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EXECUTIVE SUMMARY

The 21-day mission in the GNRM project area of Dissa, Koundou, and Diaforé
watersheds was for the purpose of evaluating the incidence of ests, present control
strategies, the relevance of chemical pesticide use, and a proposition for an integrated pest
management program. We primarily targeted termites and pests of stored products, since
they were reported as the most serious problems. Visits in the project area allowed us to
document the severity of pests, availability of technical support, pesticide distributors, and
relevant laws and regulations.

Distribution and severity of pests. The types of pests are similar in all three
watersheds but differ in their virulence. In Dissa and Koundou, termites, though found in
tapades and dwellings, arc not the worst problem; rather, the most damage is caused by
grasshoppers on vegetable gardens, and by pests that infest stored products—the maize
weevil, larger and lesser grain beetle, angoumois mioth, cowpea weevil, tribolium spp., etc.
Secondary pests or nuisances were weaver znts on orange and mango trees, fruit flies on
vegetables, cotton stainers on rice, bollworