that the difference in eggpod mortality between treated and »
control plots has not been confounded by density effects of this predator or the prey, and was-
trua
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Power anslysis

While analysing the data of a study such as this one and deciding on the correctness of our
hypofieses, we can make two type of mistakes. We can decide thers exisls a difference between
treated and control plots while in reality there s not (Type | error). The chance of making such an
error i the p-vaiue mentioned regularly above. We have considered as not statistically different
all comparisons in which there was a chance of more than 5% lo make such a Type | error.

Hardly aver taken into account in ecological studies is the so-called Type Il emor (its probability
often described as R). This is the mistake one makes in decding there exsts no difference
belween trealments and controls while in reafty there 5. Obvicusly, in ecotoricological studies
making such a mistake underestimates the potential effect of a pesticide. The complement of &
s calied the "power” of a test; the higher the power of a test the lower the chance of not being
able 1o racognize a real difference between treatments (Fairweather, 1891).

As a rule, mcreasing the number of replicates in the study increases the power of the statistica!
#esl. An often used procedure in power analys's is to determine the minimum number of samples
needed to be able to distinguish a preset difference between treatments. Such an analysis is
camed oul below for the sampled popuations of Pimelia senegalensis adults, The study did not
find an effect of fenitrothion treatments on these organsms, We need to determine if the study
had enough replicates to be able to discemn a biotogically significant reduction in Pimella adults.
The power analyeis follows Stee! and Torrie's (1980) procedure for paired compansons and is
based on the fallowing parameters: Probability of a Type 1 error (p) & 0.10; probability of a type
Il erroc () is 0.20 (thus Power is 0,80). The minimum detectable effect size we have put at 50%
of the mean Pimelis density in the control plots; In other words, we consider it ecologlcally
important to find a change (bath reduction or increase) in Pimelia adults density of 50% or more,
compared fo the control.

The appropriate equation is:
Nz (Sp/0) (fymt L)’
with.  a (s p, probability type | error) = 010
& (probability type i urror) = 0.20
& (minimum detectible effect size) = & (s 50% of mean control density)

S;, (estimate of standard devietion of differences between paired control and
treatment densities; calculated from Annex )] =98

t( critical value of Student-t distribution for df degrees of freedom)0

of (degrees of freedom) =8

The test is two-tailed since we found that fenitrothion applications do not necessarly cause a
decrease in densities. The minemum number of replicates thus calculsted is fourteen, This means
that. for this specific study stuation, our conclusion that fendrothion treatments did not have an
effect on Pimelia adults is iInvalid because the number of replicates used s lower than needed to
draw such a conclusion.

A similar analysis can be carried out for the difference in Pimelia larvae between treated and
control (with & = 15 since mean larval density in the contiols i 31, and S, = 13.8). Using the
above equation, the minimum number of replicates needed to show a 50% change In larval
density is 6. Therefore we consider the conclusion that fenitrothion did not causs a significant
change In Pimelia larvae density valid
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DISCUSSION AND CONCLUSIONS

The resultz of this study suggest (but do not prove) that larvae of Pimelia senegalensis were the
most important predators of grasshopper eggpods in central Senegal in 1991. The varation in
eggpod mortality could be explained largely by the regression against the density of this predator.
The fact that P. senegalensis larvae were found regularly inside eggpods strengthens the above
correlafion from a causal point of view, Larvae of Bombylidae did not seem fo be key predators
of grasshopper eggpods under these conditons. & should be noted that no detaled assessment

was made of densiies of all Bombylidae larvae, & potentally important group of eggpod
predators, akhough these were defintely not present in large numbers,

Confrary to expectation, mortality caused by natural enemies increased statistically significantly,
in the treated blocks. This increase coukd not be explained from diffsrences in eggpod density.
A possbile explanation may be that the treatments have had more impact on natural enemiee of
eggpod predators than on the eggpod predators themselves. Rees and Onsager (1985) reported
that removal of 3 species of robber flies (Asilidae), predators of dipterous parasitoids of
grasshoppers, increased the parasitation rate among rangeland grasshoppers. In our study mean
density of P. senegalensis was slightly higher in the treated blocks, though not significantly so.
However, increased eggpod mortality has been observed before in Senegal In 1890 from the
blocks which were treated at locust control dose rates by the LOCUSTOX pilot study. (Niassy and
Diallo, 1980) This possible effect needs further study.

The treatments did not have a negative impact on Pimelia larvae, as was expected since they Ive
in the soil and are thus not likely to be exposed. Adults densities in treated plots were not
s‘griﬁeanﬂylmhnhwﬂdmmtmshmmmenwnbordrepﬁmmmm
was insuficient to draw such 2 conclusion from a statistical point of view. Van der Valk (1890) did
notobservearoducﬂoninutfaucalchesohdunsofm:pedesafhermappmﬁonofMSQ
ailha of fenitrothion. However, when sprayed at 825 g aiha Pimelie senegalonsis catches wero
reduced 75% for at least 4 weeks. In this study no reduction in adult densities were observed 2
months after treatment, not even in the plots treated at doses higher than 80C g aivha, This
suggests that ether the nsecticide did not have a large indtial effect or the populations were able
mmmhmmdmmvommammwamm.

We make the following suggestions with respect to further research in this fleld:

+ A similar study should be repeated in Senegal to confirm that locust control applications with
{enitrothion do not have a negative impact on eggpod mortality. in such a study, the presence
of Bombyliid larvae and other fly parasitokds should be assessed as.well 10 assure a more
complete picture of the natural enemy fauna. The number of plots to be studied should
preferably be increased, ' ;

+ This study should be repssted outside Senegal, €.g. in Niger or Mali, to investigate if similar
results are found, It should be noted that the natural enemy fauna of grasshopper eggpods
In Niger seems to be completely different from the one in Senegal. Popov et al, (1980) report
on a study In which eggpod mortality in Niger was caused principally (75-80%) by Bombyfad
larvae, while Meloid larvae contributed to most of the rest. Results of this study in Senegal can
therefora not necessarily be extrapolated directly to other Sahelian countries.

. It would be useful if more information is gathered on the natural enemies of grasshopper
predators and parasitoids which may help in the interpretation of the results of this and similar
studies,

+ Further field observations on the e history of P. senegalensis are needed since no published
data were found after carrying out a computerized literature search on this speces using
sewveral major entomalogical databases.
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ANNEX 4.1; RAW DATA OF THE STUDY

A DECEMBER 15991
CONTROL No. OF EGGPODS | 22 5 M2 ST %
INTACT DESTROYED TOTALIMORTAL]

BLOCK |biolope A B C total A B C total
| 27 31 29 87 ] 5 6 20 107 18.7
I 12 14 25 52 8 16 1 32 84 s
I 31 9 15 55 ¢ 5 5 19 74 257
v 21 10 34 B4 - 186 3 25 90 218
i 54 13 121 188 10 3 19 32 220 145
Vi 108 4 200 402 18 4 50 69 471 145
Vil 169 8§ 154 3N 15 0 14 29 3680 8.1
Vil 38 11 129 178 8 6 13 27 208 13.2
IX 36 0 94 130 5 4 10 19 148 128
total 496 100 B892 1488 82 59 131 2712 1760
TREATED ! No. OF EGGPODS | 22 5 M2 g %

A INTACT DESTROYED TOTAL|MORTAL
BLOCK  Dbiolope A B C tolal A B C total
| | 27 6 21 B4 5 1 14 30 94 318
It 20 7 26 53 B 24 o 39 92 424
11 . 11 20 21 52 1 17 % 54 108 509
v 34 6 20 60 1 19 5 25 35 294
v 43 3 137 183 33 5 3 4 224 183
Vi 58 6 63 127 14 6 23 43 170 253
Vil 110 0 205 315 15 1 30 46 381 127
Vil 14 7 157 178 7 0 54 81 239 255
X 45 1 80 128 10 0 8 18 144 125
total 382 56 740 1158 a2 83 182 357 1515
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ANNEX 4.1: RAW DATA OF THE STUDY

ADECEMBER 1991
CONTROUNO. PIMELIA / 22.5 M2 No BOMBYLIDAE / 22.5 M2
LARVAE ADULTS TOTA [LARVAE

BLOCK A 5 C total A B C total A & C total

| 27 8 26 81 19 1 13 33 o4 0 2 A 7
I 13 10 27 50 13 0 8 2 7N 0 0 3 3
1 20 0 11 31 2 0 15 38 &7 0 0 0 0
1 3 14 22 74 8 0 7 15 89 ] 0 4 a
v 7 2 2 1" 2 0 4 6 17 1 1 4 B8
Vi - 5 3 18 1 0 0 1 17 1 8 19 28
Vil 7 0 8 2 2 0 0 2 -2 0 4 1 5
Vil 2 2 6 10 10 0 18 28 3 0 1 0 ]
X 0 0 3 3 1 0 0 1 4 3 0 4 10
total 122 47 108 2717 77 1 B3 141 418 12 18 40 63
TREATEDNo. PIMELIA No. BOMBYLIIDAE / 22.5 M

LARVAE ADULTS TOTA |LARVAE

BLOCK A 8 C total A 5 C total A B C total

I 42 e 12 63 42 0 10 52 115 3 0 8 g
I 29 14 25 B8 18 0 4 20 88 4 1 10 15
I 2 12 21 " 20 0 24 44 115 3 2 10 15
v 29 B 238 75 9 0 23 32 107 4 3 1 8
Vv g 3 3 14 5 0 0 5 19 o 2 < 6
Vi 4 B8 - 19 1 0 2 3 22 1 12 8 21
VI 5 1 9 15 4 0 4 8 23 0 4 3 7
Vil 8 5 8 19 7 0 1 8 27 2 2 3 7
IX 5 0 1 6 7 0 1 8 14 1 0 2 3
total 162 58 130 350 111 0O 69 180 530 18 28 47 91
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8:JUIN 1992

TEMOINS No. OOTHEQUES / 10 M2 % _ |No. PIMELIA MELOIDAE |
INTACTES MORTALITE|LARVES | TOTA | LARVES

BLOC  |habitat A C total A A c A o) total

[ 0 2 2 50.0 0 3 3 0 0 0

m 3 5 q 0.0 1 2 3 0 0 0

Vi 70 167 237 A 252 0 0 0 0 0 0

total 73 175 248 31 1 5 76 0 0 0

TRAITES No. COTHEQUES / 10 M2 %o No. PIMELIA MELOIDAE
INTACTES DETRUIES MORTALITE LARVES LARVES

BLOC habitat A c total A A [ A c total

| %5 10 25 265 0 0 19 1¢ 3 0 3

mn g 1 10 333 1 0 1 K7} 1 0 1

Vi 20 16 36 52 618 0 4 22 2 0 2

total M4 27 M 59 1 - 0 3
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CHAPTER §:
A laboratory toxicity test with Bracon hebetor
(Say) (Hymenoptera, Braconidae) -first evaluation
of Rearing and testing methods.

SUMMARY

Evaluation of the ecotoxicological effscts of insecticides is parily based on laboratory toxicity tests for
primary screening. This allows a selecton to be made of insecticides to be further tested in field
studies, which are generally much more expensive and time-consuming. Many of these laboratory
screening tests have been developed for temperate European and American agro-ecosystems.
However, very few, if any, exist for beneficial arthropods which are important in and and semi-arid
agro-ecosysiems in Africa The study described here was carried out within the framework of the
assessment of the environmental side-effects of locust and grasshopper contrel in such semi-and
ecosystems,

In this report, rearing methods are described for the parasitoid Bracon hebetor Say (Hymenocptera,
Bracenidae), which is a natural enemy of the important millet pest Hefiocheilus albipuncteila De
Joannis (Lepidoptera, Noctuidae), among others. The parasitoid is reared In the laboratory using
Ephestia kueniella (Zeller) (Lepidoptera, Pyralidse) as a host

Both the rearing of B hebefor and E. kuehnielia is done in the laboratery under ambient Sahelian
conditions and doe’s not require any specalized or expensive equipment. Results of more than one
year of rearing suggest that the colonies of both host and parasitoid provide insects of continuous
qualiy,

A method s decrbed fo rapidly screen the acute toxicity of insacticides on adults of Bracon hebafor.
Simple giass test tubes are costed on the inside with the insechicide dissoived In acetone. Insects are
subsequently exposed for 24 hours to different doses, and LC,'s exprassed in ng insacticide / cm’
tube are calculated. Results of tesis with fenitrothion showed a high similarity batween tests when

executed by different persons, using different populations of wasps, in vanying environmental
conditions.

Sublathal effects of the insecticide on reproduction parameters such as the number of viable
offspring and longevity of surviving females were evaluated as well. Results of these observations
were 100 varable, and a number of suggestions are made to improve this part of the toxicity test.

The 24-hour LC,, of fenitrothion ranged from 4 - 18 ng / cm® test tube, This is 15-130 times lower
than initial resdues measured In the field after desert locust control with fenitrothion at the
recommended rate of 450 g a.i/ha, Consequently, there may be a high risk of kiling a large fraction
of a populaton of this parasitoid if present In millet during such treatments, Field data suggest,
however, that fenitrothion degrades rapidly on millet and re-colonisation of sprayed areas may start
within a few days afler the treatment,
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INTRODUCTION

Cesert locust conlrol at present only uses synthetic insecticides. Since most of these insecticdes
have broad spectrum actiity, their potential environmental side-effects are recently recening more
atiention (e.g Everts 1990), The knowledge about the risks of pestickle use in the ard and semi-arkd
regions in which locust control is carried out, however, is still very limited (van der Valk 1990,
Mattescn 1992). The FAQ "LOCUSTOX Project” in Senegal attempts to fill In seme of the gaps which
exst in this knowledge. It does so by studying the ecotoxcological effects of insecticides on a limited
number of non-target organiams. Furthermora, faboralory toxicity tests and field bio-assays are being
developed to assist in the rapid evaluation of the risk of these Insecticides on locally relavant
argansms.

A large fraction of locust and grasshopper control in the African Sahel s carried out in pear! millet
(Pennisatum lyphoides (Burm.) Stapf and Hubt,). Recent studies have therefore particularly fecussed
on the impact of insecticides on beneficial insects in millet, A concern is that chemical locust control
may kill natural enemies and so cause the development of secondary pests in millet. Van der Valk
and Kamara (1983) and Kamara and van der Valk (in prep.) showed in @ number of field studies that
parasitic and predatory Hymenoptera were affected by |ate season locust control wath fanitrothion in
milet, and that this may have been the reasen of an observed Increase in the noidence of the millet
heagminer, Hellochelus afbipunclella De Joanns (Lepidoptera, Noctuxiae),

However, field studies are expensive and because of the high vanability encountered, need often to
be repeated for several years before consistent results are obtained Therefore in pesfickde
registration schemes in much of Europe inital laboratory screening tests are carried out to limit the
number of compounds for which field studies are deemed necessary (EPPO 1982) A number of
standard screening tests for beneficial arthropods have baen developed in this respact, & g by the
International Organisation for Biological and Integrated Control of Noxious Animats and Plants (I0BC)
(Hassan ef @ 1985, IOBC 1988, Hassan 1892)

This report describes a number of experiments and observations carned out for the development of
a standard toxicity test with the parasitoid Bracon hebefor (Say) (Hymenoptera Braconidae). This
bracomd wasp is considered an important parasitoid of Hellochefus albipunclella, the millet head
miner or millet spike worm (Bhatnagar 1987), which s the most damaging millet pest in the western
Sahel (Gahukar ef al. 1986, Geddes 1990)

Braconkd parasitcids are one of the major groups of natural enemies of Sahelan cereal pesls
(Bhatnagar 1987) However, only one test protocal for Braconidae s available under the IOBC
scheme, on Opius sp., out of a tota! of 10 parasitoid tests listed in the scheme. An analysis of
lRerature data carried out by Thelling and Croft (1988) and Croft {1990) indicates that Braconidae
tend to be extremely susceptible to mos! insectiodes. Therefore, it appears that the choice of
standard test organisme for temparate agro-ecosystems may not be representaive for the situation
encountered in the semi-and Sahel.

A rearing method of Bracon hebetor will be described using Ephesfia kuehniella Zell. (Lepidoptera,
Pyralidae) as 2 host The laboratory colonies of both the parasitoid and the host do not require
climatized rearing rooms but can be set up under ambient laboratory conditions in a Sahelian climate
such as that of Senegal Most material needed for the rearing Is available locally. The rearnng
methads described below are partly besed on earlier work carried oul by one of us (Diemé
1986,1989),
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THE REARING OF BRACON HEBETOR ON EPHESTIA
KUEHNIELLA

Rearing of the host
wnitroduction

Ephestia (=Anagasia) kuehniella (Zeller, 1879) (Lepdoptera. Pyralidae) is a virtually cosmopoitan
pest of stored products, especially cereals ard nuts (Weidner and Rack 1984). Adult moths are
freyish (grey/teown or grey/tiue) in color and have a wing spread of 20-22 mm. Larvae are creamy
colored with a brown head capsule In Senegal, £ kueniella is an important pest in stored millet.
especialy n traddional stores where millet is kept in bulk rather than in sacks, and access for the
insect is easy.

Description of the standard rearing method

6 The laboratory reanng popuistion was started up by coliecting larvae and adults of Ephestia
kuehiniefa from infested miilet stores around Nioro du Rip, in west-central Senegal.

Aduit mothe are held in cages made from a transparent perspex cylinder covered by & lid and closed
at the bottom by a fine iron mesh (fig. 5 1). Four small glass vials are suspanded In the cage and
filled with cotton soaked in 10 % (wi) sugar water as adult food  Females deposite thelr eggs on
carton stps suspended Trom the Iid, or on the cage wal. The eggs subsequently fall through the iron
mesh on a piece of black paper, which is placed permanently under the cage

Every working day eggs are collected from the black paper under the cage and put in firmly closed,
plastic peir dishes (diameter 15 cmy}, filled up to 34 with slightly moistened millet meal and millet
grains (which further will be called “hatching dishes™, fig. 5.1). All millet and millet flour 8 heated for
approximataly 30 minutes at 80-100 C to kil mites which may infest the millet and were found to
cause high monaity both of Ephesha as wel as Bracon €ggs and young larvae. About 400-800 eggs
are placed n each hatching dish,

Ephestialarvae are ulilized as hosts for Bracon, as well as 1o maintain the moth population itself. In
the firest case, larvae are keptin the hatching dishes until 5th or Bth instar and than transferred to the
Bracon rearing colony

When [arvae are to be used for mantenance of the Ephestia colony the millet and larvae (mostly 4th-
5th instar) in the hatching dishes are, approamately 20-25 days after incubation of the eggs,
ransfered to larger, clear plastic "pupation containers® {fig. 5.1) The hatching dishes are too small
for adult emergence, and often yield moths with mallormations of the wings. Care has to be taken
1o transfer the larvae as a batch and not lo individually manipulate each larva with, for instance a pair
of soft forceps, since such handling reduces sunival significantly. Two ventilation holes in the id are
covered by a double layer of fine mosquito netting to prevent stray Bracon wasps from parasitizing
Ephesiia karvae which wander on the netting. Three hatching dishes (approxmately 1500 eggs) are
transferred o one pupaton containes. The millet of the hatching dishes is supplemented with millet
grains until an approximate densily of about 1 larvae per gram of millet Is reached.

Under the condions described here, the first adults will starl emerging 26-33 days after laying. The
ermarging adults are caught and transferred to the adult cage.
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Fig. 5.1 (itferent types of cages Lsed in the reaning of Epbasta kueniods &' sduits mothe are hald 1 a parpex ovipssition cage
from under which e eqges are collecled. & eggs are subsequently transierred 1o halching dishes fled with milet. ¢
Iste natar larvas ave tranafaried 1o pupalion contanens, from which adults are collected.

Date of egg incubation and termination of each hatching dish as well as the iniial egg number and
final average larval stage are registered for each hatching desh. Date of incubation, code of the
hatching dish{es) from which the larvas are taken as well as the daily number of emerging adults are
registered for every pupation container.

The reanng 's performed under ambient laboratory condibons (temp. 25-32 “C, relative humidity 30-
80 %). A light regime of 8nh(kght) : 16h(dark) s maintained, using common neon lamps.

Incubating approximately 600 eggs daly & sufficient to harvest 250 Iste instar larvae every day by the
time the colony s established. This s enough to keep botn the host as well as the parasitoid

popuiation going. Slightly increasing the number of eggs incubated allows for a safeguard. Surplius
egps produced can then be discarded.
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Factors influencing Ephestia development in the colony.
The egy slege

Eggs are white/creamy colored, but turm brown just befere hatching due to the coloration of the larval
head capeula. Under the conditions described above a large fraction of the eggs hatches within 24-48
hours after oviposion No detailed studies on haiching rates were undertaken, but our observations
suggest that nearly completa hatching is achieved under the described rearing conditions, This is in
accordance with data from Daumal ef al. (1975).

The larval stages

Larvae are creamy colored with a brown head capsule. They pass S or 6 stages before pupalion
Sunval from egg to kast (S5th and/or 6th) instar larvae in the hatching dishes averaged 39%, for egg
densiies ranging from 200 to 800 per petri dish (fig 5.2) No significant correlation was found between
initial egg density and overall larval survival within this density range.
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We also studied the influence of larvel density on surnvival in the pupation containers. Denslties of
3rd/éth instar larvae at the start of the experiment varied from 0.75 ta 2.5 per gram of millet. Survival
from 3rd/4th instar until iast instar ranged from 66 ta 77%, but there was no effect of density.

Combining the two studies mentioned above suggests that survival from the egg stage to 3rd/4th
instar larvae is about 55%. We assume that mortality of early instar larvae causas this fairly low
survival rate. Cannibalism may play a role as well.

In an earkier study (Diémé 1989) it was found that total larval development ranged from 15 1o 25 days.
In prafiminary observations carmed out whiie setting up the rearing methods, we found that total larval
developmant lime averaged 29 days, under ambient conditions {August-October).

Extreme care should be taken to avaid the Ephestia colony to become infected with Bracon hebetor.
Any pupation container infected with Bracon may and often will be wiped out complstely. The use of
double mosquio netting on the aerasion holes of the pupation containers, and the removal of aeration
ridges in the ids of the plastc petn dishes used for hatching, reduces the risk of such attacks greatly,
Under no circumetances should Ephestia and Bracan colonles be maintained in the same room.
Simiarly, infection with mites (not identfied) occurred in the Ephestia colonies, This greatly reduced
{arval survival, Also, the miles are easily being transferred to the Bracon colony, where they both
compate with and kill Bracon larvae. They wers introduced with the millet, and therefore heating all
millet 1o be used for the rearing at 80-100 “C for about 30 minutes is recommended. After this
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procedure was introduced, no problems with mites were encountered anymaore.
Pupae
The length of the pupal stage was found to be about 4 days. Pupal survival was estimated for 7
pupaticn containers (a total of 1275 pupae) during September 1992 Average sunival to adult slage
was 31% (ranging from 17 to 55%). Handling (counting and re-incubation) of the pupae may have
reduced survival, however,
Adults

Average longevity of the adults was approximately 4 days for males and 6 days for females. This
corresponds with earlier observations by one of us (Diémé 1988), when adult longevity
between 3 and 8 days. Average Ifeime oviposition by individual females ranged from 160-240 eggs.
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Overall colony performance

Based on the initial rearing studies, we estimated that the development time from egg to egg for
Ephestia kuehniella, under the above mensoned rearing conditions, would be approximately 35 days.
Overall survival, from egg to adult, was estimated at about 16%. Highest mortality was expected to
occur at early larval stages and during the pupal stage.

The rearing colony was subsequently maintained for a year, using the method described above,
Survival from egg to aduilt is depicted In figure 5.3 for those populations which were transferred to
pupation containers (i.e. the part of the Ephestia colony used to maintain itself). Those populations
which remamn in the, much smaller, hatching dishes until being used as host for Bracon are subjected
to greater mortasty and not representative of colony performance.

The colony all but crashed in early 1993 because of & mite infection, which explains the low survival
of the Ephestia populations started up In the first haif of December. The colony was cleaned up, but
overall survival averaged only 10% until earty March, when it was found that mites were still prasent
ot low densities. The laboratory colony was destroyed and a large number of adults and late Instar
larvae was brought in from millet stores to replenish the population in the first two weeks from March.
Viewing figure 5.3 it seems that wild populations are more fit than several generasions old laboratory
reared ones. The high sundval in April may be explained by such increased vigour. Average survival
from egg to adult stage, including those periods in which mites were present was 22%, or 28% if we
exclude this period. This is considerably batter than our predicion based on the initial rearng studies
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{see above). We contrbute the increased survival In the colony to a strictly followed minimum of
nandling of the larvae during the rearing. Furthermore, pupal survival is probably higher than we
estimated, as discussed above,
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Median development time from egg to adult is shown in fig 5.4, We define the median development
tme as the period between egg incubation (less than 1 day after oviposition) and the date af which
50% of the adulis have emerged. It averaged 50 days. This is considerably longer than predicted
from cortralled experiments mentioned above, and 3 possible explanation is given below.

A highly significant, positive corelation was found between median development time and transfer
time (fig 5.5). The latter is the penod between egy incubation and uansfer of larvae from the
incubation dishes to the pupaton containers, The longer one waits with transfering the larvae, the
jonger the total development time becomes. However, &s can be ssen in fig 5.6, an increase in
development time was not negatively correlated with sutvival, The increased development time
caused by postponad larval transfer apparently

& a real reduction in development speed of the larvae and/or the pupae. Furthermore, we found that
tris is indepandert of initial density in the hatching dishes {fig 5.7). The cause for this apparent slow-
down of development is unknown fo us. It may be that some chemical factor, possibly a growth
hormone or other semiochemical, is produced by the larvae. Such a chemical would build up in the
hathing dishes since they are almost alrtight. The moment that the larvae and pupae are transferred
to the pupation containers, which are much bigger and better vantilated, fts effect would diminish and
development would speed up again.

Clearly, this observation needs further clartficaon, especially since the suggested process may have
considerable impact on the turnover rate of the Ephestia colony.
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Rearing condtions

Average weekly temperature and relative humidity In the rearing room are given in Annex |. Average
temperaiure remained fairly stable during most of the year and ranges from 26 to 32 “C. Average
relative humidity dropped during the dry season to a minimum of 25%; during the rainy season it
reached 75%, During the second half of the dry season the relative humidity was increased artificially
to approximately 50%, to reduce dessicafion of the millet.

Since the low humidity period coincidéd targely with low coleny survival due to predation by mites, we
have refrained from lrying to relate colony performance to humidity. Similarly, the low variabdity in
tamperature was not expected to greatly influence colony parameters such as facundity and
development ime. Such relationships are better studied under more controlled circumstances.

Rearing of the parasitoid
Introduction

Bracon hebetor Say (Hymenoptera, Bracondae) (=Habrobracon hebetor Say, =Habrobracon
Juglandis (Ashm.)) is a cosmopolitan ectoparasitoid of a large number of lepidopteran species, as
well as some Coleoptera, Risbec (1950) describes the species in his study of the entomofauna of
Senegal and Mall as a parasitold of the stored product pests Corcyra sp. and Ephestia sp.. Now we
know that In this region B. hebefor also parasitizes Meliochelus albjpuncielia and Helicoverpa
armigera (Bhatnagar, 1987). From other reglons In the worid the species Is known 1o attack such
important crop and storage pests as Spodopfera litforalis, Heliothis virescens and Ephestia cautela,
among many others (Fry 1889).

Adult wasps are up to 4 mm long and have @ red or creamy coloration. Females are easily
recognised by their ovipositor and their slightly bigger abdomen; males also have clearly longer
antennas than females, Befors ovipositing, B. hebelor paralyses s host. The elongated eggs (0.5
mm) are laid on late instar caterpillars. The young larvae attach themselves to the outside of the
caterpillar, feading on the hasmolymphe of the host. The white coloured larvaa develop fast, forming
their cocoons after a few days. Bracon habefor is a haploid species: Female offspring only results
from fertiized eggs, while unfertilized ones produce male progeny.

The wasp has a short life cycle without diapause. Therefore its hosts must be avzilable during the
whole year. This situation Is provided in the western Sahel by 2 hosts Ephestia kuehniella and
Helochellus abipuncielia, both related to the same crop (millei). Heliocheilus is important during the
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tme of the year when the millet is on the field. Ephestia in millet tores functions as an alternate host
during the other part of the year (Ehatnagat, 1987). Potential other alternate hosts during the dry
season are H armigera on tomatoes, other vegetables and cotion, and Phtorwnaea operculelia
(potato tuber moth) on polatoes Thedr importance as hosts in Senegal is not known, however

Description of the rearing method

The latoratory reaning culture can be started up by inducing parasitsm of Ephestie larvas by wild
Bracon in the dry season, or by collecting cocoons of the wasp when millet is maturing at the end of
the rainy season

Durnnyg the dry season and the beginning of the rainy perled controlled parasitism is stimulated around
tracfitional millat stores. Open plastic containers filled with a layer of miliet and corrugated cardboard,
and containing up to 200-300 late inslar Ephestia larvae (fig. 5.8), are suspended below the thatch
of a tradtional millet store. The container is covered by mosquito nefting with a mesh size of
approwmately 1 mm such as to avoid Ephestia to escape but allow Eracon 1o enter the containers.
The Ephestra tarvae tend to nide in the corugated cardboard, making them an easy target for Bracon
1o paralize and oviposie on. The container (s suspended from the store thatch for 2 to 4 days, closed
off, and subsequently rarsferred 1 the laboralory. If Ephestia s parasitzed, adult wasps will emerge
aftor approximately 6-10 days

When millet heads are maturing in the field, Helochelus larvae parasitized by Bracon as well as
Bracon cocoons can be collected by inapecting millet heads showing altacks of Meliocheilus. The
heads are then transferred to the laboratory and kept in @ container with humid soil or a thick layer
of humid fiter paper placed on the bottorn te keep the head fresh a long as possibie. The container
is than covered with fine-mesh mosquito neting and adult wasps may be found up to 10-14 days after
incubation. This method is much more labour intensive than the first one described, however.

Adult wasps are sub=equently held in plastic cages (fig. 5.8). which are made from a 20 litre bucket
with a tight fitting &d. A large hole is cut in the lid and covered by a piece of glass to faciltate
manipulation of the insects in the cage. Part of the bucket wall is replaced by a nylon mesh ube for
access 1o the cage. Another part of the wall is replaced by nylon netting to increase aeration. Four
small glass wials are suspended in the cage, filled with cofton soaked in 10 % sugar water as adult
food

Several hundrads of wasps can be held in such = cage ol 1 ime. Females are caughl indvidually in
small glass wbes for traneter to parastization dishes (fig. 5.8). These are made of plastic petri dishes
with close fitting lids to avoid Bracon from escaping. Every dish contains 100 large Ephestia larvae
(5th or 6th stage) and 10 Bracon females which have spent 1 day in the mating cages.

After aboul 8 days the adull wasps (parents) are released. outsile the laboratory Offspring adults
start emerging about 8-10 days after incubation of the parasitization dish. Newly emerged adults are
released in the adult cages every working day from different perasitization dishes, where they can
further mx before females are being used to parasitze hosts for a next generation.

The date of incubation, the dates of emergence and the total number of amerging adults as well as
their estimated sex rafio are registred for each parasitization dish,

The reanng is performed under ambient laboratory conditions (temperature 25-30 °C, RH 50-85 %).
The celony can be kept under natural light conditions, in & roam with @ window,
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Factors influencing Bracon development

No detailed assessment of the functional or numerical reponse of the parasitoid to host density was
made. We will evaluate below the data routinely collected during colony maintenance. It ehould be
noted that these are data pooled from the rearing colony logbook over a perod of one year, under
various environmental conditions. Conclusions drawn from these data can therefore not be
considered experimental proof,
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Adult fecundity

In the rearing cnony as a rule 10 females of Bracon are presented with 100 larvae of . phestia in
each parasitization dish (the "standard” hest-parasitoid ratio), but in a few cases other ratio's were
used. Figure 2.9 shows the relationship between host/parasitold ratio and number of offspring
surviving until the adult stage. No significant correlation between host/parasitoid ratio and offspring
was found for the 1992 series. For the 1993 series offspring per female increased significantly with
the number of hosts avallable. However, t is clear from both graphs that the variabiity at the standard
host-parasioid rato is large, and the number of non-standard ratios was relatively small. Even though
these results may supgest that the standard ratio may nat be optimal use of Bracon females, we do
not recommend incraasing the number of hosts per female unless absolutely nacessary: A reduced
number of females producing the following generation of the colony would only increase the speed

of inbreeding,
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Aracon female, for the laboratory colany in Nioro du R, Senegal, in 1992 and 1963 Siape of regrassion Ina not
significantly different from 2ero for 1932; for 1563 slope sigrificantly larger than O (p<0.05),

The average number of offspring per fernale which survive unti the adult stage is 22 for the 1992
seres and 34 for 1893 (fig 5.10). The number of offspring vanes greatly from one case to another,
but no pattemn coukd be detected. There is no apparent decrease of fecundity over time for the 1992
series, which are continuous descendants of one and the same starting population, In the 1983
colony wikd adults were introduced into the reaning population several imes 10 reduce any Inbreeding
which might take place. It is not clear if this is the reason that fecundity is about 50% higher than in
1962 It should be noted that the observed number of offspring per female in the colony s very much
lower than can be attained by B. hebetor during is lifeime (20-40 days for a Bracon female). When
Bracon females are provided with unparasitized host every other day until desth, 200 offspring per
female are obtained regularly in our laboratory, with a maximum of over 400 offsping per famale.
Similar high life-time fecundities are givan by Benson (1874), Antolin and Strand (1892) and Nikam
and Pawar (1993).
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Fig.5.10 Female fecundity of Bracen hebetor in the laberslory caeny In Niers du Rip, Sanegal, in 1992 and 1993, Facundty
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Egg / larval development

Median eggfarval cevelopment time of 8 hebelor was defined as the penoed between Incubation of
the parasitizaton dish with wasp fermales (which s generally also the day of peak oviposilion) and the
micddle of the adull emergence penod, 1 averaged 11.5 days and varied littie (fig. 5.11). Benson
(1973) reports a comparable life-cycie of 12-14 days at 25 C.

Sex rativ

On average 45% of the emerging wasps were female. Thes is comparable 1o figures found in the
literature for laboratory populations (Beascn 1974, Nikam and Pawar 1993, Rotary and Gerling 1973)
Similar to Benson's (1974) cbservalions, the variation in sex ratio of consacutive generations is high,
ranging from as low as 3% lo 80% m our case (fg.5.12). No clear pattem emerges, however,
venahility being equally spread during the seasen. There is no obvious change In sex ratio over tme
efther.

Mating

Bracon hebetor ferales accept a mate immedeately after emergence from the cocoon, and copulate
only once. In the laboratory, mean times to mating between vegin females and males were found to
vary from 160 to 280 seconds, Mothers mated significantly faster with sons than with brothers or
unrelated males. Copulation is brief, only Iasting 5-20 seconds (Pefters ot al. 1985) We did not find
any difference in number of offspring and sexratio of females taken from mating cages in which they
had spend less than 24 hours compared to cages in which they had spend more. This confirms the
detailed observations by Petters et al. (1985).
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Since maing takes place so soon after adult emergence, the risk of inbreeding is higher if insufficient
females are allowed to parasitize hosts in the same parasitization dish. Inbreading may result in
reduced performance of the colony (Antolin and Strand 1592), and thus in unintanSonal changes in
susceptibility to insecticides between laboratory and field populations. To assess if any change in
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finess occurred because of possible Inbreeding we comparad two lines of wasps In the colony. Line
1 was started off on 22 June 1992 and no wasps from outside the colony were added after 10
August. Line 2 was started off on 7 October. Table 5.1 shows the differences in median development
time, sex ratio and average number of offspring per female between line 1 (wasps reared for
approximately 12 generations) and line 2 (during the first 2 generations after infroduction). No
significant differences were found far any of the above parameters,
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Table £.1: Differences in coony performance of two nospendent [has of Bracon hetedor Obsanvalbions on Line |
wore taken after 10-12 laberatory gonesations |1-14 December); on Lewe 2 Sirectly after mtroduction from
e el (28 October - 11 Novernber). Fiva repstitions per line. Differences wera tested using 2 Student !
test (two-talled), afer confirmabion of homogenaity of vanances.

Parameter Line Aveiage Standard Signficance
doviabion
# adut offsping / famale 1 3»0 46 088
2 K6 140
sa ralio (% @) 1 480 74 058
2 420 135
median divsopment lime (days) b 130 21 L)

2 118 14
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THE EFFECT OF FENITROTHION ON BRACON HEBETOR

Testing the acute toxicity of fenitrothion on Bracon hebetor
Material and methods

The acute toxicily test used here is based on the "adult vial test” used in pesticide resistance
maonitoring (Micinki ef al, 1891), onginally developed by Plapp and Virson (1977), It is based on
coatng the nside of a glass vial weh the nseciicide and exposing the insacts to this surface for a fixed
period of ime. Toxicity is expressed as an amount insecticide per unit exposed surface area, which
can be extrapolated to field situations. This method was chosen since it does not require expensive
laboratory spraying equipement,

Fenitrothion was obtained from a commercial batch of Ultra Low Volume Insecticide (Sumithion® 500
g aiA ULV, batch number 4853Y11; Sumitomo Corporation, Japan). It was dissolved In acetone and
diluted to the requred concentrations using glass volumetric pipattes and volumetre flasks. All
solutions were kept in a refrigerator at approximately 4°C, in the dark. y

Borosillicate glass test tubes (diamater 11-13 mm; length 100-125 mm) were used as exposure
chambers, They are washed with detergent, rinsed with distilled water and then dried completely in
the full sun orin a laboratory stove, on the day before or the day of the test itself. This is necessary

fo complately remove any greéasy substances from the inside of the tubes which will interfers with the
homogenaous evaporation of the acetone.

One ml of each acelone solufion is pipetted In the exposure tube, ten replicate tubes per
concentration. The tubes are subsequently placed in an automatc rotator (Roto-Torque™), which is
sat under such an angle that the liquid level reaches just under the rim of the tube (fig. 3.1) (Note:
a simple manual multi-tube rotator can be made from plywood; a construction note is available on
request). The rotator tummes slowdy so that the acetone evaporates off, leaving only a dry coating of
the insecacide on the inside of the glass tube. After complete evaporation of the acetane n the rotator
(10-15 minutes at 25-30 *C), the tubes are air-dried for another hour before wasps are intreduced.
Control tubes are treated with acetone only.

Bracon wasps are caught from the rearing colony in small glass vials. One male and one female are
introduced per exposure tube. The tubes are closed off with a small piece of fine mesh mosquito
netting, heid In place by a plastic ring. The exposure tubes with the insects are then placed,
horizontally and in random order, in a stand so that the bottoms of the tubes are furned to the light.
The latter in order to stimulate the phototactic Bracor to stay on the treated walls of the tubes as
much as possible. A ventilator turming at slow speed s placed perpendicular to the rack 1o increase
venslation and reduce a possible build up of insecticide fumes in the tubes. The tests are performed
in & well serated room, After 24 hours of exposure the number of surviving males and females are
noted for each concentralion,

Temperature and relative humidity are measured conlinuously during the test using a thermo-
hygrograph
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Test doses are expressed in ng aclive ingredient/cm’ glass. 24-hour LC,, values and thelr 95%
confidence limis are then calculated using the method described by Kooijman (1980). It is based
on a log-logistic dose-effect relationship. Calculations were made using a computer programme
cdeveloped by the Netherlands' Institute for Inland Water Management and Waste Water
Treatment (RIZA, Lelystad, The Netherdands).

Results

Eight acute toxicity tests were performed with fenitrothion, during different periods of the year and
using different lines and ages of Bracon Three different persons carried out different tests, Test
condibons are given in table 5.1.

Table 6.2, CONdRIns tunng e scule lodoly fests wih fenrotnion ang siate of Ba000 Mabeton wasps.

Test no Srazon Tes! condBions
# geneeations age o st date Marage average rel
in colory (days) temperative ("C) _humidty (%)

1 5 -4 14 Aug 1992 nd. nd

2 10 12 10Cct 1892 30 sa

3 1" 13 20ct1ga2 24 50

4 1 14 G2Mov 1892 20 55

5 1 13 O7Nov1862 9 ¥

6 - 0-2 MALg 1953 N 70

7 = 0-3 A9 29 63

8 - 0-2 038ep1883 @& 73

% not dnown since wid wesps were at the lime reguiarly Infodoced in the colany, nd.. not determined

Table 5.2 lists the LC,'s for males and females seperately, and for both sexes combined., (raw
data of all tests in Annex Il). Control mortslity was never more than 20%, and in most cases no
control mortality occured at all. This suggests that the solvent acetone does not negatively affect
the wasps, nor does handling and caging during the test. Females were always less susceptible
to fervtrothion than males, although this was only twice statistically significant. This slight
difference in susceptibiity may be due to the larger size of the female compared to the male.
LC,’s between the various tests showed a Coefficiant of Variation of 43% in case of the combined
sexes. Highest and lowest LD,'s varied at most by a factor of 5. There did not seem to be any
correlation between LC,, and age or generation of the wasps, nor with temperature and relative
humidity during the test,

Testing the effect of fenitrothion on the fecundity of Sracon heberor

Female wasps sunvving the acute loxicity test were further observed for the effecis of the
insecticide on fecundity and longevity.

Materials and methods

Bracon females which sunived the acute toxcity tests were individually held in glass tubes closed
by & piug consisting of iron Mesh and mosquito netting. The fine-mesh mosquito nefting avoids
escaping of Bracon while the iron mesh prevents Ephestia larvae from eating holes through the
mosquito-netting. A cotfon-tip soaked in 10 % sugar water is suspended in each tube as food.
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Tabie 5.3, 24 howur LC~vales (nglem?) and 95% conficince intervals (between brackosts) of the acute fowcity
tests with lentrothion. Coefclent of Vanation calculated over the LT, values.

tesk no males fervades tolal
1 a0 60 a4
(18-50) “44-83) (3.2-59)
2 34 15.0 65
(2.4-48) (7.2.31.0) (47 -80)
3 83 189 137
(32-a8) (134-268) {102-181)
4 75 180 121
(48-121) (121 -27.0) (8.1-181)
s 102 128 180
[7.1-145) 94-173) (130 .25.0)
€ 46 218 112
(23.-835) {(81.581) (57 . 22.00
7 71 o7 54
(53-97) {78.145) (78.11.7)
8 155 %0 168
(11 0-21.7) (135.-46.2) (140-258)
cV S5% I9% 43%

Five late instar Ephestia larvae are provided as hosts for each femnale. Every second day the
fermale is ransferred to a new lube with 5 unparasitized larvae. This procedure is repeated unti
the female dies.

Longevity is registered for every female. The number of offspring males and females and the
number of larvae which died in their cocoon were countad for every tube with parasifized larvae.

Fecundily was assessed for four independent tests.

Analysis
Average number of offspring per surviving fermnale is calculated for each insecticide dose as:

Ly

x <

with: M, = average number of adult offspring per sunming female raised from eggs
laid between Sme x-1 and x

Combining the data from the acute toxicity test and the observations on femaie longevity
and fecundity, a population reproduction factor R™ can now be calculated for each dose:

Tox _ \
R 2}( (Lx Mxx

with: R™ = reproducton factor
L = fraction of total number of femeles initially incubated in the acute toxicity tes!
surviving until time x
M, = average number of adult offspring per surviving female |aid between time x-4
and x
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This reproduction factor R™ is the average number of adult offspring surviving until adulthood
which are born to a female exposed to the insectickie. The reproduction factor is calculated for
each dosa of the insecticide, as well as for the untreated control, R™ is calculated in a similar way
as the Basic Reproductive Rate “R" (also called Net Rate of Increase) often used in population
dynamics equations (e.g. Begon, Harpar and Townsend 1990), but is not identical 1o it. However,
R™is a good parameler to assass potantial nsactickde impact at peputation level, especially since
itincludes sublethal effects influencing reproduction.

Calculation of the above reproduction factors from the raw data sets has been programmed in
computer spreadsheet format, which is available on raquest.

Results

Annex il ists the results of these observations. Longewity, fecundity and R™ are plotted in fig, 5.4
as percentage of their average control values.

Average longesity of fernales surviving the acute toxicity test is determined as from the start of the
fecundity test. Longenty was just as oftan higher than the control as it was reduced (fig. 5.4a), No
consistent reduction in longewtty is seen with increasing doses. A high variability in data was
cbserved.

Average fecundity is expressed as the average number of offspring which reach adulthoed per
surviving female. This underestimates “real” fecundity, which terds to be expressed as the
number of eggs iaid per sunviving femazle. It does cover, however, any effects the insecticide may
hiave on early lifestages of the offspring generation and is as such a more relevant parameter for
insectickle impact on parasitoid population dynamics (Elzen 1989). It is clesr from figure 3.4D that
fecundity s not consistently reduced by fenitrothion. Again, results showed considerable variability.

The effect of fenitrothion on the reproduction factor R™ is shown in figure 3.4¢. At doses higher
than approximately 15 ng/em’ the reproduction factor drops below control levels in all tests. The
LC's calculated for fenitrothion are of the same order of magnitude. This reduction n R™ ig
therefore brought about by increased acute mortality, rather than reduced facundity or survivor
longevity (see above),

A note of caution a~plies to the relatvely high variablity observed in the reproduction tests. These
are partly causad Ly te low number of females on which the results are based, especially at the
higher dose rates. It is necessary in future to increase the number of females in the acute toxicity
tests to have sufficient survivors for the subsequent observations on reproduction. Another factor
which may have Increased variability in fecundity data is the handling of the hosts. Bracon larvae
attach themselves to the outside of the Ephesiia larvae, rather than being well protected Inside
their host as is the case of endoparasitoids. Handling during transfer of the Bracon female from
one host lube to the other may have caused the eggs or larvae to dislodge from their hosts. The
degree to which Bracon eggs and larvae are prone to dislodge from their hosts needs to be
further evaluated under the conditions of the test. Until this is known, the results from these
reproduction tests need to be viewed with certain causion.
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DISCUSSION AND CONCLUSIONS

Rearing of Ephestia kueniella

The labaratory colony of Ephestia kuersedla can be maintained easily under Sahelian ambient
conditions. Sunaval from agg I adult is slighlly more than 20%, with most mortality occuring in
early larval stages and possibly the pupal stage. Much higher survival rates have been reported
by Daunal ef al (1875) for an automated rearing facility where E. kueniefla was reared on whesat
semolna. A number of their techniques could be tested under Sahelfan conditions to improve our
rearing methaod. However, given the high fecundity of the temale moths, even now a relatively
small standing population of adults prowides a sufficiently large number of larval offspring to be
usad as hosts for the Bracon eolony. Care has to be taken not to transfer Ephestia larvae too late
from the hatching dishes to the pupation containers since, for unknown reasons, this seems to
slow down larval development time considerably. Surplus eggs produced from the Ephestia
colony could be used in future to rear such egg parasinids as Trichogramma spp.
(Trichogrammatidse) and Chefonus spp. (Braconidae), both of which are encountered regularly
in millet figkds in Senegal and for which rearing protocols on this host are already available.

Rearing of Bracon hebelor

The reanng of Bracon hebetar on [arvae of E. kusniella as described above was shown to pose
no specific problems under ambient Sahelian conditions The very short generation ime of the
wasp ensures that large numbers can be produced cn short notice for toxicity lesting. The fitness
of the laboralory colony, measured in parameters as fecundity, sex rafio and development time,
did not seem to change in any clear pattern over time. This means that, on average, wasps of
comparable fitness are produced, which helps 1o reduce variability in the results of the toxicity
tests. We recommend, however, that regular introduction of wild wasps in the colony be made to
reduce the speed of any Inbreeding. Indeed, hybeid vigour may have been the reason why the
1963 populzation showed a higher average fecundity. However, the befter results in 1393 may also
have been caused by increased experience with the rearing technigues.

Acute toxicity test

The tosicity of fenitrothion to Eracon hebefor was farly constant, irrespactve of certan differences
n the laboratory popelation, envircanmental condtions dunng the test or the person carrnying out
the tests. This srengthers the above remarks about the similarity in the quality of wasps produced
by the colony. Also, & shows the good degree of repelitivity of The acute toxicity test itself. The fact
that no expensive equpment is needed 16 carry out the test, only increases its value for standard
screening of inseclicides in Afrca.

Internasonally, many laboratary toxicity tests tend to be standardized to the extreme with respect
1o the organisms used and the emvironmental conditions under which the tests need o be
executed. This often requires expensive rearing and testing fadlites, such a climate chambers,
inwhich environmental parameters can be precisely controlled. Al present only a limited number
of inslitutions in Africa dispose of such facifies, and the possiblities of on site screening according
10 this type of protocols on locally relevant beneficial arthropods are thus limited. We would,
Iherefore, support the approach taken in this study, of developing tests which can be executed
under less fixed envirenmental condtions (l.e. ambient condiions during most of the year). Given
the tact that climatic variation in sub-saharan Africa sends to be rather less pronounced than, for
wstance m nodhesn Europe, this approach may not be unrealistic, Of course, for the test results
1o be relable one would need to detenmine the ranges of environmental condtions within which
the variabiity in results would be accaptable. The data from the acute toxicity test with fenitrothion
presented here seam to suggest that vanability in LC, 's can be acceptable over a range of tost
condiions encountered in the wesiem Sahel

The toxciy test decribed above determines a dose-effect relafionship, evaluating mortaliy of the
weasp al different insecticde doses. This is different from the standard screening procedures for
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beneficial arthropods recommended by IOBC and EPPO. These organizations prescribe the
testing of the highest operational concentrations of the insecticide formulation at a standard rate
of 1.5 mg of liquid / cm® of exposure surface (Hassan 1982). This procedure has two major
drawtacks: The volume application rates recommended by ICBC may be relevant for high
volume pesticide application in Europe, but would result in vastly overdosed test surfaces (approx.
150x) when appliad o the highly concantrated ULV formudations standardly used in locust control
in Africa. Furthermore, a single dose screening test as recommended by |OBC does not provide
neatly the same possibilities for extrapolation of laboratory data lo actual field circumstances as
dose-afiect data do. Unfortunately, the large body of screening data gathered under the |OBC
scheme is iImpossible to exirapolate to field circumstances other than those for which the tests
were conducted. and aimost useless for pesticide use in, for instance, Africa. Furthermore, since
formulations rather than active ingredients are tested, simple comparisons of loxicity between
different insecticides become virtually mpossible.

We, therefore, sirongly prefer the “ciassical’ toxicolegical approach of determinng dose-effect
refationships and calculating, for instance, LD.,'s, even though this is a more elaborate approach
than the |OBC recommended one. When, furthermore, toxicity is expressed as a quantity of
insecticide per untt surface area, as is the case in the descrbed test, comparisons to field
situations where insects tend to be predominantly exposed by residual contact, become relatively
straightforward (see below). Y

Fecundity observations

The results from the fecundity observations on females surviving the acute toxiciy test were 100
variable. The effects of ncreasing the number of females in the test, as well as the impact of
handing on larval sunvival of Bracon, need to be evaluated. This may result in results which can
be replicated better

The additional information on insectiode impact provided by the fecundty observations, especially
at sublethal doses, clearly warrants further development of this part of the toxicity test.

The toxicity of fenitrothion to Bracon hebetor

The 24-hour LC,, of fenitrothion for males and females combined ranged from 4 to 18 ng fem’
of glass surface. Males were slightly more susceptible than females, as was also observed by
O'Brian ef al. (1985) for Bracon mellitor exposed 1o the organophosphate azinphosmetnyl, This
may be related to size differences, Soultanopoulos and Broumas (1879) report & topical LD, of
2.1 ng fentrotion / insect. The small absolute difference between their topical and our residual
LD., suggests that fenitrothion is transferred very efficiently from the glass surface fo the insect.

Gadji (1992) measured Initial fenitrothion residues on millel leaves (Souna variety) after
experimental apphcations of approximately 450 g a.. ( ha, as recommended for desert locust
control, These ranged from 30 - 55 mg fenitrothion / kg fresh vegetation. Souna millel leaves have
a relative weight of about 180 g / m’ (freshweight. 8D=20; n=10). Therefore, on average, initial
fendrothion residues wil range from 285 - 525 ng / om® of millet leaves, assuming that both sides
of tha lsaves will have recaivad the insecticide. Initial residues are thus at least 15 - 130 times
higher than the LC.,'s measured in the toxicity test.

Bin-availability of the insecticide in the laboratory test. however, with the fenitrothion coated on
glass, will be higher than in nature where it will be bound mare strorgly to the leaf. For a same
dose. effects of fenitrothion on leaves can therefore be expected to be lower than on glass.
However, given the high levels of insacticide measured in the field, we estimate thal acule
mortality of Bracon immediately after treatment will be tigh. This was indeed observed in
bioassays using freshly sprayed vegetation. More than 95% of the wasps died after being exposed
to leaves harvested within 4 hours after spraying. However, no increased mortality was observed
anymore after exposure lo leaves harvested 50 nours afler reatment. Gad|i (1993) found that
fenitrothion residues had dropped well below 0.1 mg a.i. { kg fresh vegetation (or 1.8 ng / om?)
three days after weatment. & appears thus that although highly toxic to Bracon immediately after
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locust control applications, the impact of fenitrothion decreases very rapidly with time. This would
allow recovery of affected wasp populations through immigration or emeargence from cocoons to
occur fairly soon after treatment, thus reducing long tarm impac! of the insecticide.

Gresch (1975) showed that the carbamate insectcide carbary! after a single sub-LC,, topical
application reduced egg production of 8. hebefor. O'Brien ef al, (1985) found a reduction in
fecundity of Bracon meliitor aner 20 days of exposure 1o the LC, dose of azinphosmethyl, an
organophosphate insecticide, They used a vial test similar to ours. In our study no dear effects
could be observed on repreduction at sub-LC,, doses of fenitrothion, atthough this may have
partly been due to the high variability in the dala, Given the fact that reproductive effects of
insacticides may have at least as large an impeact on parasitoid population dynamics as acute
mortality, further development of this part of the toxicity test with B. hebetor needs 1o be pursued.
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Number of Bracon hebater slive and desd after 24 hours of exposure to fentrotion,

ANNEX 5.2,
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5.3

Resuts from the fecurxiity cbservativns on ‘emales of Sracon fedetor sLrviving 24 hours of mxposure 1o different coses of
the insecticide ferilrethion. Fecundity is expressed as tha avarags number of offspring teaching adulthood per survving
female. Average icagevity (days) of Sracon females sunviving the acule exposire test s calcuisted starting 1 day after
exposura, wnen ihe fecundity abservatons started. Calcylaton of the reproduction fastor R™ s explained in the taxt i is
Opressid &3 the arerage number of offspring reaching adulthood per female originally intoduced in the acute Xooky test

Date of test Dose (ng fanitrothion | cm?)
Parameter 0 13 28 20 57 114 13 19 %% 3
FECUNDITY (M)
10 Oct 1832 214 235 238 27 30
16 Oct 1992 20 18 12 130 157 259
14 Aug 1983 130 M W™ 2% 315 2
03 Sen 1993 205 a 29 118 16 141
: LONGEVITY
10 Oct 1662 140 260 145 140 175
16 Oct 1992 168 &8 RO 8.0 a7 19.0
14 Aug 1980 75 B0 113 83 95 $2
03 Sep 1563 68 §3 38 98 50 se
REPRODUCTION
FACTOR (R™)
100t 1892 "8 158 108 5 74
18 Oct 1992 126 64 % 2 a4 25
14 Aug 1963 73 143 81 63 5

03 Sep 1983 32 30 12 43 16
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CHAPTER 6
Toxicity tests with fenitrothion on Pimelia
senegalensis and Trachyderma hispida
(Coleoptera, Tenebrionidae).

SUMMARY

Toxicity tests with fendrothion, an insecticide used in locust control, were carried out on two
Tenebnonidae (Pimelfa senegakensis and Trachyderma hispida) in order to study its impact on these
Coleoptera. Two types of tests were used: topical and ingestion tests.

The LD s found for Pimelia senegalensiz reveal a real risk of locust control for thie species.
Trachyderma hispida is less sensitive to fenitrothion and the LD, s by ingestion are far hugher than
residue levels found on vegetation after locust control treatments

The degree of similarity among repeated tests is discussed and a number of suggestions concemning
the methedology are proposed in order to reduce the variability observed in some expenmeans.
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INTRODUCTION

Coleoplera betonging to the family of Tencbrionidae are of great Importance in the arid and semi-arid
ecosystems, both because of thair number and biomass as well as for their ecological funiction.

Crawford (1991b) quotes some estimates of tenebrionid densities and their biomass in deserts that
may reach 100000 indwiduals per hectare in an American desert, or more than 180 kg per hectare
in # Kazakhstan steppe. In desert dune field habitats, about 30 % of all insect species are
Tencbriondae (Seely 1991) Gillon (1983) showed the importance of Tenebrioniiae in the semi-arid
sahelian pastures in northern Senegal, where 19 to 58% of the total arthropod blomass is composed
of species belonging to this group He considered the Tenabrionidae, together with SCOTpIoNs and
Solifuga. as characteristc of arld savannas

Tenebrionkae of and zones are generally considered to be omnivores, ealting primarily litter and plant
matter. but sometimes also living animal prey. This is the case for adults of Pimelia which we
obsetved in our laboratory colony attacking their own larvee and debiltated aduils. Tenebrionid |arvae
are clearly omnivorous, attacking grasshapper 8ggpods in the western Sahel (Popov 1930, Niassy
el al. 1993), in the Namibian desert in South Africa, Tanebrionidae are the major consumers of plant
hitter (or “macro-decomposers™), the absence of humidity being a limiling factor for microbial
decomposition (Louw and Seely 1982) Crawford (1 991a) suggests even that tanebrionids may
regulate organic mattar breakdown, especially in and dune field habiats.

Cansidering ther importance, the impact of locust and grasshopper control on Tenebricnidae has
recently received more attiention. Van der Valk (1990) showed that fenitrothicn, applied at dose rates
used aganst the desert locust, reduced the calches of Pimeda senegalensis and Vieta senegalensis,
two abundant tenebrionid species in the northern savanns of Senegal,

Standard towcity tests have not been developed for thes group of non-tatget organisms. These tesis
could contriude to the early evaluation of insecticide risk. In temperate ecosystermns, lenebronids are
mainly considered as pests of stocks (e.g Trbolium spp.) Toxicity tests developed for these pasts
species, however, am hased on modes of exposure to insecticides which are less applicable 1o non-
larget species,

Below, we present a number of toxicity tests carried out with two species of Tenebrionidas, Pimelia
senegalensis Ol. and Trachyderma. (=Ocnera) hispida (Forsk). The larvae of the first species are
predators of grasshopper eggpods. The second species was included in a limited number of tests
because of ts abundance in central Senegal, and in the anid zones of Africa and the Middie-East in
general. Abushama (1984) and Ayyad and Ghabbour (1986) report the presence of Trachyderma
hispid in the desent of Sudan, and Abushama and Al-Salameen (1989) in Kuwait. The use of two
different species will also allow us 1o have a first idea of the differences in susceplibility in this group
of desert tenebrionids,

used in locust and grasshopper control in Africa, for these two non-target Tenebrionidae. We will try
to compare the laboratory toxicity data with the doses and residues found in the field during control
operations. The second objective is to get an idea of the repeatability of the methods used, Wild
Insects were used in the tests rather than insects reared in the laboratory, the latter being nearfy
Impossible bacause of the very long life-cycle of the beetles. However, their susceptibility to the
insecticide may be influenced by differences in the time or location of caplure. Therefore,
comparisons were made between populations caught in two different zones, during two different
periods of the year,
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MATERIAL AND METHODS

Insects used

Test were camed oul on adults of Pimelia senegalensis and Trachyderma hispida (Coleoptera,
Tenebronidae). Insacis were caught dunng three pariods: in June 1982 in the Kaffrine area (14°05'N
- 15°35'W) in the central Senegal; in November 1892 in the same area; and In July 1893 around
Linguéra (15°15'N - 15°25'W) in the north of the country. These populations were kept separated in
the laboratory in Dakar on a vaned diet (millet bran, bread and cabbage) up to the ime they were
used for the toxicity tests. Only heallhy insects were drawn from these populations. No sexual
distinction could be made before the test for either of the two species. Although it is possidle to
determine the sex after the insect dies, we didntdo it in this frst set of tests. All LD, calculations were
thus based on the total number of Insects which ware submitted to the treatments. The freshweight
of P. senegalsnsis was measured using an electronic scale. It averaged 1.5 grammes per Insect. For
the calculation of the LD.'s this average weight was used for P. senegalensis as well as for T.
hispida, a tenaebrionid of comparable size.

Preparation of the fenitrothion solutions

All the soluions were prepared from a fenitrothion parent solution of 5060 g /I ULV (SUMITHION® 500
ULV, Sumitomo Corporation, Japan, lot number 4853Y11). Dilutions were made with pure acetone,
using volumetric flasks and pipettes. Doses to be applied were estabished according to series of
loganthms af 10 (* log) as is usually done in toxicological tests (Bulkema ef af. 1882).

All glassware used was first washed in acelone and in concentrated soap, then rinsad out with tap
water and distiled water before use. Careful precautions were taken to avoid any contamination
between the different solutions. Acatone was used as a control in all tests.

Topical exposure test

The appicasion of the solutions was carried out with a manual micro-applicator (Burkhard®) equipped
with & micro-syringe, the droplet size of which was calbrated in the laboratory before the fests. A 2
1 volume was adopted as the dropiet size to be applied on each insect. During the reatments, the
insects were placed on a petri dish and the dropiet was deposited at the juncture between the thorax
and the abdomen (a relatively supple part of the insect where the droplet can quickly penetrate). The
applications were dane following increasing concentrations, starting with the fest solution {acetone).
Between two applications the syringe was rinsed with the next solution to be tesled.

In general, ten insects were exposed per concantration and placed In a plastic tray (30 em diameter
x 12 cm high) covered with a cardboard sheet. Thay were fed with milet bran. Martality obsarvations
were made 24, 48, 72 and 96 hours after treatment. The insects were considered "dead” either ¥
they did not react any more with their legs or antennae to a slight stimulation with 2 pair of tweezers,
or if they were moribund and didn't recover during the days of observation (Leeper ef al. 1882).

Ingestion test

The insects were fed on millet bran mixed with diffarent fendrothion test sciutions dliuted In acetone.
Ten milllitres were taken from each solution to be homogeneously appliad to 10 grammes of millet
bran in a glass petn dish, The bran was then air-dried for thirty Lo forty five minutes undl the compiete
evaporation of the acetone, A contiol treated with acetone only was included in oach test, The
different pelrl dishes were subsequenlly placed in plastic trays (20 om diameter x 12 cm high)
coniaining each ten insects, which were covered with a cardboard sheet.

The tenitrothion-treated food was renewed every 24 hours and mortality evaluated, for a S6-how
perticd, For the calculation of the LD J's the insects were considered “dead” edher it they did not react
any more with there legs or antannae to a slight smulation with & pair of tweezers, or d wers
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morbund and didn't recover during the days of observation (Leeper ef al. 1988),

Analysis

LD, caiculations were carried out according to a "log-logit” iteratve mode! (Kooijman 1980), using
a software package developed by RIZA (“Institute for Inland Water Management and Waste Water
Treatment”, the Netherlands). Two LD,, values were considered statstically dentical if their 95%
confidence Intervals overlapped.

Ambient conditions

The tesis wers carried out in the ambient conditions of the laberatory. The temperature and relative
humidity during the tests were measured with a thermo-hygrograph (Annex 1).
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RESULTS

Tables 8.1 1o 6.4 show the different results obtained during the tests,

Table €1 Number of suryivers of Pimels zenegaiensis in the topical exposure lesls wih feritrotiion Ten msechs wera
oxposed per concantralion for teste 1 and 2, and 15 for test 3

Saries Solution Dose Tima ater sxposure (hours)
conoenteaticn (bgal/g
(galm 24 43 12 G5
& LX) 3 0 0
7 9 8 7 5
Test 1 25 33 10 g 3
[rane =17 07 09 10 10 10
0.25 033 10 10 10
0 10 10 0
2% 33
10 13 s
Tost 2 4 53 ’ 7 7 14
(1412992) 16 213 10 10 10 10
0.64 085 10 10 9 )
© 10 10 9 9
] 3 a 0
10 13 3 3
Test3 4 53 12 E] 9 8
(26°08v93) 16 213 14 " 1)) 0
064 085 15 14 14 14
0 k) 15 18 15
Table 6.2 Number of SUrvivors of Trachydenme hispide in the topical exposure feats with ferdtrofrion. Ten nsecls
waro exposed per concantration
Seres Sukstion Dose Timo aker expoture (hours)
cencentration (Mgairg
(gaim irgect) 24 48 72 95
28 2 8 ] a 8
) 10 13 10 9 8
Test 1 B 533 0 10 10 10
IS4 252) 18 213 10 ] 9 ]
064 0.85 10 10 10

Q 10 10 10 10
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Table 6.3: Humber of sunivers of Pimels senagalansic in the ngestion lests weh fanitiathion, Ten insscts wers
£upozed par concertration for tests 1 and 2, and 15 for 1515 3 and 4.

.

Series mm ( wg?fm Time of enposire thours)
_{gaif tean) 24 43 72 as
10 10000 Q 0 0 0
1 1000 0 0 ¢ 0
Test t 0 100 6 2 1 0
(0891/33) oot 0 8 7 € "
000 | 10 10 10 | 9
g 10 10 10 10
0.2 200 1
0os 50 9
Teut 2 DOt4 14 10
(2101 58) 0004 < 9
com 1 10 10 10 10
0 10 10 10 10
1 1000 [ 0
no3 3 0 0 0 0
Testd 0010 0 0
(2083} 0.003 3 1" 4 5 1
0o 1 14 14 4 14
0 15 15 15 15
001 10 13 10 10 3
0.008 3 15 15 15 15
Test 4 0003 3 BT 14 14 14
(1400293 0002 2 15 15 1% 213
0.001 ) 15 5 15 15
0 15 15 15 15

The data in tables 6.1 o 6.4 were used o calculate the LD.'s, the lethal doses for 50% of the
pepulation of tenebrionids in question.

The topical tests with T. hispida (table 8.2) did not cause suficent mortality, The data collected did
not allow to calculate an LD, This tests was not repested due to a lack of test insects.
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Table 64: Nurnber of survivees of Trachyderma hispida in the ingestion tests with fanitrothion, Ten insects were
CXPOBAT par concendration
Seres Souton Dase (mg a kg Tims of exposure (hours:
concestratan bean)
(gatd) 24 12
10 10000 2 0 0 o
| 1000 4 1 | 1
Test ) o1 100 10 - -] 8
(1301/43) om 10 10 10 10 10
oo 1 10 10 10 10
0 10 10 10 10
10 10000 Q 0 0 o
25 2000 ¢ 1] 0 0
Test 2 e7 700 a a 0 0
(210193} c2 200 5 a 3 1
005 €0 B 7 7 7
0 , 10 10 10 10
Tabde §.5: LD,'s o fenitrothion bor Aimeda senegsiens's and Trachyderma Aispida after topical and ingestion towoly
st The LD, Is expressed 8 ug a 1 (nsect Tor the topical tests, and mg 4.1, bean for | 1 ingestion
wsts. For e topkoal tacts, LD ave for 3 glven aumber of hours (h) gfier soposure for 1he ingeston tests
LD are for a gwven time (M) of &xposure
Speces Type Sernes LD,,
o test (45 % confidence interval)
28 h a3 n 72h 22 h
Pimeta Topcal 1 pra ) 1" 7
Senegalensis (132-96.2) (71147.4; (4.811.9)
* “ 2 10.7 a0 53 $3
(T.2-181) (5411.9) 3679 3679)
* " 3 122 58 S 48
(F8189) {39-88) Barn (32:7.2)
Pmesa |ngeshon ) BT 284 178 106
sanegaknss (3B.7-2047) {126-8886) (7.6-41.5) (4.4-25.2)
o X 2 928 6 48 az
(538.159.9) {25.3-68.5) (25.3685) (185533
e " 3 3186 27 27 16
(2.8-4.8) (22-34) (2.2:34) {1425)
" . 4 129 107 107 as
188-169) (82125) 8.2:125) (74-58)
i{ractryderma  Ingesticn 1 1304 315 315 237
hepida (595-3214) (137.724) (137,724) (102-547)
. % 2 58 176 17 82.3
14 1 {65.9-207) (440.@;
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DISCUSSION AND CONCLUSIONS

We noted thal maintaining the tenebrionid population in the laboratory or the insectarium was very
easy. Adult mortality is low We kept adulls of P, senegalensis for more than a year in the colony,
Oviposibon was regularly observed. This will allow to add later a reproduction toxicity test to the series
of screening tests with this group of organisms. A standard operation procedure for the colony
mamntenance is in preparation and will be available on request. The loxicity tests are easy to carry out
and do not require equipment or which is expensive or difficult to malntan.

The results of the topical application tests (table 6.5) show little variation between the LD's for P.
senagatensis. The threo tests were composed of insects caught during two penods of the year and
in two differant localities. Yet the confidence intervals overlap without exception, and therefore we
consider that the LD,,'s are not statistically differant.

The LD, could nct be calculated for T hispida. A comparison of tables 1 and 2 shows, howeaver, that
this species s less sensfive to fendrothon than P. senegalensis. having an LD, which appears to be
higher than 33 ug aJ, /g Insect.

The result of the ingestion tests with P, senegalensis show considerable differences between
calculated LDg's (1abie 6.5). The first two serles, using insects caught late November 1992, are not
statistically different. This is also the case for the two series with 7. hispida, caught during the same
period. However, the Pimelia’s caught in July 1893 (series 3 and 4 in 1able 5.5) were considerably
mare sensitive 1 the insectcide than those of the two first series, particularly during the first 48 hours
of exposure. This difference becomes smaller with mnereasing exposure tme.

The reascn why we ocbserve this differencs in susceptibility between populations of the beetlesin the
ingestion tests and not in the tropical tests i& unknown. One explanation could be the physiological
slate of the beetles, particularly the size of the fat body.

The fat body of Trachyderma hispida adulls is relatively thin in young insects, but it becomes
yellowish and thicker with age (in: Abushama and Abdallah 1988). The toxicity of Upophilic
insecticides, such as fantrothion, may be reduced if the organism has an large fat body (Gayer et al.
1893) The Bpids may absorb the insecticide which therefore cannot reach the sites of biological acton
in the body. We do not know the age of the tenebrionids used in the tests, but we noticed that the
elytra of the Insects caught in July 1983 were less scratched and had less lesions than those of the
population caught in November 1992, it i therefore possible that insects in series 3 and 4 were
yeunger, and thus more sensitive to fenitrothion.

The second reason why the fat body of the Insects caught at the beginning of the ralny season might
be less Important than at its end, does not depend on the age of the Insects Pimeiia seems to be
relatvely inactive during the dry season, when they take refuge, probably in the soil. This is the case
for most species of Tenebrionidae in the northern savanna of Senegal (Gillan 1983), A prolonged
peried of food deprivation will reduce the fat body of the insects. Abushama and Abdallah (1986)
have shown in this respect that the lipid and glycogen levels in the fat bady of some tenebrionids (T.
hispida, P. grandis and Adesmia antiqua. all desert species) decreased with 50% after 35 days
without food. Pknelia caught at the beginning of the rainy season could, for that reason, be more
susceplible to lipophilic insecticides, reqardless of there age.

The fact that this difference in susceptibility is not that clear after the tropical application & not
necessarily in contradiction with what we just elaborated zbove. If the insecticide is applied at the level
of the thorax & Is intercepted to a lesser degree by the fat body before reaching the site of biological
action (the nervous system). However, the ingestec product must go through the digestive system
In the abdomen before reaching the haemolymph and be carried towards the nervous system. During
s distribution throughout the body of the organism, the insecticide could be temporarily incorporated
in the fat body in the abdomen, which will reduce its toxicity. In this respect, it is worth noting that the
differences in the LD, 's betwoen the different populations of the beetles become smaller with
increasing exposure fimae
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The variability in the resuits of the ingestion loxicity tesis means that additional investgations are
_necessary in order to clarify its cause bafore we can standardise the methedoiogy of the test.

In the ingestion tests as in the tropical ones Trachyderma hispida & clearly less susceptible to
fenitrothion than Pimefa senegaiensis

The topical LD, 's of fantrothion for Pimelia senegaiensis are comparable to these found for the
desert locust (Schistocerca gregana), MacCuaig (1983) mentions median lethal doses varying from
5.8 to 7.8 pg aijg insact for the fifth Instar larvae of S, gregana, and from 3.7 to 8.4 pg /g for the
adult. Consequently, supposing a smilar degree of exposure, we can expect that the recommended
dose against the desert locust will have harmful effects on this group of non-target organisms.

To assess the risk of intoxicason by ingestion, we have made a comparnson with the fenitrothion
residues found after locust and grasshopper treatments. Figure 1 shows the LD.'s for P.
senegalensis and T. hispida in relason 1o the residues measured by Gadiji (1983) on vegetation after
freatments in an and savanna in the north of Senegal. The hatched area in the figure represents the
range of residue levels measured. All the tenebrionki populations with LD,,'s below this hatched zone
are likely exposed to residues in the field which can cause high mertality. However, populabons with
LD..'s Just above the hatched area can also be subject to mortaliies of the insecticide, since the
LD..'s are calculated assuming exposure to a constant level of insecticide. In nature, however,
residues decrease from a maximum reached just after the treatment.. Consequently, Insects with
LD, above the hatched area In figure 1, at for nstance 96 hours of exposure, were exposed to higher
residues 24 or 48 hours after the eatment. If we would want to take into account such dynamics a
more detailed modeling of the behaviour of the insecticide and the msects would be required. Such
models are available (Goodman 1082, Salt and Ford 1684, Wiles and Jepson, in press). Additionsl
data concerning the fate of the insacticide and the biology and the behaviour of tenebrionids are
presently being collected by the LOCUSTOX Project.
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£ e o
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Figure 6.1: Medsan teths doses (LD, - mg a1 /kg of milet dran) for different timas of exposure © fenfrothon by

ingestion for Pimeda sensgaknss (4senes) and Tractydenma hispida (2 senes) Tha vertical lines are the
5% confidence imes (the signt horzoosal shifting Detween (he $e0e5 O e same exposure ime = to allow
fon Gassar 1pading]. The hatchad area repratants feninth ien resdue wwls found on Boscw sonegalanss
& amal shvub, I T2 and savanmeh in the nodh of  Senegal 3t vanous maments after treatmends with doses
varying from 440 ta SE0 g a L. ha (Teskdue fevels accordng to Gadi 1563)
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We hope to be able to implemant this type of modelling for the evaluation of ecotoxicological risks
in the near future.

The rough comparison between LD,. and the residue levels caried out above suggests, however,
that P. senegalensis is at high risk. It can be affected after & treatment with fenitrothion, which is
unlikely for Trachyderma hispida. This difference shows again that representasives of the same taxon,
which are also ecologically similar, do not necessarily have a comparable susceptibiity to an
insecticida.

We suggest that similar experimentations be carried out with other insectickdes used in locust and
grasshopper control, In order to answer some of the questions raised atove, especially the Impact
that the caplure pericd and the physiological state of the insect may have on the toxicity of the
Insecticide,
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EX 6.1

Temperature and reativa humigity during the toxicity tests at the entomology Staratary of the Crop Profection Direciorate in
Oakar, Serwegal,

CATE TEMPERATURE (*C) RELATIVE HUMIDITY (%] rmnermax
in-max
18- 1811279982 25-26 64.74
07120111953 23-24 36.55
1318011360 2626 8064
22:2401/1883 2425 &®-72

151 7/00V1 863 28-30 8-72
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CHAPTER 7 :
Toxicity tests with Metarhizium flavoviride
(Deuteromycetes, Moniliales) on Bracon hebetor
(Hymenoptera, Braconidae), Pimelia senegalensis and
Trachyderma hispida (Coleoptera, Tenebrionidae).
SUMMARY

Metarhizium flavoviride is an entornepathagenic fungus which attacks primanly locusts. lis use as a myco-
inseclicide s currenty being developed with a view to reducing the vadespread use of synthetic insecticides
in locust control. Although in nature & is found almost exclusively on Orthoptera, the specificity of action of
this fungus s ltie down. Thus some toxcity tnals with Metharhizium flavoviride (strain IN 331089) were
camied cut on two Tenebrionidae {Pimelia senegalensis and Trachyderma hispida) and one Braconidae
(Bracan hebetor). Tenebrionds are insects that attack the eggpods of locusis; thay are alse important
agents In the degradation of organic matter in dry ecosystems. The Braconid is a natural enemy of several
Sahelian crop pests,

Among the three species, only B hebefor showed martality In the insects reated, which could be atiributed
to the effect of M. flevovinde This was confinned with the percentage of sporulation observec on the
reated nsects. On tho other hand, none of three modes of exposure enablad us to show the effect of the
product on the two species of Tenebrionidas. Even with the ingesfion of the dead Zonocerus vanegatus
treated with M. flavevinide, it was not possible for us to show an effect on the product on P, senegalensis.
It appears seem that the two tenebrionids are not sensitive to M. flavoviride strain IMI 3311088,
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INTRODUCTION

The partial destruction of the natural beneficial organisms of crops, predators, parasitoids, or
entomopathogenic agents, as a result of phytosanitary treatments, has often had the consequence of
mtroducng imbalances, not to mention the increase in the populations of the target pests or changes in
dominance. To counter this, integrated past management seems to be the only judicious way, Thus, the

establishment of integrated protection strategies includes the study of the foxicity of pesticides on
beneficials.

The product studied here is Metarhizim flavorivide W. Gams & J. Rozsypal (Deuteromycetes, Moniliales),
a pathegenic fungus of insects. This product, used as an insecticide in the form of ULV spray had been
developed by Chns Prior and his colleagues at IIBC (International Institute of Biolcgical Control) in Sitwood
Park, England (Prior etal. 1992). M. favowride is a fungus which grows only on insecls and it appears farly
speciic to locusts and grasshoppers. When the spore of the fungus attacks the insect, it germinates by
sprouting upwards to reach tubes of 20 ym long and 1 1o 2 pm thick in the cuticle. The end of the tubes
blews up and using the combination of enzymatic digestion and brute force, the fungus penelrates the
cuticle. It then forces its way into the inssci, breaking into little fragments, which disperse in the insect's
crcularoty system. The pathogen kilis the locust by blocking the circulatory system as soon as the insect
i full of fungl, even though texirs (‘destruxins”) can also play a role in the process (Chariey 1692). There
are several strains of M flavoviride and it is the IMI 331089 strain which was tested here on two
Tenebrionidae and one Braconidae.

The methodclogy described here concerns the laboratory test. Field experimentation, which is generally
costly and laborious is implemented only for compounds which proved to be toxic during rigorous laboratory
test (Sauphanor ef al. 1892). The species tested are Pimela senagalensis, Trachyderma hispida Forskal
and Bracon hebetor Say. The first wo spedies belonging the Tenebnonidae family, are of great importance
in arkd and semi-arid ecosystems (Crawford 1881). The larvae of these tenebrionids (for instance P.
Senegalensis) attack the eggpods of grasshoppers or locust in the Sahel. (Popov 1980). The adults are
important detritivores. The last species, B. hebefor, is a hymenopieran belonging to the Braconidae family.
The species s cosmopalitan and s present In the entire West African subregion. (Diémé 1985). Itis a
parasdoid whech has caught the attention of researchers dus to its efficacy and its easy rearing (Bal 1993).
Bhatnagar (1887) advocated the use of B. hebetor for the contiol of Hebocheilus albipunctella De Joanis
{Lepidoplara, Noctuidae), the miliet headminer.
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STUDY METHODOLOGY

The insects

The effect of Metarhizium favoririds was studied on twe Tenebrionidae (Pimelia senegalensis and
Trachydenna hispids) and cne Braconidae (8Bracon hebetor). The tenebrionids were collected during two
penods’ in July 1993 in Linguére (15° 23'N - 15° 08 W) in Northern Senegal . and in May 1984 in Kaffrine
(14° OS'N - 15° 35'W) in cenfral Senegal. Bracon was taken from those raared in the laboratory at Nioro
du Rip (13" 45'N - 15° - 46'W).

Ir: addion, three locust species were used as reference controls bearing in mind the fact that M. flavoviide
has an effect on them. These are Kraussana angulfera (Krauss) (Ortheoptera, Acrididae), Schistocerca
gregaria  (Forskal) (Orthoptera, Acrididae} and Zonccerus varlegatus (Lnné) (Orthopters,
Pyrgomorphxiae). The first species (KAN) was collected in the form of eggpods &t the same time and in
the same area as the tenebnonids. The second (SGR) was collected as adulls st Saly (14 26N - 17° 01'W)
I Ihe coastal area of Senegal in January 1994 The third (ZVA) was collected In larval form at Kédougou
(127 31N - 127 10'W) in South-Easten Senegal, All the Insects, excepl Bracon hebelor, were maintained
at the Insactarium of the Plant Protection Directorate in Dakar up to the time of their use in the tests, 8.
hebefor was transported sach time in the form of cocoons from |ts rearing colony to Dakar where the
emergence of the adults took place,

Insecticide

The insecticide tested is Melarhizium flavoriride, strain IMI 331089, isolated crginally from Omithacris
turbida cavroisi in Niger. ts multiplication was carned out at lITA (the Intemational Institute of Tropical
Agriculture) in Cotonou, Benin. The insecticide is in the form of spores soluble in oil. The currently
recommended dose is 100 g of spores dissolved in 2 litres of a mixture of kerosene (70 %) and groundnut
oil (30 %) to treat one hectare. One hundred grams contains about 5 x 10" spores.

Treatment and exposure methods

Solutions of M. Mavoriride in kerosene: groundnut oi (70: 30) were prepared several tims for the tests at
a concentration of 2.5 x 10" spores per litre. The solutions were stored at 5°C between the tests but for not
more than 12 days. In all casas, the controls were treated with the formulation withou! spores.

Applicatione were made according to three modes of exposure.
Topical exposure

The application of solutions was done with a manual micro-applicator (Burkhard™), equipped with a micro-
syringe 25 whose droplet size was calibrated. A volume of 1 pl was adopted as the size of droplet to be
applied 1o the tenabrionids 2nd locusts and 025 pi on the bracons. The droplet was deposted at the juction
between the thorax and the abdomen for the tenebrionids and under the pronotum for the focusts. No form
ol anaesthesia was used during the treatment of coleoptera or locusts. The bracon were stored in a
refngerator (5°C) a few minutes before treatment in order to reduce their mobility

Itis weorth noting that 0.25 or 1 Yl or the applied formulation presents a high overdosage in reiation to the
doses that insecis could receive by direct contact during feld vestment of the cdose currently
recommended.

For the tests with tenebrionids, ten insects were treated and placed in a plastic container (30 cm dismeter
x 12 e high), coverad with a cardboard. The tenebrionids were fed with millet bran during the test. For the
locusts also, ten indviduals-were treated and placed in breeding cages (25 x 25 x 50 cm, made of wire
gauze). They were fed with millet or mango leaves dunng the penod of the tests, As for Bracon, twelve
Insects were treated and put in plastic bottles of 5.5 cm diameter and 6.5 height. The caps of the bottles
were perforated in the centre and a piece of mosquito netting was glued over the hole to allow aeration.
A cotton "eartip” soaked in sugar water served as food,



Residual exposure
Application of the solutions was carmed out by means of three methods -

- with the help of the micro-applicator 1 i droplets were daposited in 1 om® squares drawn on a
piace of biotting paper, cut into pieces of 8 x 18 cm

- with a Micro-ULVA" battery driven spayer, 1 heciare of fallow land wos treated at the
recommended dose. within which blotting papers (42 x 51 cm) were placed. These blotting papers
were then cutinto pleces of 5 x 18 cm for the locust and Bracon tests while 10 cm diameter blotting
papers were used for the tests with Pimelia

- wth a laboratory speay tower (Burkhard® type Potter Tower). 8 x 18 cm piaslic overhead sheets ar
Cansen millimetre paper were treated. The spraying pressure was 3ibim®. The equipment was
calibrated in crder lo measure the formulation losses in the Tower, about 80 % of the volume
Sprayed. A volume of 250 il was sprayed each tme, being drawn from a solution prepared ai a
dose of 6.7 g of sporesfiitre (= 3.35 x 10" spores/l). The dose per surface area thus obtained
corresponds to the recommended dose of 5 x 10° spores per heclere. After drying at room
temperature for one hour in the case of the millimelre ang blotting papers, and two hours n the

case of the plastc overhead sheets the tested surfaces weee paced in the bottles and the insects
intfroduced.

The shests were placed with the freated side facing inwards in the bottles Pimelle were cxposed in plastic
containers of 10 cm dismeter and 11.5 om high, The hiating papers treated in the field were cut and placed
at the bottom of the containers. There were two containers per eatment (treated and control) and five
Pimeiia per contamer The locusts were arranged indnidually in containers of 8 cm high, whose opening
5 6.5 cm in dlameter while the base is 5 cm. There were ten containers per trealment. Twenty bottles were
used per treatment for the ZVAs. |dentical botties were usad in residual exposure tests for Bracon About
fifty Indivduals were exposed for each treatment or control,

Exposure by ingestion

This exposure method was used exclusively for 2. senegalensis - The aim was 10 study the effect of toxins
{destruxins) wihech could be produced by M. flavoriride afler infection of the Iocust. Even i the
entomopathogen does not succeed in infecting certain non-target insects drectly, the consumption of
infected locusts could, in the case of toxin baing produced. affect SCavengers.

Cead Zonccerus vanegatus (ZVA) . tested with M avoriids were given as food to Pimelia, 24 hours after
the locust's mortality had been observed. For the ingestion test, 10 or 15 Pimelis were placed with the
carcasses of ZVA placed in plassic contaners.

Experimental conditions

The experiments were set up oh a bench in the Izboratory under ambient conditons

- temperature between 21 and 25°C
- relative humidity between 60 and 70 %

Observations

Mortality

The insects were exposed for one o two weeks. Mortality was assessed every 24 hours theoughout the
entire exposure period. It is evaluated in terms of all the troatments carried oul during the parod The
axperiment ends as soon as total mortality among the individuals treated with M. flavorinids i obtained, of
after an exposure period of maximum fifteen days,



Sporulation

Following death, the carcasses are incubated m peter dishes to obtain sporulation of M. flavoriride on the
treated insects. A filter peper moistened with distilled water is placed at the bottom of the dish on which the
insects are arranged, and then the dishes are closed with parafilm. For the tenebrionids and the locusts,
only one insect was incubated per dish As for Bracon, 5 to 10 individuals are incubated per cish,
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RESULTS

The resulis of the obsarnvabions are presented in Table 7.1 and 7.2 and the raw data of the texis in Annekos
7110 7.5. The overall effect of the treatment was evaluated as the numbar of survivers and the percantage
of sporulation of incubated dead insacts.

Only the first evalualion criterion was used for the tenabrionids, given the lowe montallty rate and the non-
sporulation of the incubated carcasses. No Infection of the two tenebrionids expesed M. favowirids (strain
INi 331088) covld be demonsirated A very low mortality was observed in all tests (Table 7.1). A secandary
effect causad by the produclion of toxins could not be demonstrated either. This suggests that the product
had no efiect an these two species. Besidas, no sporulation couid be obtained on the few carcasses of the
treated individuals.,

On the other hand, Bracon seemed to have suffered the effect of the fungus: a virually total monality was
observed in the individugls treated after a maximum exposure of 8 days (Table 7 2). The high percentage
of sporulation on the carcasses after incubation seems to confirm this (Annex 7.4), Only the results of
residual exposure are evaluated, since topical treatment Is not adapted to the size of the insect. The
draplets genarated by the avaiiable equipment weie 1o large, thus given rise to too high control mortalities.
The mortality of Bracon in the control experiments is fairy high, refiecling probably a secondary offect of
the formulation. This is supported by the fact that sporulation has never been cbserved for these controls

The offocks of M. flavoviride strain IMI 331089 on the three specizs of locusls used as eference controls
was confirmed. Total mortality was observed in treated individuals after maximum exposure of 8 days
(Annexe 7 2). Sporulation of incubated carcasses from 60 to 100 % was obtained (Annex 7.5).

Table 7.2 | Effect of Metarhizum favomnde on Bracon bahelor
Sales Mode of axposure Dusation of Mortaty (%) Spandufion (%)
(rescual) test (days)
Conlrols Treaed Controls Trasled
Test1 Filter papar trested with A 52 B4 ] 0
(11.02.84) micro-xnplicator
Test 2 Fiter paper trualed wilh £ a8 100 0 32
(15.02.94) Micso-ULVA
Test 3 FlslnG trested with 5 89 100 Q 100
103 07 54) POTTER of Tower
Test 4 Milimere papsr tisared 4 s 100 ) 84
(12.07.84) with POTTER Tower
Test§ Plaslic lreatad vty 8 74 120 () 78
(14.07.94) POTTER
Tower
Test 6 Mitsmetre paper trealnd S 7% 100 a &6

115.07.54) with POTTER Tower
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Table 7.1: Effect of Metarhzaum Mavoride on two tensixonids: Omeds senegalansts and Trachyoerma hspida (nonamets) fogether with locusts s refarence controls (targata)
Series Mode of exhintion Duraton of test (days) Motally (%)
hon-arasts (Tenebrionids) Targels (locusts)
Neor larget Tarpets Conlrols Troated Controls Treated Speces
P. senogoenzes topical 15 " . 0 10 100 Kan'
Tesi1 (mcro appdoator)
(17.01 94) X
Test2 - 12 7 10 20 0 100 SGR
(19.01 849)
Test 3 E 1" 8 2 F.t) 10 100 SGR
{20.01.54)
Teal 5 . 9 - 0 10 - -
(2B 02.54)
Tes! & resictun (Micro- 10 5 0 10 20 0 SGR
(15.02.84) ULVA)
Test 7 Ingastion (ZVA 15 . (] 0 . > .
[19.06 84) troalidd mcro.
appicator)
Textd - 15 - Q 1] . - »
{13754
T. hspida topcal {mcro- 13 12 0 0 0 120 2vA
TestG appiicmar)
(1600 5d)

mnm»m.;senssuwcmm.zva-mw;mumlmmsm
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DISCUSSION AND CONCLUSION

Thrae axposure methads were used for the application of myco-pesticide solutions. The resuits indicate
that the method of treatment with the Potter Tawer, for the residual exposure, seems to be the most
effective, especially for small insacts. The use of glossy millimetre paper as a support allows for rapid
drying of the formulation as well as a high transter of spores to the insacts. With large insects, topécal
treatment with = Mcro-applicator gives aiso good results.

None of the three modes of exposure shows an effect of the product on P. senegalensis and T. hispida,
two coleopteras of the same size. Even in the tests by ingestion, Pimelia seems not to be susceptible.
Therefore, it may be that there are no toxic toxins produced by this sirain. Howeve!, it i worth noting that
the acute tacity of destruxins may vary accordng to the taxonomic group. Diptera and Lepidoplera being
very susceptible (James et af. 1983).

8. hebetor showed a high mortality after lreatment which seems to be sttributable to the effect of
Metharhizium. This is supported of sporulation observed, Nevertheless, we used only one strain of M.
flavoviride, and therefore this would not mean that the other strains would give the same resuits

Al presant, there s very little information published concerning the effect of M. flavoviride on non-target
arthropods (Goettel ef a1 1990). In a laboratory test with the honey bee (Apis meliifera), a mortality of 29
95 was observed afler a treatment with twice the field dose. This was confirmed by the sporulation cbserved
on the carcasses (Lomer ef al 1993). Some tests on Coreida (Hemiptera), Formicidae (Hymanoptera) and
larvae of Scarabaekiae (Coleoptera) did not show their infection by the entomopathogen (Lubilosa 1994).

it may be that Hymenoptera are relatively sensitive to Mefarhizium fiavoriide, and tests on this taxon shoud
be continued In order to better determine the specificity of the fungus. Some fiekd bio-assays should aso
ve carfied out in order to evaluate the real risk of these Hymenoptera getting infected in more natural
conditions of exposure, since the laboratory tests have relatvely high exposure levels.
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ANNEX TS Effect of Melortizam favosnde on ano Trach, Nurmoar of Survwors n and
Series Equipment AModa of Trestment Time after expesure (Cays) %
ofdition matalky
0 1 2 3 4 s § 7 a8 ] w o 12 13 14 15
Tost | P. sanegaensis freated with  Topical Tregted 10 o 1 s 8 8 8 0 6 8 B8 8 g & 7 7 30
(1701.94)  misrospplicelon
Cortrois 10 0 10 10 8 9 -} 8 8 8 B8 8 e 8 8 8 )
Test 2 Treated 10 v 10 0 10 @ e ] ¢ 9 8 9 8 20
(19.01.94)
Cortrols 0 1 1w 1w 10 10 10 10 10 0 1w 1w ¥ 10
Trealed 10 10 . 10 10 10 10 10 1w W 10 8 20
Test 3
{20.01.84 Cortrols 10 0 1 10 0w 9 8 ] 8 8 8 8 20
Test 4 Fikiar papars speaad on (hg Hesdual Treated 10 10 1w W 10 10 w0 10 i 10 9o 10
(150204)  greund of a field treated with
misro-ULVA | on which are
Isced P senegalensis Contrais 10 10 10 10 10 10 10 0 i W0 1 0
Test 8 7. senegiiens's treated with Tepicsl Troatec in W w 1 10 10 10 10 0 a
(25.0294)  mcroapplicatar
Cantrols 10 9 9 9 a2 $ g9 g 9 @ 10
Test & T, tWspvcka treated with micro- Tepical Trested 10 0 10 10 10 10 10 10 0 10 w0 10 10 10 o
(160684  apphcatar
Cantrols 10 10 110 W 0 10 10 0 0 10 10 W0 10 10 0
Test 7 P, senegalensis on carcasses  Ingeston Treatoed 10 0 10 w0 10 10 10 4 109 1t 10 10 10 W0 10 10 o
(150604)  of ZVA treated (los! of
16 DE.94 Table IV) and ZVA
Kkiiad naturaly (without Contros 1o 10 10 10 10 1 10 10 10 to w W i¢ 10 10 10 ]
Iresiment)
Test 8 F senagalensis on cercasses Ingestion Treated ! 15 15 15 15 15 15 15 15 15 16 15 15 15 13 1B 85 0
(13.07.94)  of ZVA treated (et of
.07 94, Tabke IV) and ZVA Treatod 2 15 15 15 1§ 15 15 15 15 15 5 15 15 15 16 15 15 0
raburall;
’ Conlrols conm. 15 15 15 16 5 15 15 15 15 15 10 10 15 15 15 IS5 Q
NS . Time 0 indicates the number of individuals incutated per treatment, The few Cartesses of 2. sensgaensts aulained were ncubated for observation of spansas L nooe of the

gg.d&%i%iggigaggg Msvovnoe.
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ANNEX 7 2 Efect of Mafarhiziom favoniride on Kraussara angulfers, Schistocerca gragana and Zonocerus vanegafus Numbdar of sutvivirs in fests by Sopical and residual esposare
Senes Equipment Mode of Treatment Time after exposure (days| %
exhibition martalty
0 ! 2 3 4 ) ] 7 8 9 m " 12
Test 1 K. anguifecs tresled with Topical Treated 10 10 10 $ 9 9 a8 8 1) ] 2 0 100
(170184) micro-applicator
Controls 10 2 1) 9 e e e g ) '] 7] 9 10
Test 2 S grogoria (SGR) treated with  * Treated 10 1 8 8 8 5 3 0 100
(190184)  micro-applcatar
Controks 0 10 W0 10 0 10 10 10 0
> ° Treatag 10 1 16 1w 4 7 ] B ¢ ol
Test 3
(2001 54) Cortroly 10 10 1o 10 10 10 10 10 ) N
Test 4 Filler papers trealed with Residual Treated 10 0 16 32 3 D 10a
(11.0254) mico-appicator on which
SGR s axposed Cortrols 10 10 1 o o ] (]
Test5 Filler papers spread on e ! Tregted 10 0 W 0 & B 7 7 5 & &®
(15.0234)  ground In #1 feild treated wih
mcro-ULVA on which SO i Controts 0 W 10 W ¢ % 9 8 & B %
placed
Test 6 ZVA treatod with micro- Topicnl Trested 10 10 0 1w 9 5 5 5 3 3 3 % ¥ 100
[160694) appicator
Controls 10 10 100 1 10 10 10 10 10 1 10 10 10 0
Text 7 ZVA exposed on plashic and Rosdual Trestad piaslics 20 2 20 18 18 17 9 s 5 s 4 0 100
[170654) milmetre paper reated witha
POTTER Tower Treated milmetre 20 2 202 22 X 2 18 15 19 3 a 100
paper
Tex 8 ZVA treated with micro- Topical Treated A 10 10 10 10 10 8 I d 7 - 2 0 100
080794)  applicator
Treated B 10 10 10 10 10 3 8 G " 1 0 100
Trealed C 10 10 10 1 g 7 B 4 2 ) 100
Common Contsols 10 0 10 10 10 10 10 10 1 10 10 0

NE Time 0 indicaies the number of individuals incubated per trealrsent. The few carcasses of P. ssnegaienss OUAINGG Ware INCLBETR 10f CDSEVEBON Of SporIlaton. Howaner, nane of e Carcames
sporuisted . This makes us beleve that the dead Pimeds were not Infected by M. favoviride.
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ANNEX 74 Effect of Metartazium Bavovinide on fivacon hebedar Evaluation of the sparilalon al ncubater namassss
Seres Treztms Nurmber % sporulation Tre to emerge of spores
Tesnd 2ead A Mcutened Sponsated

Test 1 Tresed 25 21 0 Q -
(11.02.94)

Controls 25 13 i} g -
Test2 Traatad ) 25 3 2 210 4 days
(15.02.94)

Conlros 28 15 o 0 -
Test 3 Treared 0 S50 50 100 3w ddays
{08.07 84)

Cantrols S0 40 a 0 .
Tost 4 Traated ) 50 4z 24 4te 5 days
(1207.84)

Conlrols 0 25 o ¢ .
Test & Trealed 50 50 39 78 3% 8 days
(1407 94)

Cantrols E kg ° 0
Test 6 Trealed ) 50 a3 & 3o ddnys
(15.07.94)

Conlio 50 an n &) -
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ANNEX TS Effect of Metarhiziim favanice on Kiausare erguifece, Stivefocsrca gregars and Zanocenus varegatus Spondation evakiaton of incuoated carcasses
Senes Traatment Numbes % aperuation Tirme %0 emerge of spoes
Tesiad dead ana incaudated apofulatec

Test1 Treated 1C 10 8 60 2103 days
(17 02.54)

Controis 10 1 0 0 -
Test2 Treuled 10 10 <] 50 Zio 4 days
[19.01 84)

Coptrols 10 | 0 o -
Text3 Tredled 10 i0 7 70 2103 days
(20,01 94)

Carirols 10 | o] o -
Tes 4 Trested 10 7 o] ¢ -
(11.1284)

Controls 10 1 c a
TeelS Treated 10 L] 2 x 2days
(1502.54)

Cortros 10 2 Q 0 -
Tesl6 Treated 10 Ni* - -
(15.06.94)

Cortrols 10
Tes! 7 Treated {plestic) 2 20 20 100 2o &4 days
(17 06 94)

Treated (paper) 20 20 20 100 24 Jdapm
Tes!B Treatea A 10
[08.07 94)

Tremed B 10 (LN - ~

Trasted C 10

Canlrots 10

NI = Nat ncubated Carcasses are ghven to P senenaknss (Tas! 7 310 8, Table 1)



HAPTER 8

Deposition and degradation of fenitrothion and
diflubenzuron on vegetation and in temporary ponds
in'a sahelian area (1991 Campaign).

SUMMARY

Plots of miliet at maturation stage, temporary ponds at Nioro du Rip {(Centre of Senegal), and plots
of Boscia senegalensis at Richard Toll (North of Senegal) were treated with fenitrothion and
diffubenzuron.

Samples were taken from milet leaves, from millet ears, from water of ponds in Niore du Rip and
from leaves of Boscia senegalensis in Richard-Toll over a pericd of one week (fenitrothion) and of
twio weeks (diflubenzuron). The residues were analyzed

Subyected to micro-ULVA at smple nominal dose {450 g a.i/ha) the fenitrothion nitially settled (one
hour after treatment) at 50 to 70 mg ai./kg of wet millet leaf (mg a.i./kg). On the ears a vanable
deposit was found of 1 and 6 mg a.i/kg. In the ponds the average found was 80 pg a.l/l. Nominal
double doses made on the Boscia senegalensis resulted in 100 ppm deposit on average.

Al a dose of 50g a.|/ha on average, the depasition of the diflubenzuroawas 40 mg a.l/kg on millet
leaves. less than 20 pg ai/ in pond water, on leaves of the Boscia senegalensis average deposition

was 31 mg a.i ’kg.

The half-ie of fenitrathion on millet leaves rarely reaches 18 h, and vares between 20 and 45 h on
Boscla senegawensis and can go up 1o 60 hours in the pond water. The hal’life of the diflubenzuron
found range from 100 to 150 hours on the millet leaf and generally remain inferior to 50 hours on
the Boscla senegalensis.
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INTRODUCTION

In 1881, the LOCUSTOX Project conducied a expenmental campaign In the field which lasted 3
months (August to Oclober). This campaign took place In two different areas whose climate and
vegetation are very different

- Nioro du Rip is a rainy zone wih a three-month rainy season; it is sn area where plots of
millat and temporary ponds had been chosen as study sites,

Richard Toll represents ard savannah, poor in rainfall and also characterized by a very thin
grass carpel; on the plots selected as experimentation sites, the dominant vegetation Is
constifuted by trees with the marked presence of the Boscia senegalénsis.

The expenment represents one stage in a study with fenkrothion and diflubenzuron, to identify their
impact on the environment. After treatment, samples of vegetation (millet or Boscia senegalensis
leaves) of millet ears and pond water are taken from the sites, to later serve for the analysis of
pesticide residues.

Two main objectives are targeted in this study;

- The determination of the inibal rate of deposition which constitutes valuable data in the
interpretation of results of ecotoxicological research.

- Research on pesticide persistence in semi-arnd areas
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GENERAL ELEMENTS OF THE TREATMENT

Products used during the treatment

Two products were targeted dunng this first experimental campaign: fendtrothion and diflubenzuron,
Fenitrothion

Fensrothion s a pesticide of the arganophosphorous group. It is sold under the name of Sumihion.
The balch number of the one used was 485 3Y11. The IUPAC name is O O-dimethyl O-4-nitro-m-
tolyl phosphorothioate. From its physical £nd chemical propertes, it has the advantage of beng a
pesbeide of limited persistence in time. This reduced persistence is compensated by a rapid mode
of action. In fact, fenitrothion acts on contact, through ingestion or inhalation on its targels.
Fenilrothion has been for ten years the most used chemical agent in locust control,

Dinubenzuron

Diflubenzuron s a peslicide of the benzoylurea family. The IUPAC name s N(((4-
chlorophenyl)amino)carbonyl)-2 6-diflucrobenzamid, '

Confrary to fenitrothion, it = & product with nctable persistance It & a growth regulator, which means
that t aftacks the target at larvae stage and deregulates moulting. It is an inhibitor of chitine synthesis
which grves it the qualties of a relatwaly selective pesticide  Diffubenzuron s not in fact very toxc to
warm-hlooded animals

This charactenstic makes it a product which & used more and more in the crop pest control

Table 8.1: Technical data of trealrment
Proguct Nicro du R, Mera-UL VA Richard-Tail
ULVAMAST
Mt ploty Ternporary weter Sxvanneh plots
FENITROTHION Concantration of formuiation (1) 500 50 500
Rata (mbmn)
Viicth of passsas (m) S0 55 . 4a10
Speed of movement {rvs) " 17518 &
Frequency of Dk (Umn) 50 30 15
DOroplet size (m) HO00-5400 E000-6400
Hmakt of spragee (m) 80100 B0.100
1.820 051.00 25
QIFLUBENZURON  Concentration of Farmilalion 450 gt glgec 450 oA chluied 450 ! diutes
(o with gaz.oll 060  withgazod 080  wih gaz-ail to 60
al gt o/
Rate {mimn) 50 80 £50-480
Wicth of passes {m) 1" 0
spaed of movernent (mys) 50 30 115
Frequency of dsk (Umn) 5000-5400 2OUCHR0
Croplet swe (um) 80100 20-100
Height of sorayer (m) 18.2¢ 182.200 25

Equipment and technigue of freatmeant have bean dascribed 1n detail in chapters 2, 3 and 4.

The reatment af the two sdes of Nioro du Rip in the milet plots and the temporary ponds and that
of Richard-Tall on an area gominated by the Boscla senegaiensis was made in downward direction.
Tu betler apprecate (he regulanty of the reatment oleo-sensttive paper was piaced in the fiedd which
allowed the counting of the number of droplets of the pulverized formula.

The paper was rectangularand 6 x 1 cm.

In Nioro du Rip it was directly fixed on the millet under the ears 1.5 to 1.75 m tall according to
honzontal components facing upward toward the sky or vertical facing the wind. The papers 10 per
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sile reated were dislribuled every S m on a line passing through the cenlre and perpendicular to the
passes of the frealment

in Richard-Tall where the vegetation is very virgin and the plots more numerous, fixation was made
every 10 m on 25 te 35 cm stakes. Only the verbical element was put in place.

Alfter treatmaent, the aclual dose was calculated accordng to the volume of pesticide spread and to
the size of the sila; the papers collacted were carefully kept till they were taken to the laboratory
whetre the droplets were counted

Meteoroiogical conditions at the time of tests

The depositon of the spray in a downward direction is closely dependent on metsorological
conditions in which the tests are made. The elements defining these conditions concern both the
distribubon of the product and physical and chemical characleisiics.

The orientation and spacing of passes are fixed respectively in terms of the direction and intensity
of the wind, A wind with variable intensity during treatment causes a unequal distribution of the
product, some areas Yeated will recaise overdoses whereas others will be littie or not at all affected.

It is to be noted that too weak s wind demands the interruption of the treatment, whereas wind
changes maks modification on the placement of passes mandatory. Temperaturs, relative humidity
and fght cause wolalilisaton and phololysis. The first occurs in a hot and dry atmosphers, Part of the
pesticide goes inlo the atmosphere and does not therefore reach the targeted ares. The second
causes the transformation of the pesticide into other metabelites which can stay inaclive and in some
cases are more toxic than the base product,

Ra=in 15 also & meteorological factor which affects the efficiency of the tfreatment. The product which
has nol yet aktached itself to the target (vegstation, soil etc., ) may be washed away. Thus in any test
close obearvation of these four meteraclogical elements is necessary.

Al Nioro du Rip, we nated ganerally a lack of wind in sarly moming or if any, itis: 3 to 10 km/h only.
The temparatures were moderate because of regutar rainfalls: 25-27 °C in the morning and 33 °C
in the aftemoon.

A Richard Toll, there was also lack of wind vary sarly In the morming, but the winds remain ganerally
sirong once they start - 2o 15 km / h. Temperatures too were important 25 to 27°C at 7 h; they can
rapidily go up to 37 °C before midday, Afernoons were much warmer and dryer, intensified by total
absence of rain during the tests.

Table 8.2 contains the metereological data at the time of the tests.
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SAMPLING

If there is a determining stage in control and ressarch analysie of residues, it is without queston
sampling. It determines the coherence of the results obtained afier analysis and thus Is of high
‘importance for the Interpretafion of the latter. Sampling has been defined (Kratochvil and
Peack,1989) as the picking up of a certain quantity of elements the analysis of which will reveal the
charactenistics of the whole which has generated them, The quantly faken shoukd contain all the
Intrinsic properiies of the entity to be studied ; in other words, the sample should be representative
of that entity. This concept of representativity can create difficulty with the sampling.

In Tact the milieu under study can be heterogensous in many ways:

- Hetarogenety In the distribution of the pestickde used
Heterogenety in the spatial distribution on / of the target

Sampling technique used_

The technigue used was the one recommended by FAO ( 1988 ). This method In its strategies
makes It clear that the taking of the global sample is done on many points along a straight (ine which
can crose the area on all its various properties; this kne is without doubt the diagonal line in
rectangular plots where frealment passes are parallel to one of the dimensions. In the case of non-
rectangular areas, circular ones among others | the placement of the treatment passes which is
dependent on the wind , aiso indicates the position of that sampling line which should cross areas
obliqueiy. Further- more | it was decided not to include in the sampling area, the area of the sze
within ten or twenty metres from the limis,

This, to avoid the nfluence of perepheral effects which can, for various reasons, have charactenstics
very different from the rest of the site.

Sequence of sample taking

To establish the degradation curve of the fenitrothion, the sequence of sampling adopted, laking into
accaunt the data from the literature of the remanance of the product, is the folfowing:

- 1 hour alter treatment

- 24 hours sfter reatment

- 48 or 72 hours after freatment

- 1 week after treatment,

As to the diflubenzuron which has longer prsistence, to these four samples a ith was added which
took place 14 days after treatment.

The sampling technique

Sampling from Nioro du Rip piots

Millet plots were characterized by a very hemogeneous vegetation with plants on paralle! straight
lines with 0.5 to 1 meter spacing. The plants on the sama line had the same distance from each
other. During the tests which took place at the flowering-maturation stage of the millet, the =oll wes
covered st more than 90 %,

The sample constituted of millet leaf and millet ear.

The sampling was made on two diagonal lines from one 0 two leaves parplantup to 1.5to0 2
kilogrammes on the whole plot. As to the millet sars which were heavier, the samplings ware made
on the same ine but at larger intervals farther (the distance varying from 5 to 10 metres),

Sampling from Richard-Toll plots

The plots in Richard-Toll are dominated by Boscia senegaiensis. This 5 a low shrub (height varging
between 1.5 to 2.5 metres) with a dense set of branches with a lot of lsaves, giving it the form of a
globe. The leaves reccived the product on one sde only determined by the ditection of the wind
during the treatmant. All trees in the sprayed plots were sampled. Leaves were taken from the
exposed side of the frees. The quantily of leaves taken from the tress of a plot depends on their
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number and varies propertionnally between 1.5 and 2 Kllogrammes.
Sampling of temporary ponds

Temporary ponds are sites that are low areas which collect rain and ground water, They are more
or less circular, varying between 0.3 and 1 ha. Each one is rarely 1 meter deep at ite center. The
sampling was made on two diagonals crossing obliquely the Ines of passes in § to § points
according to the size of the pond  The samples are taken from the suriace of the water and ware
atrongly stired Two litres were taken per pond.

Preparation of the sample

The preparation of the sample. consist of two imporant stages: the reduction of the Inital amount
of the homogenized sample to a more manageable or reasonabie one to the fransportaton and
condionning of the sample. Neither of these two phasas should affect the represantativity of the final
sample in relalion o the piol {(leaves or ears) or 1o the pand (water)

Sample with fenitrothion
Vagetation

The millet leaves and the leaves of Boscia senegslensis, as wall as the millet 2ars were cut up Into
amall pieces with scissors, in a8 woaden hox The contents of the box are mixed in order io
homogenize it - 500 grammes of leaves (or ears) were weighed and wrapped 1 aluminum foil | The
sample thus cbtained was kept in @ cooler with chunks of ice and taken *c the laboratory
“onsetvation before the analysis was at 18 °C in a freezer

+he water

The water taken from ponds were indialy kepl in a8 bucket whese it was wall shaxen with a sick. 05
liter of that water was then put into s glass flask

A few drops of diluted chiorhydric acd were added to the contents of the flask 10 lower the initial pr
10 2.0-2.5. (In less acid or basic méieu fenitrothion is likely t» degrade). The flask was then closed
and wrappad in aluminum foil. It was kept in & cooler for transportabon and placed at + 4°C in the
freezer of the laboratory until analysis.

Samples with diflubenzuron
The leaves

The same cutting and hcmogenizing was done, but the 500 gramme-quantity was pul m an envelope
where it was dried in air Tor several days in the laboratory (diflubanzuron is rather seansitive o
humidity). The sample thus oblained was kept in 2 cupboard untl-analysis.

The water

The sample of pond water was prepared in the same mannar as for fentrotheon. in this case,
howaver, maore watar was stored (1 | per pond)
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ANALYSIS OF THE SAMPLES

The following activites were carned out
1. Analysis of fendrothion reskues at the LOCUSTOX laboratory at Dakar

2 Extraction of the diflubanzuron samples, which we enalyzed at the residue laboratory of
GT1Z n Larmstadt/Germany '

Materials and methods of dosage
Fenitrothion

Fenitrothion, which is an organophosphored was anaiyzed by chromatography in gazeous phase
(GCP). The equipment used was Deisi 200 equipped wih a photomelric flame detector. The column
was stainless, wo (2) metres long, filled with a fixed phase consisting of chromasorb (WAW HMDS
£0-100 mesh 5% OV 17). At 250 “C temperature of the oven and 25 ml / mn flow of gas vector (U
nitrogen), fendtrathion has a retention time of about three and half minutes (3.5 mn)

The extrachon and concentration of the product from the vegetation were done sccording to the
process proposad by Sumtomo (1881). The sample Is defrosted by expostion to the environmental
tomperature of the laboratory and 50 g are taken and pul in the recipient of 2 waring blendor. 50 mi
of water and 25 mi of methano! are added to the contents before the grinding. To the ground product
this obtained are put 100 m! of acetonitril: then it ie again wigorousty shaken for harmonization.
After 5 mn of decantation, the centents of the recipient are vacum fitred on & bed of 20 g of
hyflosupercel. The rest of the cake was again ground in B0 mi of the termary midure of methanol
acelonitrif (2 1: 4) then filtered, To the combined filtered product which appeared only dark green
(strong presence of chlorophyll) were added 20 ma of sodilun chloride then 150 ml of chioroform
in a separating funnel. After § mn of shaking and 3 mn of decantation, the heavy phase was
extracled and aqueous phase was again washed with 100 cther m! of chloroformic. The two organic
extracts put logether in & S00 mi round battem flask were dry evaporated. The flask was washed with
acetone and the residues of evaporation were finally collected in 25 mi of this salvant to be read st
chromatography.

The extraction of the fenitrothion in water ponds was also done according to Sumitomo's analysis
protocol (1981). Twenty (20) mi of the sample were taken then mixed with Smi of a chiorhydric acid
solution TN In a decanter flask. To this, were added 30 m! of dichloromethan and 20 ml of 5%
sodium chloride solution. After shaking and separation of the two phases, the heavy phase was
withdrawn than filtered directly on sodium sulfate anhydre. The aqueous phase was washed with 30
other mi of dichlorormethane which was collected on the same bad of sulfate. The filtered product
was dry evaporated with a revolving evaporation and the residuss were dissolved in 10 mi of
acatone. It has to be noled that the other two modes of operation used hare allow each one
ourification phase, which we went without. because of the use of a flame photometriz detector.

Diflubenzuron

Diflubenzuron is detected by high performance liquid chromatography (HPLC) In UV at 254 nm
wave-lengih. The zorbax colum was a C8 (7-8 microns) 25 cm long and 4.6 mm Inner diameter,
With an elution rate of acetonitril water mixture 55 - 45, the average retention time of diflubenzuron
& 3mn, The purified extracts of diflubenzuron from millet piant or pond water prepared on the bass
of protocol provided by Duphar (1988a, 1988h) which entalls two phases : the extraction phase and
the purification phase.,

Extraction phase

From the vegetation, the dried sample was ground in an IKA grinder and a sample of about 12 g was
done directly info & cartrdge of a Soxhlet extractor, The extraction by draining was done by a
backflow of 30 to 40 mn using acetonitril : water 85; 15 of 200 mi.

After cooling, the extract was filtered through glass wool and a test intake of 25 1o 50 ml (according
to the level of contamination of the sample) was evaporated o 2 ml and then transferred to decanter
flask previously containing 100 mi of water and 25 mi of 10 % Nacl solution. The evaporation flask
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was then nnced with 50 mi of hexan which was transfarred to the flask. After shaking and separation
of the phases, the aqueous part was washed twice consecutively with 50 other ml of hexane. To the
organic phases (hexang) collected were added 5 to 10 ml of absolute ethanel for dry evaporation,
The rasiduas of the flask are dissalved again in 30 ml of acetonitril and washed tvice in the decanter
flask with 50 mi of hexan. The acetonitil solution was dry-evaporated and the solute was 12ken in
3 ml of dichlorometane (solution A).

The purification phase

In & low pressure column with 20 em (11.7 g) of florysil previously washed with 100 mi gas ether,
solution A was combined with 25 mi of the same solvant then washed successively with :

45 mi petroleum benzin

3 x 10 ml of midure 1 (1. 9 acelone-petroléum benzin )

10 mi of mixture 2 {1: 4 acetone-petroleum benzin )
before being diluted with 50 ml of mixture 2. The eluted product thus oblainod was evaporated and
the residues were collectad with successively 2 ml of dioxane and 18 mi of 1. 1 acetonitril water
mixture used for rincing the flask:
For the pond water it was suggested to use an octadecyl C18 column (J.T Baker Brand) for
extraction and purification. The 3 em? column was washed successively with S mi of acetonitrite, of
methanol and water, then with half a liter of sample processed by a Baker extraction system. This
operation of the fixation of the product on the column can last from 20 mn to 1 h accerding to the
state of turbidity of the water. After fixation, the column was washed with 35 m! of @ 30 % acetonitril
in water, then the diflubenzuron was diuted with 2 mi of acetonitnl. Te the eluted product was added
5 ml of ethanol 100 % and evaporation was done , The residues were collected in 1 mi of 10-45-45
dioxane, acetonitril, water miture to be read with HPLC,
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RESULTS

The treatment

Table 8.2 presents the result of the droplet count and the doses actually applied. This study with
oleo-sensitive paper & not pessble with diffubenzuron whose formulation produces patches invisible
to the naked eye. The examination of the figures in table 8.3 or of the histogrammes in figure 1
shows the irreguiar deposition of the product: the typical gaps based on ten slements are idontical
to the average size. At Niore du Rip, these typical gaps represented in relation 1o the average
betwean 39 % on plot 11 and 108 % on plot 04 in vertica! component confirmed the tendency by
giving more sianificant figures ranging from 45 % on plot 11 to 122 % on plot 01 1o 04.

Al Richard-Toll the same observaton was made despie the large difference between the wo sites.
The relationship gap / everage type was superor to 27 % in al: cases but remained moderate on
plots treated lo a double dose (< 79 %). On the plots treated to a smple dose, it was twice as high
as 100 % ( 141 % on plots 13 and 111 % on plot 20)

Table8.2: Resube of the droplat counts.
Pt Dase eppiec g avna Dengty of groplats jemr?
vertical honzomal
NIORO DU RIP any 115(101) 91111}
4 455 34/37) 108(131)
9 ¢ 84/54) 45(33)
1 430 104(41) 33015)
RICHARD-TOLL 18 205 234 115) NOl IMmeesyred
13 405 17(24) not messured
15 ws 263(210) ool measured
a 845 287(96) rot measured
4 480 B51(154) ot measired
2 410 36{40) nol measured
1 470 1470) ol Ineeswred
g &5 106(77) not maasLred

Figures n paventheses are typical geps The densaty of diogs = an average coumed oo 6 X1 om cargs

The densities of deposition expressed in number of drops per e are very variable from one plot
1o the other. In simple dose they are not generally more than 100 and fall down to 17 on plot 11 in
Richard-Toll. The passing from simple dose to double dese goes with a noticeable increase In
deposition varying from 230 to 550. The examination of this depostion In relstion to wind spaed
showed clearly that on Nioro du Rip plots when the wind speed increases, the density on vertical
component become more significant than the density on the horizontal component. The same
observation on the plots treated to a double dose in Richard-Toll. showed an increase of that
deposition on the vertical component in relation to the wind. One will notice that on the Richard-Toll
simple dose plots, that relation was not the same.

In conclusion, we see thai the positoning of the oleo-sensiive paper during the treatment is
interesting for research in the residues of pesteides. It allows the svaluation of the regularity of the
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product in its dstribulion on the sites treated. In the case of the millet where the paper is at the same
heght as the sampled leaves, the results shouid be a good indicator of the intial deposition of the
product on the matix In Richard-Toll the difference in height between the Boscia from which the
sampingrasmade and the stakes canying the oleo-sensitive papers does not aliow to make such
a parrallel.

Quality of the analysis
Fenitrothion

Fenitrothion is an insecticide with physical and chemical characteristics favourarable to analysis by
chromatography in gazeous phase: a molecular weight inferior to 400 (277 only) and a tension of
mederate vapor (18 mPa at 20 °C) give it a good behavior at the thermal conditions of the elution
column. Furthermore, the use of a detactor selective for sulfur and phosphorus (FPD, TiD, NPD,
AFID) while increasing the sensitivity of the detection, often makes extraction and purification less
difficult, and aiso reduces sources of error.

Detection Limit

When readings are made by drawing the chromatogrammes of a standard which have been
subjected to successive dilutions, one reaches a threshold under which nothing can be
disinguished: that is the detection limit of the equipment for the product concerned.

In the case of the materal used in these tests, the volume of injection being 5 i habitually, the
smaltest concentration read with coherance may be up to 8.10° mg ai.f. But to reduce sources of
ermer 1o @ minimum mainly for the samples whosa few elements of impurities create interference with
the product at those low concenirations, we have deemed it necessary to consider it at 10-° mg 2.1/l
This value can very easily be repeated and gives a peak of at least 80 % in relation 1o the ampitudes
of background nolses which may occur,

Linearity

The Enearity of the response obtained is mainly a function of the range of set sensitivity of the FPD
detector which , in the analysis of residues is habituslly set at 10" and 1072 mV/A, 10° and 10
values are more amenable to formulation analysis. s quality decresses with these figures while
keeping an acceptable tolerance zone

The 107" mV/A sensitvity which is very good for the analysis of concantration solutions between 0.5
and 20 ppm. offers appropriate fneanty: chromatogramme free of background noise, calibration with
5 points most of the Sme offers a linear regression with a correlation coefficient R* superior to 0.96.
The zero forcing of this regression creates little vanation of the coefficient (around 4 % , see table
below).

At the lewest concentrations (0.01-0.1) the lincarity is siightly disrupted by the influence of a
background noise that can be esfimated 1o be lower than 5 % on the scale. By dividing thés space
info 2 parts or 3, one can get befter corelations. Thus, the usual valuee of R® from 3 or 4 messuring
points are higher than 0.9,

Controf sample

Control sampling had been carried out on 4l the plots before they were treated. Their analysis did
not show any residue.

Storage effects

As regards the control samples, samples taken before the trealment and containing a certain
quantity of fenitrothion, with the same packaging as the samples, the results obtained are shown in
the table 4.
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Tabin R 4, Fenitrathvon control samples on milet leaves
Natwe Sizs al ounc A %
1 loaf 209 1.00 o8 950
2 loat 2049 5 73 970
3 eat W0g 50 47 940
4 beat 20049 25 27 1080
| aar 2049 1.00 =) "o
2 con 209 S0 48 950
Table 2.5 Fentrothion conlral samples in pond walers
VWater Spike (mgai Quiantié (1) Cacutaled value Analysed vaue
(PPN} (FPM).
Distiied 8 | 1 0.1 on
Clear 01 1 01 009
Turbid a1 1 0.1 008

The control samples charged with 10 and 1 ppb have not been analysed
it has been demonstrated that the product kept frozen resists degradation well,

Recovery

Tesls have also been cared oul on the rate of recavery of the methods used. 4 blank leat samples
and 2 blank car samples were spiked with a 0.1 g/l solution of fenitrothion prepared with a highly
pure analytcal standard. After & 24 hour storege, those samples were analysed in accordance with
the analysis norms used. The resulte obtained show that after the analysis, 90% of the product is
found again in vegetation. The table seems to show that the result obtained remains better with the
samples with a weaker charge,

The recovery rate also seems to follow the simplicity of the method. In the case of the water which
15 anaysad without the grinding or filtering stage, we found a recovery rate higher than 98 % (lables
445)

Table 8.6 Recovery rabe of the extraction method. fenilrathion on vegetation.
Nabure Quachty Sphempg e Fondmgal Recovery (%)
1 laaf 1004 1 00 92 20
2 Isaf 100g 1.00 95 %0
3 laar 1009 S0 a7 %40
< leal 1003 50 a3 1060
1 coby 1004 1.00 80 890
2 cob 100q 50 45 S00
Table.7: Recovery rate of the extracSon method Fenitrothion in pond warler
Water Spike mg Al Quantity {I) Cakuated Anaysed Recovery |%)
Chear [+X] 1 0 0.086 =
Choar ot 1 0.1 0.06% w0
Tuon 0.1 1 0.1 0028 %8
Turtd o1 p ! 097 37
Diflubenzuron

The diflubenzuron = & compound with a high molecular weight (310.68) and a vapour presure that
makes it pratically non volatile (0.033 mpa at 50°C). The way it decomposes during during distillaton
does not make it easy 1o analyse by gas chromatography but its characteristics give t a good
behaviour in case of High Performance Liquid Chrematography (HPLC). The use of the Zorbak
Column eluted with the binary mbdure acetonitril/water prasents a good saparation of the peaks
between diflubenzuron and the interference products
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Detaction fimit

A 20 yil solution mjecton with a Dode Array Detector at 254 nim resuita in & detection limit of 0.3 mgl
or 6§ mg of difiubenzuron :

Linearity

The linearity in the concentration scale 0.5 - 20 ppm is very high and has corralation coefficents
almost equal to the Unit. That kind of device squipped with automatic Injection also offers a good
opportundy of sample indication repetiion. The recovery of the extraction method of difiubenzuron
on vegetation carned out on 2 tests gives the folloving resuits.

Tablke 8.5 Recovery mie of fhe sxtrabon method - aifiubenzureimiet vegetation,
Test Nalura Sexa . Spike Found Recwery
mgan %
1 Leat 100 50 a3 B8
3 Leaf 100 50 453 28
3 Coba 100 R 447 254
K Cobs 100 50 471 M2

The improvernent of the resulls in the tests 2 and 4 is oblained with lower elution flow in the
purificaton column : about 1 drop per second

Recovery

The same study of the recovery rate has been carned out as regards diflubenzyron in pond water
without =ny treatment. The control samples were charged from a 1 g/l standard solution of
difiubenzaron in acetone - Some drops of 1N hydrochioric acid 1 N solution were added to the
charged sampies i order 1o reajust the pH at 2 - 2,5. Then they were stored for 24 hours at4 * C
In a refigeratos The results of the analyses are shown in the table 8.9,

Tabie 8.8 : Recowry rate af tha sxvachon melthod - dfubonauronpand weled
Tgst SEe (| of waler} Charge (mg a1} Found {mg a3 Recovery % -
1 05 S.0C 4584 %58
2 05 S.OC 456 918

Here too, one must notice the simplicty of the extraction and purificalion method usod (Baker), which
goes almaost without any loss of product. That simplicity undoubtedly caused the good recovery rate
obtainad

Storage effects

In order 1o check the effect of presening the products before their analyses, contrel samples of
vegelation were taken from untreatad plots and charged with given quantilies of active substancs.
Then the mdicators were put in the same storing and transpontation conditions as the samples. The
resuls of the analyses are given in table 8.10.

Table 10 ¢ Diflunenznusn indcator on vegetation
Nalure Size of sampie (9) Charge (mg a l) Fourd {mg an) Recovery %
Mot lect a2 50.00 565,06 n2a1
Mitet it 2802 50.00 43.78 376
Atdiot con 1297 50, £2407 1041
Besow leal 2104 50.00 5084 100.7

For the water, conirols have been prepared with clear water, unclear water and distlled water in
order to observe the influence of thelr states on the behawviour of the diflubenzuron in preservation.
Three concentrations were targeted in order (o simulate the real dgiflubenzuron contents of the
treated ponds : 0.2 mg/, 2 mg/l. and 20 mg/
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The proportioning carried out on the 0,2 mg/| concentration sampies did not give any resuits because
their content was undes the detecion lmit of the devica. The 2 mg/l concentrations gave results that
were equal to zero or non mtegrated, while the ones cbtained with the 20 mgA concentration showed
@& befter behsvicur of the diflubenzuron in consarvation, even if they also showed some disparities.

Table B.11 - Fate of dfiubanzuron in pond waters
Concertrabon Nalwre Found mgi Recovery %
2mg " Unclesr Neon indregrated peak -
Clear Undatectod peak -
Distidod Non ntegrated pask .
2mg Unciear 8332 166
Clear 17.51 5755
Didetited RS | 11755
Residues found in the samples

QualNftative aspects of the Chromatograms.

The chromatograms shown by the extracts frem millet and Boscia senegalensis samples treated
with fenitrothion have yielded two distinet peaks. The first representing the solvent is an important
peak taking up 10C % of the scale and appearing within the first 30 seconds following the inlection.
The second one will regularly appear within 3.5 mn and its importance is gearad to the lovel of
poliution of the sample-between the two, the basic line is tasken down to the lowesl degree of the
scale. In some cases (first hour samples) that second paak can amive at the top of the scale. A
dilution has always made it possible to bring the reading to acceptable proportions

The reading of the extracis from pond waters required a detscion sensitivity increase going from the
10 " range fo the 107 mWA. That change that cannot affect the retention time of the fenitrohion,
wil influence the generation of residual peaks, However, it is important to say that those peaks are
far from hampering the fenilrothion peak that is locked for, as almost all of them are formed arcund
the solvent peak &t the beginning of the chromatogram. One must also notice that this sensifivity
Increase generates a background nose when the peak of the product is about 10 appeaar.
Measurement tests have shown, however, that their amplitude remains weak in general, as
compared with the amplitude of the peak of the product (below 10 36).

As regards the diflubenzuron, the use of the UV detection at the 254 mm wave length makes &
possible to find many residual peaks.

The readings on the (millet or Boscia senegalensis) leaves and on ears , sample in which the deposit
15 usually important, do not present any probiem * the peak which is ususlly important as compared
with the other peaks appears between 3.1 an 3.2 mn while the lafter ones are often eluted before
the first 2 minutes. |

For the low concentratons close fo the detecfion limit (0.3 mgh), the roles work the other way round
‘the resdual peaks take up 100 % of the scale while the peak of the product, despite being visble,
Keeps a proportion below S %. Itis remarkable however, that there are no other peaks around the
product peak, which would interiere with It.

The test results
The fiest remark to be made is that all the resulis on vegetation are quantified in kg of fresh leaves

orf ears. A study to the water content of the various moulds targeted here, carred out by steam-room
drying (105 ° C for 24 hours) shows the following resuks: table 8.12.
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Table 8.42: Waler conlert of the vagelation sampies
Sate Nadire _Aweiage (%) Numnber of measure urils  Standardgap

Nitiet leat ™7 15 316

Fresh Mitiet co G284 n 835
Boscia keat 4745 12 443

Mibes fesd 9.52 A O.1s

Oried * Miked oo 29 3 0.6e
Boscis fea! 206 4 Q.03

The cry state of e moulds was oblamad naturaly * hoies had bean made on the sampis wrapping for air

circuation and the sample Nsell wos spread for several days on the laboraiory bench Only the
aiflubanauron tragted samphes were submitted 10 SUCh 3 Crying Syesem

The resulis on vegataion of diffubenzuron were correctad by multiplying ihe result obtained from the
test sample analysed by the factor (1 - L)/(1-t) where ;

L= water content of the fresh sample (see the first 3 values in the table).

t= the water content of the dry sample (the last 3 values in the table).
which respectively result in the following correction values :

d,=2756 10" forthe millet lsaves

d,=411.6 10" for the millet cobs

d,=583.6 107 for the Boscia senegalensis

Table 8.13 ; Fertraihwon anatyss resulis.
On millet leaf
Hows siler e Mg of achive mgredmrieng of wel miel eat
bealment
Plct 01 487 Piot 04 454 Plt 03 403 ok 11 422
1 67 .45 o662 773 5314
24 356 0.842 1342 251
) 0.51 199 1.85% 55
188 ol 0035 008 a7
On millet ear
Number of hours aftes treatrent mg of aclive ngrecients’ky of miket cob
Piol 04 437 Pio: 02 308 ~ Picki1428
1 PE] T 5.082 2748
24 1.288 5.108 1.082
43 0442 2591 0455

155 0054 C4 028
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Table 2.13 conlinued.
On Boscia senegalesensis leaf
Numder of hours mg of fenitalhankp Boscla sensgaasis leal
nftér trestment »
Plot 08 844 Flot 09 450 Plot 13 442 Plot 20 453 Pt 13 005 Pt 505
1 105.7 921 a2x 3ne 1055 578
24 36 41 s
72 g 1074
168 685 114
In pond water
Numbey of howrs afler mg of actwe ingrediamsstie of walar
freatment
Koudote 356 Wirrbody 490 Gandiang 575 Dasdiam 500  Mbambah 601
1 C03s o.ozy 0031 0163 o148
24 ames 00 ooz 0015 0.005
43 Q01 000Es 0013 ND 0004
144 0.006 ND 0.004 ND 0.003

Plot code. plot number followsd by real dose (fields). Ponds; see chapter 2.
Fenitrothion

On millet vegetation, the values obtsined one hour after treatment range from 55 to 71 mg of
fenttrothionkg of wet leal. Their conformity refiects #y regularity of the treated piace (millet plot) and
the regularity of the dewice used (micro ULVA), On milet ear, the values oblained one hour after
freatment are weak compared with the daposit on the leaves.

AtRichard Toll where we carried out treatments with 2 different doses, we got two types of values.
For the single dose (450 g ai/ha) we got 2 highly comparable values - 42.28 ppm on the plot 13 and
38.96 ppm on the plot 20,

The values 92.10 obtained on the plot 09 may be due to a higher wind speed (3.75 m/s) whereas
on the other plols thal wind speed was below 2.5 mis.

On the sites treated with the double dose (800 g a./ha) we got values close to 100 mgallkg: 105
mg &/ kg on the plots 08 and 18 and 98 mg &, / kg on the plot 15.

Although the nile of the proportionaity seems to ba implemaented by the shift from the single to the
double dose, one can notice certan discrepancies in the relationship between the desa and the initial
deposit {figure 8.3 & 8.4)

The pond waters show low residues which are related their volume compared te the volume of
pesticide spread ; the first 3 values obtained on the sampies taken 1 hour after the trsatment are
clese to each other, just ranging from 27 to 34 ppb(yg of fenitrothion/litre of pond water).
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Tabte 8.14 ; Diflubarzuron residues
On millet leat
Hours afles mg of active ngredentskg of wet ke?
fraatmesnt s
Fotds 51 ot 1082 Plot 03561 Plot 0556
| G568 BARR) 815 274
4 2378 083 Not token Not tawen
48 162 1248 Not taken Net takan
158 8% E&4 Not taken Nef taken
336 833 o] Not taken Not taken
Onmille: ear
Number of "ours afar regtmant o af ackive ingrexisxitivkg of wel ot e
Plot 05 51
] an
24 200
28 06
] 163
335 1.45
On Boscia senegalenss leal
Number of hours Plol 02 118 it Q7 130 Pt 12118 Pol 160 Plat 16 114 P17 40
after lreslment
1 67 83 2454 6883 Lol 57.23 H5s
24 67
168 326
338 180
Pond waters
Numzar of Rours Concantiation 11 Ml of prodLet i wales
aftar troatment
74 ¥onaro 60 L 1
1 2.005 nany 0004 008 018
24 Not detactad Nat oetectes Nt detected ot cefected Not detectes
2 Not delactad Nat detected Nt delected et cetected Not catected
180 Not delected Mot detecied Nt detected Mot ot tes Not cetected
338 Nt dateced Nt Oetected Nat detectod Mot clested Mot detooted
Diflubenzuron

The data presented n tabie B.14 on dfiudbenzuron lead almest 1o the same conclusions as the ones
made on fendrothion. This product, treated with & dose at least seven times lower than the one used
for tendtrothion (60 g-a.vha only) gives in | hour after the treatmenl a deposit that does not reach 40
ppm on millet leaf. That 1s now 26.74 ppm on piot 05 | 33 ppm on plot 10 and 35.59 on plot 08 are
oblained The 8 ppm value obtained on the plot 03 treated with a bigger real Jose Is difficult to
explain. As far &s Ihe ears are concerned, only one plot was subject to sample taking. The 231 value
that was found once again shows the small deposit on that sample material. It has a smali display
surface and an apparent volumetric mass higher than the one of the millet leaf. On the Richard Toll
sites, the 4 plots freated vith the double dose make it possible, upon the first sampling. to note two
diferent values between 67 83 ppm on plot 02 and 57 ppm on plat 16 A jow value of §.83 ppm is
10 be noficed on plot 12 and, between the two, a middie value of 24 pom on plnt 7.

The single dose studied on the Richard Toll site shows 2 quite similar values: 8.20 and 9.93 ppm on
plots 14 and 17. Atthe water sites, the low values are still confirmed at less than 10 ppm in
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were treatec «th doses higher than 100 g as’ha (the standard one beng 60) gave 18 ppb
concantrator

There again. he mfferences between the characterstics of the ponds (depth, pH .. ) may well be the

gause of the fack of coherence in the relationships between the nominal dose and the deposit (figure
4)

Degradation

Table & 15 shows the bahaviour of the studiea products in the environment. In all the cases the
fenitrothion on leaves is subject to & level lovering beyond 50 % wathin 24 hours.

In water and ears, the low contamination leve! is compensated by a siower disappearance. The
degradation of the remaning half of the product usually takes a long time aftar the first 24 hours

TablaB 15 : Ha¥.life penoos
Acirie tastenal Pict R i 7 T NO
ngredients
o1 g2 14 25 Kl
Mélct loaf 04 96 7 4
0% =] 12 1
11 G 18 o 4
o4 @8 a5 65 4
Mt aar o9 o 3t 4
11 74 40 4
Fenitrathon Pond Wale( Keudele 83 64 7S] 1
Gandeng ag [ %) 3
Wimbody &4 14 a8 3
MBanbath 38 45 024 4
Bozrla Daladiam 1 7 2
sanogalensis >
o 77 a8 50 4
4 g @0 20 57 4
04 o4 27 73 4
e [ ) 18 g +
{‘ ] 75 173 25 3
10 <) 131 26 3
Miet lea! 08 B85 146 25 S
3 10° S ) 3
Ofluberauron Milet Cob 08 57 534 204 4
[ 20 Gio 156 4
B Senegeensis 02 pt) 51 1 g 3
i o &4 X 16 3

R® = Correlation coefficient - t . : half Iife period - T : theoretical initial depasit.
N.O = Number ofcbservations used In the linear regression.

* = Correlation done on the hypothesis of a degradaton of the 2 order while the others
foilow the hypothesis of 3 1% order correlation.

For the benzoylurea compound. the data from the millet ledf study reveal that the disappearance
ef the product is slower than of fanitrotheon © hall of the degradation occurs only by the end of the
second day after the treatment. That persistence was definitely revealed on the millet ears where
sampres taken after two weeks still reveal a presence rate of the product highar than sidy two (62)
%. However, the data obtained from waler analysis show another aspect of the behaviour of
difubenzuron in those sites: the product was detected only an the first sample; the other samples
(24 hours. 72 hours, 1 week, 2 weeks after treatment) gave results that were beiow the delection
lirits of the davice, that & to say concentrations theorescally below 0.6 ppb
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Half-life periods

The mathematical processing of the results allows us fo estimate the half-life penod of the pesticides
(t,2) which represents quite a good index of their persistence. It also makes it possible for us o
assess by extrapolation the Initial deposit rate oblained by the means that were usad.

In 50 doing, one must adapt a mathematical model capable of keeping track of hat degradation. The
research of that model Is done by confronting the experimental results with the results of the formal
analysis : the method gives an equation of speed and ntegrates it using experimental results. The
nature of the data (figures 8.5 & B.5) leads us to the postulation for a simple reacton of first order
degradation. The results are shown in the table 8.15.

Fenitrothion

The kinetics of the zero order was eliminated for lack of knearity between the concentrations of the
various samples and the dates when they had been taken. This led to very low correlation
coefficients (below 0.5) during the application of the linear ragression.

The kinetics of an order higher than or equal to 2, the calculations of which do not appear in the

charss, unike the kinetics of the zero order, led to linear regressions whith a constant that makes it
possible to determine the inital pesticide deposit being highly negatve instead of being a positive
number smaller than 1. But the correlation coefficient remains one of the best, For those varnous
reasons, the hypotheses of kinetics of those orders were also rejected.
The hypothesis of the kinetics of the first order was confirmed in most of the ceses. The linear
regressions calculated on the neperian logarithm of the pesticide content of the sample as a function
of ime, led to comretation coefficlents very close to 1. The characteristics of the regression (slope of
the line Log(content) = {(time) and its intercept) are all coherent. The periods or half life obtained
from those regressions based on the first order hypothesis vary with the studied materials. In so
doing, they range on average from fifteen (15) hours on milet leaf to forty five (45) hours in
pondwater and, in betweén: thirty five (35) hours on millet ear and thirty six (36) hours on Boscia
senegalensis.

By obsenvng the material, one can notice more or less important variations between the values of
those periods. We think that they are due on the one hand to the statistical errors sbout the period
estimation and on the other hand to the climatic aggressions 1o which each plot was differently
subject. This remark is even more obvious if we conskder the ponds in which the various factors such
as the turbidaty, the pH, the water level variations and the abundance of microorganisms, can vary
in siynificant proportions. ‘
By observing the initial theoretical rates of deposit one can notice a downward correction except n
the case of the millet mars where they are slightly above the results founds, regarding the samples
taken 1 hour after treatment.

Difiubenzuron

The same comparative study was done with diflubenzurcn. Despite the restricted number of data,
the results appear to be more heterogenous than in the case of fenitrothion. That is why the
regression done on the diflubenzuron analysis results on milet leaf present a range of consideration
choices about the order of the degradation reaction. In fact the correlation coefficients obtaned
increase from 0.86 for the order 2, to 0.87 for the order 4 for plot 8. However, the coherence of the
velues of the integration constant stops at the order 2 for plot 8. The periods respectively obtained
for piots 8 and 10 are 146 and 73 hours (resulis obtained with the order 2) which widely expresses
the importance of the pemistence of the diflubenzuron compared to fentrothion In the same material.
On millet ear only one case studied presanted a doubtful point (the one taken 48 hours after
trealment) the regressions done on the S paints show very bad correlations (R® below 0.004)
whereas the truncation of that doubkful point presents a series of regressions with a batter correlation
coefficient. That correlation coefficient as function of the hypothetical order of the degradation shows
a maximum between the orders 7 and 2. The halllife periods are of the same importance and
increase as the order goes up. The periods obtained with the most probable whole orders are : 618
hours (for the 2* order) and 538 hours (for the 1" order) those ever increasing values confirm the
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capacity of this pesticide to resist dagradation better on ears than on leaves (mille or Boscia) or on
pond water.

The same heterogenous behaviour of the degradation movement of diffubenzuron can be noticed
on Boscia senegalensis leaves.

By eleminating the doubtful point (the 4th one), one can get fairly good correlations for the
hypotheses of the orders 2 and 3. The periods obfained are respectively 39 hours in the hypothesis
of a second order and 23 hours in the one of a third order.

DISCUSSION
Fenitrothion

In millet, the figures obtained for each material vary a lithe when we shift from one plot 1o another.

Teble 8.16 Paralelism between periods on aves and on ears
Pits Terioanesl (Fows) Feriodiear (DOUrs)
3 12 3
ot 14 35
11 18 2

If the plots are arranged according to the increasing order of the periods on millet leaf, the same
grading persists when ears are considered. In other words, the degradation speeds seem to depend
only on the site treated or, more precisely on the weather conditions that the compound is subject
10, during the display period. The table 16 illustrates well the grading that was done,

Table 8.17 gves the weather conditions on the plots during and after the treatment. Piot 09 treated
at 15 o'clock in a moderate (27 C) and humid (88 %) weather and having had a strong rainfall (18
mm) before the second sample was taken presented the fastest degradation of the pesticde. As the
treatment conditions were almostidentcal to the ones regarding the plot 11, it may well be assumed
that the rain weter had a significant effect on that quick dsappearanca,

The plots 04 and 11 which presented longer half-kves had more favorable weather and a longer
period before rain.

The comparative survery on the sites of Nioro and Richard Toll also reveals that fenitrothion treated
in a dry area (hot and dry weather) disappears less quickly than n & rainy arsa

The observations concaming ponds show more or less different half-lifes. One pond (the Mbambah
one) showed bad correlation It is difficult to interprete these differences.

The charactenstics of the ponds treated with fenitrothion during the sampling process includa the
water level variation, the pH and the temparature prevailing during each sampling. By comparing that
with the result of the analyses one can see, however, that the pond presenting the highest of
degradation of fenitrothion has the lowest pH at the most constant level.

Table 817 : Wealher conditions ot the plote during the tesie
Fict 01 reared at 17 o'clock, 487 g mha Pt 04 teated & 12 0 clock, 5 gavha
34° C and 71% humidky _ 12' C and 55% humicity
Date Ranfsll Tosal bafore Samgie Dae Ranfal Tota before Sample
samping sanping
canam Q 0 1 021251 0 [} 1
cei13/92 1.3 13 2 081354 13 13 2
anasz 0 13 3 o814 Q 13 3
canas 14 153 B 0a1952 14 15.3 4
Plol 00 treated 81 15 0 Cock, 406 § 8 iha "Plol 11 reded 8l 10 0 CHCK, 428 g 4 va
27 G and 88% bumidity 27* € and 85% rumidity
Date Ranfall Tolal before  Sample Date Rainfal Total bafors Sample
samping samping
a1 13 0 1 091291 0 0 1
o292 0 18 2 01393 13 13 2
canyez 13 193 3 01491 [ 13 3
oA Bt 0 193 " 01992 14 153 4
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As a conclusion, fenitrothion on vegetation appears sensitive to rain water by twe possible ways of
disappearance.

The dsappearence of the product by washing is very likely to aocur when the rain falls durng the first
hours foliowming the treatment, or if the compounds used are not systamic ke the fenitrothicn. That
phenomenon remains all the more important as the rains are abundant, for example in the cass of
plot 8. The degradation by hydrolysis can also have sigrificant effects.

The comparaison between the piots 04 and 11 In Niore du Rip on the one hand, and the plots 08 and
0% in Richard Toll on the other hand seems to reveal that the temperature prevailing during the
treatment seems 1o have significant effects on the disappearance of the products in thoss sahelian
areas

Diflubenzuron

The survey on diflubenzuron is hampered by the msufficient number of cases trested. For Instance
on leaves, only 3 sites were completely treated : 2 in Nioro du Kip and 1 in Richard Toll,

Table 8,18 : Waathar conditions prevsiing dunng 11e suUrveys in the plots
Piot 0@ troatod at § © clock, 51 g a.vhe Pict 10 breated ot 11 20-12.95 0 Cicck & S g e.ita
30° C and 93% humidty A4* £ and 0% humidity
Dale Rainfel  Totalbefore sample Samgle Dade Raindal  Tatal before sample Sampie
taking . taking
081391 13 0 1 [ RRTE] 13 0 1
o142 o 1.3 2 081453 0 13 2
oS 0 18 3 05155 0 13 3
0209 16 1.3+14(19)15 4 052032 16 1.3+14(19)m15 4
2752 01 15327 1(26)41%5 5 082782 01 15.3'27.1;3)01 a5 5
8

In Nioro du Rip there s a significant difference between the two periods found In the results from the
plots 08 and 10 (Table 8.15). Again, the product treated under milder weather conditions lives longer.
In fact plot 10, treated at 12 o'clock under a 33% relative humidity decrease and 4° C temparature
increase as against the weather condtions prevading during the treatment of the plot (Table 8.18)
presents shorter periods.

The slight rainfall before the second sample taking does nat seen to have much influence on the
first ime degradation and, unlike the fenitrothion case, the effect of that rain is not obvious on the
freshness of the treatment. Furthermore, the 58 mm rain that eventually fell on the product during
the sampling pericd do not seem to have speeded up the desappearance phenomenon of the
preduct. One can logically infer from those observations that the diflubenzuron on vegetation is not
very affected by rainwater, Moreover, this conclusion & confirmed by IRPTC (1981) which, while
dealing with the diflubenzuron remnants on cotton, confirms its persistence during the wet szason.

For Richard-Toll, the observation of the results of the plot 2 only do not make it easy to draw any
conclusions. But, despite the absence of weather data, we noted that that area is g=nerally sunny,
hot and dry with strong winds. which can centribute in speeding up the degradation of the product
| Al least that is what the result reveals, with a shorter period, compared to the values found in the
Nicro du Rip site (only 51 or 38 hours depending on weather we consider the hypothesis of the first
or the second order). The absence of rain In that Richard-Toll area highlights the affect of the high
temperatures and the weak humidities and the wind (volatilisation or photochemical decomposition).
This remark also agrees with the conclusion of IRPTC (1991).
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The result from the millet test match badly too, However we can sae {(1able 8 6) that the product.

here again, resists rain water. In fact despite 14mm of rainfall on the Bth day and 27.1mm on the

13th day after treatment, maore than £2% of the product was remaining at the end of the 2nd week

:iera again we find the same capacity of the milet ear to keep the compound lorger than the leaves
0.

The results of the work done on pondwater leave many-questons unanswered. In fact unlike what
we found on vegetatonthe figures revealed by the analyses show a clear instatilty of the
difiubenzuran In pondwater. No trace of residues has been detected 24hours after the treatment. Any
attempt to expiain this phenomenon necessarily leads us to considering the characterstics of the
waters trested. We notice, while observing the chart including the so called characterstics of the
walers (see annex) that except the pond of Kouare, all the other ponds have a pH over 7, wheh
proves that those sites are basic Furtharmore, by observing that very annex,one should nole the
relative importance of the temperatures noted durng the sampling. They are different depending
on which pond is considerad and can change from 28 - 28 c in the moring. 1o 35 - 37 in the
afternoon. |f this physical and chemical aspect of the waters cannot provide any expianation on the
quick disappearance of the diflubenzuron one can sill refer to many authors of publications
according 1o whom dffubenzuron can only be well kept in water if the pH and temperatures are low

Besides, most of the pondwaters in the Nioro du Rip area are wrbid partly because of an important
biological activity but manly because of the daily presenca of srumais thal come and dnnk, This
observation on the turbid waters (see the visibilines expressed in cm of depth as regards the same
ponds during the same period of 1992: table 20) provides explanabons aboul the presence of
suspended substances and sediments that due 1o the hightly Ipohile character of difubenzuron. may
mix well with . Thus they may gradually absorb £ To sum #t up, we found fram the results of the
surveys the characlenstic of persistence of diflubenzuron on vegetation n the 3 cases of sold
matenals studed, the periods that it peesented were by far supenor to the lenitrothion penods. the
results obtained from the analyses done on the ponds show however that the persistence of
diflubenzuron depends on the milieu which, in the present case causes ds lifebme o be cut cown
to less than 24 hours Morever, difflubenzuron locks less affected in rainy areas with moderate
temperatures than in hot dry and sunny areas: the comparative study of the Nioro du Rip sites 2nd
the Richard-Toll sites shows a longer remanence of difiubenzuron in the former than in the 1atter
cases.
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COMPARISON WITH OTHER RESULTS AND STANDARDS

We can sasily compare our rosults with some surveys already carried out in the sahelian
environment Those surveys include the studies by Everts (1990) and the US. agency for
International Development USAID (Dynamac 1988), In the first survey, the lests were camed out in
Richard Toll. The products testad were the same but the treatment devices used, the material
bearing the product and the Nioro du Rip site brought about the difference. As regards the second
study, the common product is fenitrothion; the treatment dewces and the mould ara also differant

However, we can nofice that the 'spedﬁc data are alike: the simple nominal doses used are:
As regardcs fenitrothion

485gai/ha Evens
500gai/ha USA tests
456gaisha  Actual study

The result companson can be done ai 2 levels;

Level 1 The intial deposit

The chart companson (figures B.7) shows, despite the differences already expressed. a good
similarity about the fenitrothion results in the 2 surveys. the numbers found are similar. Howerver,
it & 10 be noficed that the deposit values are less important in the results of the 1988 and 1389
surveys. That prenomenon may be due fo the different means of treatment used.

Level 2 : The degradation of the products

The obsorvation of the chart lines relatve to each survey do show that fenitrothion has the same
degradation pace in these sahelian environments, The non presistent characieristic of fenitrothion
is shown in the 3 surveys. In most of the cases, the disappearance of half of the the product
happened before the end of the first 2dhours. Excepl the cass of the 1989 surveys in which the
sample taking was stopped 4 days after the treatment, the disappearance of the product at the end
of the first week Is almost complete. The ralatively slow disappearance of fenitrothion in the dry
envirenment of Richard Toll in 1989 also exists in the present survey

The persistent characteritics of the difiubenzuron pesticide on leaves are aiss shown in the 1989

survey, despite a certan disparity of the results, the product is still notably presant 14 days after the
treatment: a rate over 2 ppm in all casas

Table 8.19 shows a representation of the test results In the scale of the standard.

We notice that fenitrothion treated on vegetation also complies by the standards regarding animal
fodder right on the first day. I, in additon to that, we consider the leaves of millet or Boscia as edible
by human beings, 2 remarks are to be mada.

In a rainy environment like Nioro du Rip. the disappearance of the product before the madmum
residue fimit {MRL) is underway right during the first week.

In Richard Toll,In the two cases studed the consumption of the product by human beings was to be
prohibited during the first week following the treatment,

When comparing ears and grains, we notice the low deposit of fenitrathion on mould. The MRL is
not exceeded in 2 cases, in the third, the product Is ready for consumption before the end of the
second day.
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As regards diflubenzuron we lack standards for the fodder and the grains. The admission of
millet leaves and boscia to human consumption indicates compulsory deadiines longer than 14
days in the cases studied here
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ANNEX 8.1:  Fenitrcthion: pond oan;cmiws during the sampiing period.

Pond Dates pH Depth Temperaturas
17000 605 04 n
18.00.91

Koudole 200051 825 04 3
zme 523 04 v
17001 875 039 kS
18009

Wimbed| 20.0991 658 0.34 rig
23099 823 823 3
170861 873 08 %7
16089

Bamba 1 200991 67 038 2
2400 67 030 Nn
17080 594 n2e 325
180091

Gandan 200031 7.2 0¥ 3
24083 ax 048 £
170891 6.4 02 2
180891

Dalaciam 20091 64 017 26

22.009 62 017 2
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ANNEX 82 : Difubercuran: Pend cacactensics durng the samping percd

Fond Dates pH Depth Tempersiures howrs
15.00.91 718 043 s GHOS
16.00.01 L
192081 54 De 26 BHSS

Sadiowar 23.0001 703 0% 20 8450
30.09.91 606 C+ 0 10H 20
150808 742 Qse N 164 00
16.00.91 166 35
1209.91 7 0.55 28 f7H45

Debreye 23.09.91 73 0.7 s 16H0C
.08 6At o8 35 1THOQ
15089 66 045 30 12+ 40
1600 138112
180891 726 03 33 14H 00

Fana-aws 24069 714 oxn 31 11420
a1.10%1 7.32 03 5N 1THOO
150981 6.84 05 %5 BH 48
160991 15H 50
190091 - 895 0s 3 12H 20

Kouare 2408 9 6.76 04 28 o410
01105 66 05 28 $H 00
150951 074 7 12H &
16.00.91 72 104 00
190581 812 T 3 10H 50

Paagne 23085 833 n6s 33 13H 0D

30.09.1 7.6t u.e 3% 13415
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CHAPTER 9

Deposition and degradation of fenitrothion and
diflubenzuron on vegetation and in the soil.in senegal &
residue survey in the millet stores in rural areas (1992
Campaign).

SUMMARY

Millet parcels at the flowering or maturafion slage at Nicro du Rp (Centre of Senegal) and semi-arid
pasture sites at Richard-Toll (North of Senegal) have been separately treated with fenitrothion,
diflubenzuron. bendiocarb and chiorpyrifos. Deposition and fate of these pesticides was studied.

To this end, the vegetation and soil of the parcels at the flowering tme and the grass of the pastre siles
were sampled after treatments.

Millet ear was sampied on millet parcels during a week before their being harvested. After harvest, the part
of threshad milet s stored in bags and the other part of millet cars is stored in a loft. Samples wera taken
10 follow the residues during the storage.

A micro-ULVA trestment with the recommended doses (450 g a.iha for fenfirothion, 80 g ai/ha for
difiubenzuron, 100 g =.Lha for the bendiocarb and 240 g a.i/ha for chlorpyrifos) resulted n average initial
depositions of 40 mg a.i.%g of wet millet leaf for feritrothion, 50 mg ai/kg of wet leaf for dfiubenzuron.
Haif-fe paniods are 5 hours for fenitrathion and 400 hours for dflubenzuron On the soil, the average inial
depositions for these two products are recpectively 0.95 and 3 94 mg a.i/kg of wet s0il and the average
hatl-life periods are: 30 and 50 hours.

At Richard Toll, the treatment of pastures has given the following average Infiial depositions on grass
(Tribulus terrestns) . 82.0 mg aifkg of wet grass for fenitrothion, 40.5 mg a.i/kg of wet grass for
diflubenzuron, 37 mg a.l./xg for bendiocarb. The half-life periods are markedly different from those found
at Nioro du Rip and are of 25 hours for fenitrothion, 83 hours for difiubenzuron, and 18 hours for the
bendiocart. On the soil, the average iniial depostions and the half-life periode are respectively: 018 mg
a.i/kg, 62 hours for fenitrothion; 3.25 mg a.i/kg, 223 hours for diffubenzuron; and 0.028 mg a lkg. 114
hours for bendiocarb.

The milket parcels at Niors du Rip, treated with the recommended doses in the framework of the resklues
survay in farm stocks, have given nitial depositions of 0.44 mg of fenitrothion/kg of wet ear, 0.20 mg of
chiompyrfos/kg of wet ear, and 0.18 mg of bendiocarb/kg of wet ear, Afler harvest, the products stored in
the lofts and in bags are very little contaminated and respond all to the standards of consumption,
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INTRODUCTION

As for the ‘81 campagn, the '92 campaign was carried out in the rainy season gaing from the month of July
to that of October by the same plundiscipiinary team (Chapter 8).

The studies described in this chapter aim at:

1) The continuation of the 1991 research activites for a confirmation of results on the Initial
deposition of pesticides on certain matrixes, and of studies on the degradstion of
pesticides In the environment. In 1991, diflubenzuron has been studied on a less
imporiant number of samples than fenkrothion. The present study will aliow to make up
this defict by increasing the number of studied cases by an intense sampling sirategy as
well in the sites of Nioro du Rip as in those of Richard-Toll,

2) The extension of research actiities to other fields and to other pesticides by profiting from
experiences acquired both in field and laboratory works -

That is how the study on miliet vegetation in four parcels for fenitrothion and diflubenzuron has been taken
up agan for the Nioro du Rip area where samplings have been done on millet leaves and on the sod. The
sampling on millet ears has not been possible due o the fact that the treatment date has been advanced
to the last week of August, a period when the miliet is only at the start of &s flowering stage.

The samea study including fenitrothion and difiubenzuron, but alsc bendiocarb has been carried out at
Richard Toll. A change in the choice of geographic sites and in the meleorologic conditions of the pre-
treatment period failed the sampling of the Boscla senegalensis which has been replaced by an
herbaceous speciss : the Tribulus ferrestris,

Sall for these three compounds, soil samples have been taken on the Niore du Rip and Richard Toll parcels
with the same periodicity as for the vegetation.

The study includes a treatment with pesticides on the millet parcels of Nioro du Rip and on the pastures
of Richard-Toll. This stage is followed by sampling over a period of ane to two weeks according to the
remanence of the product. The prepared samples are stored until they reach the laboratory where they
vl be subject lo the residue analysis. The results of analyses are used fo describe the behaviour of these
pesticides in a sahelian environment,

in addition to that, this campaign has been marked by & residue survey in the farm millet stores of Nioro du
Rip. Inspired by the 1991 results on more or less long half-life pericds of degradation of fenitrathion on
millet ears, we thought it necessary to search for the residues of the pesticdes generally used In Senegal
and in the Sahelian sub-region in case of locust invasion: fenitrothion, chiorpyrifes, and bendiocarb were

the targets,

In this study, we are doing a simulafion by separately treating with three products three parcels to assess
the degree of expostion to residues of populations who consume the milet. The doses usad are the
recommended ones for each pesticide. Four first millet ear samples are taken from each field during the
first week to determine the initial deposition and follow the degradation on the ground. Harvesting Is done
seven days afer treatment. According 10 local practices, the harvested ears are dried {during 3 days) before
being put in the loft or beaten in monars for he gathering of grains. Haif of the harvest in ears is then put
in the loft and the other half is stored In bags in the store. A sampiing is done on these two parts differently
stored for 5 months 20 as to be subject to laboratory anlysis of residues,

During this campaign meteorolegic conditions during the testings and during the sampling period were
monitored carefully : temparature, daily pluviometry, relatve humidity.

The soil temperalures have also been taken during the entire sampling peried. Soll drying in an incubator
was done for the determination of their water content.
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MATERIAL AND METHODS

Ganeral alements of the treatment

Products applied

In addition to the products used in the ‘91 campaign (fenitrothion and diflubenzuron), two other products
are concerned by the treatments of the present campaign. bendiocarb and chlorpyrifes.

Bendiocard

Bendiocarh is an insecticide belengng to the famiy of the carbamates, The IUPAC name |s: 2.2 dimethyl-
1.3 benzodioxol-4-yl methyl carbamate (C,,H,,NO,).

The pure compound is a solid crystalline of white colour with 380° C as melfing point. Not very soluble in
water (0.04g/l at 25° C), it remains very soluble (up to 200/) in ordinary organic solvents acetone,
chlorolorm, dichlcromethane, dioxans. A low vapor pressure 0.667 10-6 kPa (those of the water and the
acotone at practically the same lemperature are respectively of 3.2 and 30 47 kPa) makes that it practically
doesn! vaporize at the use temperature. Its physical chemical properties give it good remanence qualities.
The product is slightly systemic and penetrates by contact and by ingestion and causes an inhibiion of
cholinesterase. A very wide action spectrum and a moderate toxicly among mammals, puts bendlocarb
in the category of pesticides largely used in agnculture, horticulture and forestry but also in public health
programmes to struggle against agricultural pests and desease vectors.

In this present study, bendiocard usad In the formulation FICAM 200 g a.4.1 ULV was subject 1o tests on
parcels at Richard-Toll where grass samples (Tribulus terrestris) and soil samples have been taken. At
Nioro du Rip it has been used for of pesticide residues survey in farm stores.

Ethyl chiorpyrifos

Like most of the crganophosphates, chlomyrifos i an insecticide which acts by inhibition of cholinesterase.
Its chemical name (IUPAC) is O,0-diethyi-0,3 5 8-tnchioro-2-pyriding phosphathioate (C.H,,C,\NO,PS), The
pure product is a white grained crystaline, with a melting point between 42 and 43.5" C. Its odor reminds
of that of the mercaptans. Not very soluble in water, it has a big affinity with solvents like acetone (6.5
kg/kg), benzene (7 9 kg/kg), chioroform (6.3 kg/kg), methanol (450g/kg) at 25°C. Chlorpyrifos is a ittie
more volatile than bendiocarb with a vapor pressure of 2.5 10* kPa at 25" C. Chiorpyrios has a persstence
that varies a lot according to the environment: its decomposition by hydrolysss in alcaline waters is quick but
keeps & notable persistence n solls going from 80 to 120 days. Its wide action spectrum covering the
totality of insects including locusts at the larva and adult stages imples it in the treatments of market
gardening and cersal growing areas before and after sowing. in the tieatment of stocks and dwelling
buildings, in the treatment of soils, polluted waters, wood, concrete elc...

Chiorpyrifos is used in this study in the DURSBAN 450 g a.l/ formulation.

Tochnique of treatment

Al Niro du Rip, the Micro-ULVA has been used for the treatmeant of parcels which has allowed to conduct
comparsons with the data of the preceding year (Chapter 8).
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Table 9.1 Campanson of yeatment dsta at Nior du Rip
Srabtemant porameters Fengicthen (SUMITHION) Ciffubenzuron (DIMILIN)
1991 1992 1681 1982
Sprayer used Micro ULVA Micro ULVA Mico ULVA Micro ULVA
Formuistion cancentration (9/1) 500 500 & )
Norsirwe dose (gha) 450 450 60 60
Flow (miman) 0 45-50 LY 50
Spacing of passes (m) " 10 " n
Mavng speed (mimn) 50 55 30 46
Disk frequaney (Vmn) GO00-8400 GO00OL<00 B000-8400 G000-£400
Size of roplets 80100 80100 80-100 80100
Hegt of spray (m) 1620 1520 1820 1820

The & drift reatment technique has been applied. The size of all plots was equal (< 2 ha). The treatment
parameters did not or marginally change. In table 8.1 the compared data of '91 and ‘92 campaigns for the
treatment of parcels are given.

For products used for the research of residues in farm stores, used treatment data are givenin Table 8.2

Tabke 9.2 Residues in farm stocks . techrical deta treaiment

Procuts & formulaton Fertrothan Sentocat FICAM Chiorpyrdos sty OURSBAN
SUMITHION

Spraye used Mizro JLVA Mcro ULVA Micio ULVA
Farmulston concertrason {g/) 500 0 240
Nomral doos (gha) 450 100 240
Flow (mimn) 55 50 35
Spacng of pasaes (m| 10 10 10
Moving speed (mimn) . . <
sk frecquasncy (Umn) 81008500 81003500 8100-6500
Soe of droplels 80100 -30-100 E0100
Heght of spaywe (M) 15620 1820 1520

At Richard Toll, the equipment and the choice of sites were different. The choice of sites which was actated
by the biological research (Chapter 4) (Richard Toll South-Eastin 1801, Richard Toll South-West in 1882)
as well as the more reduced parcel sizes depending on the maobility of studied popuiations (400m x 400m
parcels in 1991 for the study of fiying insects, 125m x 125m parcels in 1992 for the study of fermites and
ants). This reduction in the size of the parcels has involved more adequate and more sconomic use of the
MicroULVA instead of the ULVA-Mast Table 9.2 draws up the technical data relating 1o both campaigns
n the Richard Toll zone
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Table 8.3 : Comparisan of treatment dala &t Fchard Tok
Tratemerd parametars Feniirathion (SUMITHION) Difuberzuron [DIMILIN) BENDIOCARE
(FICAM)
1091 1952 199 1992
Spayer used ULVANAST Micra ULVA ULVAMAST Micio ULVA Micro ULVA
Formutaticn concentration (91) 00 500 0 &0 0
Normnal dese (gha) 450 200 &0 120 200
Flow (mlirmn) 410 a6-50 450-460 S0 0
Spacing of pesses (m) 0 10 40 10 10
Moyng speed (mmn) 50 5 X 48
Dk Fréquency (vmn) S0008400 S000-5400 £500
Size of droglets £0-100 80.100 3-100
Hesght of spray (M) 25 1820 250 1820 18-20
Pas#tioning of ofi-sensifive peper

Postioning of oll-sensiive paper has bee
of the reguirity of the deposk. This pa

per s white, B cmx 1 om. itis

n done during the treatment of sites to allow us to give account
put in position before the treatment on

the perpendicular median 1o treatment passes al the rate of 10 per parcel. Positioning covers two

compenents ; a vertical componen
and a herlzonlal component facing the sky

distribution of the product at the level of the parcel,

t which turns face to the wind therefore in the product’s altack direction,
. Both componants vertical and horzontal describe the

At tha Nioro du Rip sites where the treatment was carried out on millet, the paper was fixed on the ear at
= variable helght between 1.5 and 1.75 meters.

At Richard Roll. tha paper was fixed on iron stakes. Depending of the size of the vegeiation of the area the
height was to 0.25-0.35 meter,

At the end of the treatment, the oll-sensifive paper is recovered and stored carefully untl it gets to the
laboratory where the counting of dropiets is done by microscope.
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SAMPLING
Sampling technique
Samples were taken from a diagonal track, recommended by the FAO (FAO 19886),
Sampling frequency
The sampiing frequency depends both on the nature of the study and on that of the product searched for.
The following frequency of sampiing has bean adopted for fenitrothion for the determination of the initial
deposit rate and for the establishment of the pesticides degradation curves
- Thour after treatment
- 24 hours after treatment
- 48 10 72 hours after treatment
- 1 week afier treatment.

For dflubenzuron and bendiocarb, the study of which revealed a longer persistence. a fitth sample was
taken 14 days afler lreatment.

Forthe residue research programme in farm stores, there are two stages for the three studied pesticides:

Stage 1 after the treatment, sampling is camed out on the parcel during a week at the same
fraquency indicated for fenitrothion.
Stage 2. one week after lraatment, harvesting is done, and the millet is stored (in grains or in ears).

Sampling is dene in the bags or on the lot at the frequency of one per month.

Hour and dale of each sample are mentionned on each sample and the real duration that the sample has
spent on the ground is calculated for the determinaticn of haif-life periods of the studied insecticides.

Sampling Method
There are four types of samples In this study and each of them necestated a specific tachnique.
a) Vagetation sampiing

Vegetation samples concem millet leaves at Nioro du Rip and the Tribulus terresins at Richard Toll. Both
are homegeneously distributed at their site. At Nioro du Rip, the millet plants are equidistant from one
another and provide & vegetable cover of the soil variable from one parcel to another between 50 and 80
% while at Richard Toll, apart from the shoals which present a thick nature of herbaceous vegetaton
presence. the other spaces are regularly covered between 20 to 80 % by Tribulus terrestris. The samping
Is done along a diagonal, at the rate of one or two leaves per plant.

On the Richard Toll grassiands, the grass was cut by scissors every 110 1.5 m on the diagonal. The final
size of the sampling as well for the millet leaves as for the grass vared from 1 ‘o 2 kg according to the size
ol the parcel

b) Sed samping

Soll samples arm simultaneously taken with the vegetaton in the same parcels The soil is taken down to
a depth of 4 cm with a cylindrical drill with a2 3.8 om diameter and a penetrating part of 25 cm. A sliding
plate along the body of the drill sets the depth of the sampling. The sample & taken every 2 1o 3 melers
on the diagonal of the parcel. Humidity due to rain facilitates the capture. The final size of the sampling
goes from 2 1o 3 kg of soil according to the size of the parcel

c) Mllet sampiing
Millet ear were sampled before harvesting at the parcels the same way as the leaves, The collected
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cuantity varies between 110 2 kg

Al the leve! of the cylinder-shaped loft which has a diameter of 1 m and a heightof 1 m, and which is locally
made with tree or small shrub branches, the sample is taken on three spots at a rate of 5 points per spot

"1 atthe centre and 4 cthers st the comers of @ concantric square at the base of the loft, and are located
at 20 cm from the adge.

The three sampling spots are chosen in such a way as 1o avod the edge effects, They are aken at 20 50
and 80 ¢m from the bottorn of the loft

Two ears are taken par spot and their temperature s measured by 2 contact thermometer.
d) Millet grains sampling

Milet grains 2re saparated from the ears by threshing. It is stored in bags and kept in the farm store. The
grain samples are takan using a drain pipe long encugh o reach deep in the bag. The inatrument allows
to take @ sample rght at 5 points of the diagonal

Preparation of the samples

The sample preparation includes two important stages: the reduction of the nital size of the sampe to a
mare reasanabie quandty for the transportation and conditionning. Both of these two phases must not
affect the representativity of the sample

a) Sample treated with feritrothion, bendiocarb and chiorpynfos

Millet leaves at Nioro du Rip and the Tribulus terrestris at Richard Toll, as well as the millet ears are split
U I latie pleces using sassors and then well mixed up. 500 grams are weighed and packed in aluminium
foll. The thus obtained sample is kept in an icebox with ice blocks where it will be transported to the
laboralory  The preservaton before analysisis at -18°Cin @ freezer.

The grains are well mxed and a quantty of 500 g s wrapped in aluminium foil and the whole is closed in

a piastic jar  After putting &t in @n icebox for the transportaton. the sample is stored under the same
conditions as the mikel sars

D) Samples tmealed with diflubenzurcn

Samples of millet leaves and 7. temesins were homogenized and splitin the same way. 500 g was air aned
in the laboratory

Preparalion of controls: Preservation method testing

A control sample is prepared by spking a clean sample with a known guantiy of product. The spiking
solulion & prepared in acatone with the formulation at 300-2000 mg ai/l. Acatone is known for its high
volatility and s capacity to disolve pestcides. The voluma of saluton corresponding to the deposit is taken
with high-precision micro pipette and poured drop by drop on the surface of the spread control sample.
Aftes & fow minutes of evaporation of the acetone, the control is carefully mixed, wrapped and stored under
the same condibons as the comespondng sampies til the moment of analyses.

It will he noticed that the preservabon duration of the sampies and of the controls that go with them, vary
between 2 1o 6 months  the first anes with fenfrotivon were analyzed in December 1882, and the last ones
with bendiocarb have been anlyzed in February 1993,

Preparation of controls : Racovery rate
The sample preparation for the determination of the recovery rate of the analysis methods & done in the

same way apart from that the spiking solution is an analytical standard of purity next to 100% and the storing
duraton excesds seldomly 24 hours (Annex 4 . praparation of controls).
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ANALYSIS OF RESIDUES
Materials and methods of extraction, purification and reading of samples and controls
Fenitrothion and Chiorpyrifos

These two organophosphorous compounds were analyzed by gas chromatography. The device used is
a Delsi 200 equipped with : a Flame Photometry Detector (FPD) selective for sulphurated or phosphorous
compounds and a filed glass column 2m long, 0.6¢mm (1/4") of inner diameter and 2mm of outar
diameter, The inert s a chromasorb WHP HMDS consisting of particles with a 80-100 mesh, The lquid
phase is a gel OV 101 Impregnated at 5% cn the support,

The extraction and concentration of the compound on he milet leaves were carried out according to the
protocol proposad by the manufacturer (Sumitormo 1981).

a) For the millet ears and grains, the exiraction of pesticides in the cereals is carried out using an
adapted of the Steinwandter method usad by the GTZ/Darmstadt.

1) ThogmareﬂrstgrouruinaanAGlhda.Thenatantquanm/ofzswsmoh:enedwith
waler in a WARRING Blender. 200 m! of acetone and 30 g of sodium chioride are added
and mixed up for about a minute. 150 mi of dichlaromethane is re-added before
proceeding to a second more vigorous and longer mixing, After @ 5 minute pause, the
mixture is filtered on anhydrous sodium sulfate bed (Na.SO,) (4 to 6 spoonfuls), The
progressive and complete recovery of the mixing sclvent is done by addition of 3 small
quantity of NaCl .

2) The thus obtained filtrate is decanted in a 500 mi glass balioon and evaporated in the
Rotavapor upto 5 ml.

3) The 5 mi are transfered in a 10 mi gauged vial and the balloon is rinsed with acetone so
as to bring back the whole to the gauge line.

b) From the soil, fenitrothion is extracted according to a method copied from the residue analysis
laboratory of GTZ/Darmstadt/Gesmany -

1) 50 g of moistened soll with 15 m| of distilled water (OW) are caried with 400 ml of a 11
hexane madure: aceton in a Shott Duran flask and shaken for 3 hours at the mechanical
shaker.

2) The flask content is filtered in a balloon on folded paper and the bottie is rinsed with 50
mil of the mixture. Atthe end of the fillration, the paper walls are washed with aceton jets
using a Pasteur pipette.

3) The balloon content is then evaporated up to 80-80 m! and decanted in a decanting vial
with 600 mi of DW and 10 mi of a solution saturated with NaCl for washing. Recovery of
the organic phase will be followed by washing of the aqueous phase with 35 ml of hexane.
The collecbon of the crganic phases in a same decanting via! of 250 ml allows to have
them undergo two new washings with 100 mi of DW In prasence of 5 ml of the NaCl
solution,

4) A last Sitration on a Na,SO, bed and then an evaporation of the solvent finish the operation
followed by a resumption of the sample in 5 mi of hexane using a gauged vial,

Difjubenzuron

Diflubenzuron ie detected in High Performance Liquid Chromatography (HPLC) by LUV at the wavelength
of 254 nm. The Zorbax column is a C8 (7-8 microns) 25 cm long and with an inner diameier of 4.6 mm.
The elution solvent is a mixture of dioxane - acetonitril : watar (10: 45 : 45). At1.5 ml/mn flow, the average
retention ime of difiubanzuron is about 2mnS0
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Diflubenzuron samples are extracted and purified on the basss of the protocal provided by the manufacturer
Duphar (1988 a) a more detaded descripbon is given in chapter 8.

Bendiocarb

Bendiocarb 1s analyzed by gas chromategraphy w.n the same device and the same column as for
fendtrothion and chlorgyrifos, ie detection s done using an Electron Capturs Detactor (ECD) endowed with
a Nif2 as radioactve source. At the derivatized state and under oven temperature of 250°C, the retentiont
ime of bendiocarb s B mn

Extraction, purification and derivatizalion are caried out according to the protocol propesed by Browne
{1881):

a) Millet leal

1) Alter weighing of the millet leaves 180 mi of dichioromethane (CH,Cl;) and 20 mi of
methanol {CH.-OH) Is added and pul in a WARRING Blender for grinding. After a 80 mn
pause, the filtralion takes place at the Bichner and the grinding rests are rewashad with
50 mi of @ mixture of CH,CI, and CH,-OH(1:9)

2 The combined filterings are washed at the decanting wal with 50 ml ol water before
passing on &n anhydrous scdium sulfate bad (Na,SO,) for drying

3 The concantration s done at the Rotavapor at 50°C after addition of 2 ml of iso-octane
((CH,CH,),-C-CH,, to help compietely chase out the CH.CI,,

4) Purification of 1 ml final volume concentrate is done on SEP-PAK siiica cartridges. The
concentrate is dsolved in 2 mi of hexane and passed on the séica cartridge. The fixation
is followed by a double rinsing of the column with 2 ml of the same solvent. A second
nrsing s effectuated with 10 mi of @ mixture 1:9 of ethyl acetate - hexane. The eluton of
the bendiocarb is assured with 8 ml of the modified mixture of the same solvants in the
ratios of 13, The remains of the elution are then evaporaled till dry for the derivatzation.

3) The purified extract is recovered in 1 ml of a 1% fluoro-1 dinitro-2-4 benzene solulion ( (F-
C,H,-(NO,)) to which i added 10 mi of a phosphate buffer solution (pH11). The
reacticnal emironment thus prepared in the evaporation balloon is maintaned to 50°C in
a double boiler with agitation. The solution, clear in the beginning turns to turbid as it goes
along.

€) At the end of the cperation (20 mins.), the obtained solufion is cooled down to room
temperature (25-30°C) and exiracted at the decanting vial wth 20 mi of nexane. The
yallowish aqueous phase s thrown away and the light phase s retained anc completed
to the gauge line of a 20 ml vial with hexane for the chromatographic detecton.
b) Millet ear

Bendiocarb extraction in millet ears and grains begns with a dry grinding in an IKA Grinder. Soxhlet
treatrment which should have been used has not been carried because of the loss of solvent due to the
temperature of the freezer water which is not low enough o totally condense the dichloromethane vapors
It is for this reason that the same treatment as that of the millet leaves has been applied.

¢) Sall

For the scil, instead of the Soxhlet, the mechanical shaker has been used ; the weighed sample is
mostened with distiled water then put in a Duran flask with the solvant mixture to be vigorously agitated
for 2 hours.

The controls are freatad In the same way as samples but as a result of their being generally more loaded,
the fitering rests obtained from the grinding are partially anafyzed only a quarter has been used for the
operations
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RESULTS

Meteorology

A wind stiliness in the early morning at Nioro du Rip forced us to treat batween B:30 and 10:00. When
started, its direction was generally North-South which is dominant at the monsoon pericd of the year. The
speed was oscillating between 1 and 4 meters/second. {Annex 1),

The amblent temperature taken in the shade was characrieristic of the rainy season. it varied between the
morming and the mid-afternoon on an average between 25°C and 33°C. In the same period, the soil
temperature taken at sunshine between 0 and 4 cm of depth to give account of the thermal exposure of
pesSicides in this environment varied from 25°C fo 38°C (Annex 8.2)

The pluviometry in this Nioro du Rip sector at the moment of the testings remained regular (2 pracipltations
on an average every 3 days) and abundant (25 10 31 mm), (Annex 9.2),

At Richard Toll, the wind started earlier in the morming which allows to do the first treatments at from 8:00
onward. Itis generally of the same impartance as at Nioro du Rip but adopts directions that may change
from one day to another,

The temperature appeared 1o vary from 27 1o 33°C between seven and ten o'clock. The soi temporature
taken in the same conditions as at Nioro du Rip showed a quick rise of 1.8°C/hour between 7 and 12-13
hours maxima going up 10 45°C : (Annex 9.2).

It did not rain during study period.

Qualitative aspect of the treatment

The qualitative aspect of the treatment is described by statistical analysis of the distnbution of the spray

droplets Table 9.4 gives results of the droplet counting on oii-sensitive paper, the treatment dosed of the
sites and the wind speeds. Figures 9.1 and 8.2 show the graphic representations based on these data.
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Tabie 9.4 : Doses and denslty of deposit snd wind spesd

FenitrothionWioro du Rip

Parcel Applied dose g &.1Jna Densiy of drops (fem?) Wind speed
Vartcal Horzontal (m'e)

0 405 TS 27(53) 12520

04 450 avEn H17(108) 1725

e 445 SHTN IT(50 175175

10 415 5824 28023) 128978

Fenitrothion | Richard Toll

Parcel Applied dosa g alha Density of drops (lcm®) Wind speec
Vertical Horizontal {mds)

01 1030 110(74) 43025) 1418

04 710 3318 26(10) 275275

03 800 20(15) A3(47) 17520

" 700 83(5%) 40(39) 1.26.4 85

BendiocarbRichard Toll

Parcel Appied dose g a.ihe Dervly of drops (Jema2) Wind speed
Vertical Horgonkal (m/s)

02 168 24(22) 18{15) 15225

05 194 17(16) 213) 17523

10 167 né na 125155

14 153 BE(65) 264) 1535

The numbers between parentheses are the slandard deviations. The density of drops is an average

counted on 10 cards.,

na . no values available,
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Deposit, discussion of the results

The resuls in table 9.4 show that the droplet deposition varies from one parcel to ancther and sometimes
independently from the applied dose,

The standards deviations show an unequal distribution of the product on the treated ste. They are in some
cases of the same range as the averages and largely excead them in some cases, This Iregulanty may
depend on the treatad environment.

Especially, the deposition in the millet, an environmen! cluttered by the presence of high piants, shows
standard deviations largely superior to the average: 196 % on the horizontal component of parcel 01, 120
% and 135 % on both compenents of parcel 08. The treatment on the Richard Toll sites, show standard
deviatons in the order of 25 to 100 % and reveal an open environment. Figure 1 shows that the depostion
on the vertical component of the paper is generally higher than on the horizontal which is characteristic for
a drift spray .

The graphic representation of the droplet density according fo the wind speed (Figure 9.2) generates also
another aspect of the treatment quality. (450 g 3.i./ha fenitrothion, and 200 g aJ/ha for bendiocarb). The
curves show in the case of fenitrathion at Niore du Rip and in that of bendiocarb at Richard Toll, that the
vertical component is related to the wind speed. The same tendency on the horzontal component 5
observed. As for fentrothion on grass at Richard Toll, however, the curves seem 1o show an opposite
effecl.

In conclusion, the interest of laying the paper is in recording the regularity of the depesit on the site knowing
that the deposit on the paper does not reflect exactly the deposit of the product on the vegetation.

Qualitative aspect of the analyses

The qualttative aspect of the analyses concerns a certain number of analytical parameters liely to affect
the validity of definitive results. It is the behaviour of the preservation contrels which indicates the state of
studied products during the preservation of samples and the recovery of conirols which give information
on the reliability of the analyses done on the basis of protocols.

Fenitrothion and diflubenzuron have been subject to & comparable study dunng the 1991 campaign
(Chapter 8) on vegetation and in pond waters. In thal case, verification of the control and of the recovery
rate in the soiis was done for fenitrothion.

Bendiocarb is subject to a complete study while chlorpyrifos is only checked on millet ears and grains

Table 8.6 : Cortrels of faniicthion an sof - presenvaton mode lests
Nafure Slee Load mg & Foundmga: Recovery %
1 Sol 100g 0.78 o0& 920
2S5ol 100g 080 051 1020
3 Scil 1009 025 Q17 B0
Table 9.6 . Recovery rate of the extrachion methed - Fentrothon in sofl
S22 (9) Load (mgal) Found (mg a.1.) Recovery %
0 .50 038 782
g0 025 0278 1142

<« o10 0087 870
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Tabled. 7: Controks of chlorpyrifas 6n grains and aars - preservation mode tests.
Nature Sz Loadmg ai Fourdmga.i. Recovery %
1 Seed 100g 100 1470 1"y
2 Seeq 100g 050 474 98
3 Send 100g 025 232 g2a
1 Ear 100g 10 o o1
2 Ear 1008 059 410 82,0
3w 1203 o.z.s 222 8B5S .
Tabic 9, 8 : Mmummwmmawmnfmmwwur
Neiture S2elq) Loadmga. Found mgad Recovery %
1 Gran 0 1.00 0.037 8y
2 Gran 50 050 0472 8z4
3 Grain 50 025 018 B70
1 Ear %0 300 1.09 109
2 Ear £0 050 a3 702
3 Ear 50 025 o217 658
Tabie 0.9 ; Caontrols af bandiccarb on grass, s, mibet gran and sar  presanation moda tasts.
Nature Sz Load mg &.l. Faund mgat Recovery %
1 Soil 1009 .00 1.210 1210
2 5ol 100g o050 0327 654
3 Sall 100g 0.5 0199 a.r
! Grass 100g 100 0.905 805
2Gmss 100p 05 0420 840
3 Crass 100g 0.2% 0.172 78
1 Grain 1009 1 00 o820 g20
2 Gran 100g oSy 0.444 388
3 Grein 1003 0.25 01w 768
1 Ear 100g 100 1023 1023
ZEs 100g 050 0.47¢ L%

3Ea 100g 0.25 0,251 1004
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Tabie 9.10 : Recovery rale of the extraction methods of bendlocart on grass, sol, milst gram and ear.
Naturn Ske Losd mg ai Found mg a.. Recovery %
1 Sall Sig 0.500 0490 a0
25w S0g 0.250 0219 a76
3 S0t 803 0.100 0187 1570
! Grans S0g 1.00 0828 B4S
2 Grass S0g 0% 0.434 65,8
3 Grass Sog 0.5 0150 76.0
1 Grain Sg 100 076 795
2 Grain 509 05 0384 765
3 Gran S0g 0.25 o1a 764
1 Ear 50g 1.00 1100 1100
2 Ear s0g 0.50 0,467 B34
JEaxr S0g 025 0.242 962

The results presented in tables 9 5 to 9,10 show that the storing qualty In high freezing (temperature inferior
to -15°) of the active matters of fenitrothion, bendiocarb and chlorpyrifos on vegetation, on millet gran and
ear s fairly good - all averages on the resulis of controls are superior to 80 %. As well, we notice that the
found recovery rates reveal the simpliclly of the different extraction, purificasion and reading methods used.
There also, the results are on average generally superior to 85 % with a small disparity In the level of
bendiocarb whare derivatization,

Resuits of analyses
Tha resuhs are given in mg of active ingredient (a1 ) per kg of vegetation. ears. grain or wet soil. The water

contort(w) of samples has bean determined several times for each matrix following the sampling perod
The averages and standard deviations on (w) are calculated and arranged in Table 8.11.

Table 9.11: Waler content of sampled material

State Neture (<) mecium % Nber of maasures Stardard daviatiin{ %)

Frean M wal faay 16 023
T terest's B3018 10 167
SalN o ke "y 18 290
Sal R Tell 1.64 o a7
Milet gran 1012 “ 120
Witet ear before dryng 282 S 534
filet sar after drying 587 s 184

Opeat® Milet leaf 1200 4 §.23
T. ferentn 1296 1" 385

* Dried maties after sanphng concem dfluoeranon sampies. This drying is raturel and is abained by cpaning and aeraton of lenvee
or grass ouring sevedal days on tha labaratary draning board
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Then for diflubenzuron results to be considered in mg a.i./kg of wet matrix, they are mulliplied by the factor
{100-(w)r)/(100-(w)i) where (w)r and (w)i respectively designate the sample's water content &t the fresh
state and the sample's water content at the natally dried state. This factor is on an average of -

0.271 for the Nioro du Rip millet leaves.

0.193 for the Richard Toll T. terrestris.

Fendrothion results (Table 9.12) show that the values of the deposition in pesticide one hour after treatment
vary between 30 and 55 mg a.i/ha (ppm) on millet leaf. At Richard Toll on grass with practically doubled
doses, the range is from 62 to 95 mg a.i /kg.

Comparison with the 1891 results shows a small drop of the present values, the former figures varying
between S5 and 71 mg a.i/kg on the Nioro du Rip leaves. The soil samples taken on the first 4 cm Indicate
intial rates (one hour after treatment) varying between 0.5 and 2 mg a.i./kg. The deposition values found
at Richard Toll are lower : 0.245 and 0.134 mg a.i/kg.

Table 9.13 shows the results of diflubenzuron analyses. The values represent the average between
analysis results coming from two different laboratories. The samples have been sent to them for
chromatographic reading after extraction and purification at the project laboratory. We point out that the
results of both laboratories keep a same size order conceming the vegetation samples, but concerning the
scil, we notice some dispanties which can go up to a ratio of 10, The figures on the initial depostion are
between 30 and 45 mg a.ikg. Only the value obtained at parcel 02 of Niorodu Rip exceeds this range to
rise up to 80 mg a.l/kg. This disparity is again accentusted while reading the column of sample 2 which
displays values superior to those of the first one. Diflubenzuron depositions found in the soil are generally
more important than those found with fenirothion. )

Two depositicns at 3.24 and 2.38 mg al./kg on the Richard Toll parceis were comparable fo the depositions
of 1.26 and 1.52 mg a.l/kg found on two Nioro du Rip parcels. Other depositions found at Nioro du Rip are
5.49 mg a.i/kg on parcel 02 and 8.68 mg a.1./kg on parcel 06,
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e

Teble 9.12 : Fenirothion residues on vegetalion and sal (Mg a 1 %g of wet mater)
Site Parcel Nature Samplel Samgle? Surmphe3 Sanpled
N du Rip O ats Leaf 3434 18%0 0005 0
Sod 16859 0337 0002 0
Hriren 2670 7T a3 7401 16887254
04 490 Leat s322 2271 0009 . 0
Sol Da7e D131 0,059 L4
Hriran 1 750 2N TosTM 167 5254
08 445 Leaf 55 06 0053 0
Sol 1.044 0242 003 0
Hrivain 1 5200 25584 7255 1688.519
10415 Leat 4495 0404 0028 o
0.5 0061 04a 004z
Hrivain 1.55:0 282704 72.9255 163 42/
R Tol 04711 Grass 8587 EER) ngr 0
Q245 0184 Q140 0034
Hriran 1.50 2450 730 1830
08 800 Grass &210 0224 1479 270
Soll 0134 290 D124 0.213
Hitains 1w 70.50 1670
011030 Grass 8689
Hrlrain 0
17768 Grass a5 06
Hrlran 15

*The parcels ane coded by a five cigit number, the frst two indcating thew sequence nuMber and the last three fe real dose in
g a.1./he with which they have been treated. In the ine Hrirain, the first number incicates $e number of hours spest ance the
traatment bafore the sample has been taken Fom the sile, e second number shows the phviometric cumul in mm atich the
pacsd recetves botwoen the treatment date and that of the sampliing
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Table 8.15 : Difuberawon resicuzs in mg a.l.kg of vegetation and weat sall
Se Parcel Nature Sarpe! Sample2 Sampied Sampled SampleS
N o np 02 C6s Lea! 80.2%5 a:e NLS 28.18 1865
Sok 540 194 012 1.33 010
Hrirain o 2375 Tans 157175 3210
06 062 Lt 4128 6082 2059 16,78 2580
Seil 68 22 0.31 183 208
Heiain 150 2470 TITES 1873178 F[V55210
05 081 Laal 33 2428 1613 036 1763
Seil 1.62 1.68 0.80 043 o
Hriran 1o 23816 722 167 44 335153
12067 Lea! Lost 2503 39.47 3.72 .57
Sol 126 097 nov 068 059
Mririn 230 28316 BN 170,144 338153
R Tal og 111t Grass a7 82 4283 2058 885 s
Soll 224 190 4 141 0
Hrirain 140 2360 7250 188 50 a7
1610 Grass ¥ Taas 4969 1518 612
Soil xR 0TS 13 123 cs?
Heiran osg 240 20 15820 33620

" Same comments as Table 12

Table .14 ; Bendiocart residuas in mg 3.1 4g of vagetation and wet sol
Sita Parcel Nabure Sampie Sampe? Sampied Sampled SampleS
R.Tot o2 189 Crass 26.50 3 214 1,650 0.043

Sol 0028 0053 008 0012 0,007

Hrerain 150 90 nin - 3370
05 194 Grass 51.37 755 6.14 047

S0l 0025 0.005 0.005 0

Frirain 047m 04250 1670 3389
10187 Grass 356 861 206 052

Sail 003 o011 0.008 0004

Hrivan 050 940 167710 33530

* Same comments 35 Tabe 12
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Bendiocarb has been measured on Richard Toll parcels. Table 9.14 Indicates the results. The initial
depositions found are low when compared to the values of fenitrothion and those of diflubenzuron, they ars
respectively 26.9, 39.0 and $1.4 mg a../kg for parcels 02, 10, and 05.

Disappearance of the compound after treatment

The curves (Figures 9.3, 9.4, 9.5) respectively show a very quick disappearance on the relatively rainy sites
of Niore du Rip In all cases tha drop of the residue down to 6% of the inial rate is observed within 24
hours following the reatment, The product continues 1o disappaar with certainly a less pronounced siope,
but ends up being no longer detectable at the and of the weak after freatment, This is also observed on
millet leaves and on the soil where the product disappears within the first 24 hours by a value between 73
and 83%, At Richard Toll on the hot and dry sites, even if the appearance has remained almest the same,
the disappearance slopes are less steep. Fenitrothion disappeared by 58% and 49% within 24 howrs In
baoth situations. On the soll, degradation is slow on parcal 04 (13% of product subsisting one after week)
and uncertain on parcel 08

Figure 9.4 shows the behaviour of difflubenzuron on vegatation and in the soil. At first, we notice a stower
disappearance than in the case of fenitrothion. Despite a pluviometry more or less identical ta Nioro du Rip,
no 1otal disappearance of the product on vegetation could be observed. The degradation on millet leaves
during the first 14 days is a littie bit significative compared to those of fenirothion : only of 78 % on parcal
02 and 40 % on parcel 06. In the Nioro soil, sven if the dissppearance speod of the porduct proves more
quick. the last remark is aleo valid. At Richard Toll the product persists less cn vegatation : it disappears
from B3 % on parcel 16 to 93 % on parcel 03, On the sod of the same site. difiubenzuron disappeared at
the and of two weeks after treatment by 77 % in one case and by 100 % in another.

The fate of bendiocarb is presented in Figure 9.5. At Richard Toll where it has been exparimented, no total
i ce is obsarved, but the remaining rates at the end of the two weeks are small: between 0.1 and
2 % of the nitial rate. On the soil, the product disappears quickly and s almost non-existing after 14 days.
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Residue monitoring In farm stores ! resulls

Table 8.15 gives the residues analysis results on the samples coming from farm stores of millet grains and
ears, Figure 6 gives the corresponding disappearance curves,

Fenitrothion formed a deposit 2t the rate of 0.45 mg a.i’kg of wet ears. This value prograssively decreasss
to seftle at 0.25 mg a.i/kg at the end of the week before harvesting. The disappearance of the product
during the drying period is represented by the difference of rates between sample 4 and sample 5 that s
to say 32 %. The analysss results of samples 7 and 8 show well that the product disappearance continues
its process during the stocking in the loft. On the grains compared te the ears (0.101 mg a.l./kg the day
of the storing) we find lower residues. The nalture of tha curve (Figure 6a) shows the progressive lowering
of fenitrothion content of the grains during the first 63 storing days: 80 % disappearance, Beyond this time
limil, the level remains almost constant until the 140th day.

Bendiocarb deposition on millet ear is lower than that found fer fenitrothion: 0.20 mg aifxg only. lts
disappearance on the parcel also seems quicker : 80% of product is lest at the end of the first seven days
following the treatment. Before the storing, during the drying phase 50 % of the product disappears going
from 0.02 to 0.01 mg a.l/kg on the respective samples 4 and 5. The residue rate of ears is so low at the
moment of being put in the loft that the stering effect can not be perceived. On the grains, the same remark
is valid: the pesticide rate is low (001 mg a.i.kg).

Rates of 0.18 and 0.18 mg a.i/kg have been found between the first and second day of treatment for
chlorpyrifos on millet ears. The product was very quickly degraded and disappeared by more than 5%
between the first and seventh day. The values before storing are already low. On the grains, chlorpyrifos
has not been found.

Hali-life periods

Table 9.16 contains the results of linsar decknes after neperian logarthm transformation of the residue
data and the sme between the treatment of the parcel and the sampling. The objective is to describe the
degradation by a theoretical model which allows us to estimate the half-life periods 1., and the inital
depositions on the concerned matrixes. The model chosen is that of the first order reaction,

The tabie shows the behaviour of fenitrothion described by the model: the cosfficient of correlation s close
o one. The t..'s found on millet leaf are between 5 and & hours while on T. ferrestris at Richard Toll, thay
are higher: 10 and 33 hours. On the soil, the t, values found at Nioro vary between 11, 15, 28 and 63
hours. A 62 hour value is found on parcel 04 of Richard Tell.

The reaction model of first order Joesn't fit weil with diflubenzuron disappearance at Nioro du Rip: the
coefficients of correlaton are generally low on vegetation and on soil. The L,.'s vary between 248 and 830
hours on vegetation, on the soil they sre smaller between 97 and 247 hours, The declines are more
homogenous on T. ferrestris at Richard Toll where R is superior to 0,90 and the periods obtained are
smalier (42 and 85 hours only).
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Table 9,15 ; Pesticide resdues in Tan siones,
Fenitrothion (Poi13) Sample1 Samale2 Sampk3d Samplad SamoRs Sampled SampleT Savpkd Sampiad
Sampirg date 10852 10992 1ooe2 10nE' R 10992 114482 121092 0zaes 035183
Hour 1015 1045 1000 45 5% 1.3 W03 1220 215
Nrer of days aftar traatmant 0 1 2 7 11 27 €3 124 145
Residue In ppm (grars)| (R (H) [LRE o016 oo 00w
Resikdue Inppm (ears) 0 4s8 D3ace 023z 0245 D163 0263 gorn2 0085
Bendiccarb [Fcl 14) Sampled Sample2 Samplad Sampet SampleS Samoled Samrglel? Sampied Sampled
Sampiing cate 10092 otom2 Q1292 e 102092 11 1210062 039a3 03%%a
How 1100 1030 045 Bas 945 1245 130 EARLY 115
Nber of days after frestment o] 1 3 T n 25 &2 122 147
Remdues nppn [grans) oot om am Qoo Q.00
Residue in ppm (sars) 020 ocs oo 002 o0t D00 oo a.01
Chiorpyrifos (Pc! 15) Sampie! Sampk2  Sampkd Sampled SampkS Sample$ Sample? Sarped Samgied
Sampin date 10892 1o os2 10252 10fheE2 102092 11aE 12110082 o298 Q333
Hour 10:00 30 345 545 848 1000 8.00 715 w30
Nber of days er treatmen 0 1 3 4 11 28 62 122 147
Reskiue in ppim (gracns) o002 000 000 000 .00
Reskiue © ppm (ears) Q178 o 0.004 0008 0074 0 0.00¢ 0.0006

The void values indicate that the residue rate is under the detection limi of the analyss device.
Harvesting was done the seventh day afler trealment  The drying took place between the 7th and the 10th day anter treatment. The threshing and storage were
carned out the 11th day afler treatment.
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Table 916 : Intal depasiion ang calculated hait lives.
Veagelatian Sul

ai Parcel R? toh) lifmgaiig) Ots R? thi2(n) Kopm) Cos

Fenitrothion Ot N Rp oW 5 55 ) nyT-s 15 D& R
O4N. Rip 088 = 5 674 3 18.s £ 035 L]
08N Rip D590 -5 B 160 3 O§E -« " 11g 3
ION Rip 0.85 -ns 7 200 3 0.456 .5 63 0-1a “
08 RTol 0975 X 50 a 0138 015 4
4R Tob 056 .5 10 135 3 093 s 62 U4 Rl

Difluberguron 02N Rip D36 .ns €8 206 5 C&2-ns 108 365 3
GEN.Rup 027 -5 36 s 5 035.ns 247 azr K
08N Rip 051 ne 532 287 - 087 s @ 1.38 -
12N Rip 010 ns 600 257 - 000 s 1082 0s 5
Q3R . Toll 083.-5 a1 68 3 G20.-ns 10 KR L) 4
18-RTal 097.5 856 g4 4 044 .ns %7 154 3

Berxdiocarb ‘ 2R Tott 0685 118 a4 5 052-ns ; 00y S

| 05 R Toll 059 -ne 129 @ 4 0774 0 0.02 :

10R . Tab 0905 23 83 4 D845 12 002 4

R* mm«mmﬂmumo«uMMummmmmmmlmﬂmmwa

e ot sgricent

Obs ™o nurmder of peints usad Lo perfarm 1he decline.
1172 - the Faif-ife penoa (thesradcal| CHcuiated from e decine results
n:Thauﬂedi'aldopwﬁno(d!-b)hmg;%nmmﬁmlmauhm.

VMTummmmmwmm fenitrothion and difubenzuron  the R2's 8re betwaen 058 and 0 90, the 11/25 ar in peraral sLoenor 12 those of fentrothion and vary
betwean 11 snd Z3 hours
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DISCUSSION
Fenitrothion

The discussion concems primarily the results taking into account the meteorologic data of the treated sites.
During these studies, parcels have been treated in the morning with corresponding meteorciogic conditions
depending on whether It is at Nioro or at Richard-Toll. The parameters which differ are mainly the total
rainfall between the treatment day and the sampling day, and the tamperaiure of the environment. [f we
compare the perods cbtained at the Nioro du Rip and at the Richard Toll sites, we come fo the conclusions
of 1991 Chapter 8). On millet leaf found at Nioro, where a variable rainfall between 191 and 254 mm has
bean recorded, the half-lifes are shorter (Detween S and B hours) than those obtained on T. terrestris at
Richard Toll (10 and 39 hours). The observation on the solls leads to the same conclusion if we don't take
into account the cases where the R2 coefficient is fow (< 0.5): (Table 8.16). The companson of Nioro
parcels supports the assumed impact of pluviometry of huridity on the disappearance of fenitrothion: the
first two parcels which have received more water than the two others, mostly on the first day, have given
the lowest t,,, on millet [eaf.

Everts (1990) found, after aerial application at the dose of 485 g a.i/na, intial deposiions varying between
60 and 145 mg 8. /kg of dry grass, These values are comparable with those of the present study if the
factor due to the water contant is taken into account - our results for wet grass are lower. In ths same
study, the half-life periods of fenitrothion, calculated on the bass of & process of first order disappearance,
ara botwoon 80 and 75 hours. On the other hand, & is emphasized (EPA 1887) that fanitrothion bacomes
quickly degraded in non-sterilized clayey sods or in sandy soits with a haliife period inferior to a week;
which is entrely in accordance with the results we have oblained and for which t,, varies between 11 and
63 hours.

Difiubenzuron

The comparative study on the behawiour of diflubenzuron also reflects climatic differences of the Nioro du-
Rip and Richard Toll sites, Diflubenzuron shows, as in 1981, a lower tendency to disappear on vegetaton
at Nioro du Rip than &t Richard Toll. The difference of half-life perieds is remarkable (Table 8,15). On the
soil, this difference is less marked even If the maximum temperatures in this aree show appreciable
di#terances - 38°C at Nioro and 45°C ai Richard Toll.

A study of the degradation of diflubenzuren on grass has been carried out in Mali (Duphar 1981). The
average dose used was 62.5 gha. The sampling was done until the 49th day after treatment. The
evaluation of half-ife periods, supposing a first order degradation, gives values between 140 and 270 hours,
which Is comparable to the results of our study. Pertleds relating o the disappearance of diflubenzuron in
a relatively rainy emvironment (Everts 1990) are esSmated to ba of first order kinetic betwaen 320 and 380
hours, these values are also close 1o those we have obtaned

Bendiocarb .

Bendiocarb has only been studied in the Richard-Toll zone. which excludes & 8 comparative study taking
meteorological data differences into account. We can simply notice that in this area, it has a less stable
behaviour on vegetation than on soil: the half-lile period goes from 11-23 hours on T. terrestris to 70-150
hours in the dry soil of Richard Toll. These resulls can be compared o those obtained on a series of tests
of bendiocarb degradaton on vegetation carried out in the United States and in Yugoslava (Camco 1986},
In the United States, during an aerial application at 180 g aJ./ha the residue analyses revealed pesticide
contents of 50 g a.1./&g of grass on the samples taken imediately after reatment, On the 15th day, the rat
found is only of 0.7mg/kg and the estimated half-life period &s 2.4 days. In Yugeslavia, the grass samples
taken 12 hours after treatment at 80-100 g a.i/ha have given rates varying between 1 and 25 mg a.1./kg.

Comparison with standards

Table ©.17 gaves the results in relaon 1o the standards. Results partly confem the conclusions drawn from
the analysis of the half-life periods.
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In fact fentrothion shows a withholdg period in the different areas where it has been studied. At Nioro du
Rip, on the millat leaves, it complies to the standard for forage of animals before the end of the first 24 h
in two cases, in the two other cases, the compliance to this standard seftles bafore 72 hours after treatment.
At Richard Toll, on T. ferrestris the product complies to the siandard in three days on the first parcel while
on the second, the withholding period exceeds seven days. A sludy (IRPTC 1991) based on the feeding
of dairy cows with forage having a certan rate of fenitrothion concluded that individuals receiving a daily
dose of 3mg a../kg of body weight give milk containing 0.002 mg a i. of fenirothion/litre. This residue is
equal to the fenitrothion standard for milk (FAO & WHO 1991). Even if the nisk of the consumption for the
cattle does not require a long withholding periad (generally inferior to 3 days), the risk presented by milk
consumption obliges to extend withholding perods or to restrict grazing of the cattie in the parcels,

Comparnison with the Maximum Resxdue Limit (MRL), which s stricter (0.05 mg a.i./kkg nstead of 5 mg a.ikg
for the TL) gives longer time-iimits : at Nioro du Rip a unque case mdicates a time-fimit inferior to three
days, the other three cases gve withholding periods which are inferior to seven days. On the two results
obtained at Richard Taoll, the first indicates a withhalding period infedor to seven days while on the second,
the T. ferrestis does not respond to the standard within seven days.

Comparison of results for diflubenzuron feads 1o a remarkable conclusion - ali withholding periods found
ara supenor to 14 days. This is due to the striciness of the standard and to the persstence of diflubenzuren.
At Nioro du Rip where we have noticed 3 stronger perssience of the product (see half-ifes), the withholding
penods are largely superior fo fourtean days: the rate on the 14th day sample is superior to 75 mg a.i./kg
of dry milet leaf, which largely exceeds thae standard of 1 mg/kg. At Richard Toll, the rate found expressed
in in the same unit is 40 §mes inferior the standard of 1 mg a.i./kg.

For bendsocarb, at Richard Toll on T, ferrestris, the withholding period on the animals’ forage is shorter then
7 days in twe cases, in the third of the sudied cases, it remains inferior to 2 weeks. Compared to the
Maxamum Residue Limit (MRL) which is also (0.05 mg a.i/kg) for vegetables. the three studied cases at
Richard Toll give high residue rates. At the end of the 14 days, the rates found cn parcels 02, 05 and 10
are respectively close to 5.5 and 105 times the standard. Which shows a remanence similar to that of
diflubenzuron,

For the study done on the farmers’ millet in rural storing, the companson of the standards and the resulls
of Table 18 show & minor contamination on the grains and the milet ears,
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Table 8,17 : Standards and estimated withhoidng penods for the treated vegetaticn,
Peslicide Dose (g th*** 15" Number of days % reach the residue Imits
&1
Tliforage)® MRL vegatabies™  MRL{gramj
8 pom L.0%pom 10 ppm
455 32 144 <3 <3
445 28 ns < e7
Fanitrothvon 490 53 23 <3 <7
N. du Rip M5 s 188 <1 <7
Fenitraihion no a6 M -3 7
R Tobk 00 82 o >7 >7
Fenitrothion 740 Faem shockng Harvested 0/ains satisdy to he MRL
100m 1.ppm
6% 0 336 >»14 *>14
Diftubenzursy 62 41 172 w14 el
N. duRip 61 n 133 »>14 =514
81 >>14 14
Diffubenzuron i 47 253 » 14 =14
R Tol 104 34 204 »14 >14
Bendccarb 160 2 180 «7 =14
R Tell 167 35 32 <14 >4
124 =) 206 <7 >»td
Bendiocarh Farm stockeg The harvestad grains satisly 1o the MRL
b.ppm 0.2¢ pom
Chiapyrifos Farm slecing Tha harvested grains salisfy 1o the MRL

* TL{forage) ; tolerance level for ine srumal forage standard US EPA (CFR 19590)
= MRL - Maximun Rasidue Lime for vegetables, Codex Aimentanis Standards (FAQ & WHO 1881)

= o i {hve indial doposition (Tades 1213, It)ofp-umaonvwmicnumedmmu.m&mlw.\sk
the same deposition expressed n mg a.i. g of dry vegetation? ks &5 oblsined by cvidng th by the corresponding coslfickent (1-(-
1 () is the water coctent of tha malrix (~)-7’617%1amoﬂltmea.1ﬂfmeMTolT saresirs, 10.12% for
Fre millt grains, and 29,62% for the mélat aans.

==+ Tha loierance lrnd (TL) for fenfrokhon or wwmmmmmMMSMMNoEmM(NOEC)M
@t (C.R Warhing & R.J. Hance 1991)awludtoaaa'ndmcmo!memm.maammmm(M)d
3 kg of dry forage Tre security facter (S1) !ormesumoﬂhemmhmqoou(wmmmwmo Toleraroe Umit ie
gr/en oy the formuls TL = (NOEC X P)/ (Srx0C.

The withhelding perkds are found by conwerting TL or of the MRL Into mg 2.0./Kg of vegetation of wat graes,

The withholding period for fenitrothion on the grains is obiained from the millet threshing, the value found
is inferior to 10 Smas the MRL. By comparing the ears with the grains, we find that the residue rate at the
weatment day is 0.63 mg aJ./kg while after three days foliowing harvesting during which the suh-drying took
place, this value has decreased to 0.17 mg a i./kg, which s far from the MRL value of 10 mg alfkg.
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Of chlorpyrifos, there were almost no residuss found on the grans after thieshing - the only detected value
found on the first sample taken after threshing was low compared 1o the standard (at least 100 times
smaller). On the ears, the same remark is valid Only the first twe samples give rates which are near the
standard level, the others are far below the MRL ‘



CONCLUSION

The citficuities linked o the realizaton of the pesticide residue monioring in the enwirenment. are the
following. Heterogenity is strong st all levels of the study. Like the results of the oil-sensitve paper which
show high irregularity in the pastcide distribution on the treated site, the residue analyses sometimes show
high iregularitics as well.

Fenittothion has been studied on wagetation, on soll and on millet n maturation. The results confirm its iow
persistancy, also found in the first year study (Chapter 8). The reduction of half-ife periods on millet leat
at Ninte du Rip where the rain has been more abundant also confirm is quicker disappearance in rany
conditions. At Richard Toll, a zone characierized by higher temperatures, iis disappearance Is slightly
slower, although the withholding peniods generally are infenor to 7 days. The study on millet stores carried
out in rural area shows that the millet doesn't have important residues before storing if it is treated one week
belore havesting.

Diflubenzuron has been studsed on the same number of parcels as fendrothion The results confirm that
i s a remanent product and match the conclusions of the first yoar study’ its halt-iife penod on millet leaf
at Nioro du Rip Is much longer than that at Richard Toll on 7. ferrestris. The comparison with the standards
in all studied cases imposes withholding periods supenor to 14 days.

Chlotpyrifos, studied only in farm siores, gves values that meet the standarcs in a short time-limit.
However. this conclusion must take into account an essential factor. the applied doses give low initial
depasitions {< 1 mg a1/&g on millel ear), Whereas in reality sometimes a big difference exsts between the
treatments carred out here and those which are done by farmers or even the agents of the crops
protection. The lack of training and of knowledge of the products ameng the first and the use of treatment
devices that are difficult to handle among the second have resuit in chemical dosage far superior to the
recommended dose,
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Further detsils can be obtained upon request from the author.
1 Weather conditions during treatmentis
2. Dropiet counts on cil sensitive paper.



The LOCUSTOX Project ECLO/SEN/003/NET, GCP/SEN/041/NET has been founded in 1989, by
the governmenis of Senegal and the Netherlands. The project is based of the Directorate for Plant
Profection of the Senegalese Ministry of Agriculture and it is executed in collaboration with the Food
and Agriculturol Orgonization of the United Nations,

The project’s obiective is to study the environmentdl side-effects of pesticide applications ogainst

locust and grasshoppers and to inform ond train decision makers and apglicators on selective end
safe treatment methods.

In the period from 1991 to 1994 studies were carried ouf on following subjects :
- The risk to human health of anti-locust and anti-grasshopper campaigns.
- The side-effects on aquatic fauna and beneficial insects.

- The synthesis of research and literature dato for advice to the government and FAQ on
selectivity and safety of chemical treatments.
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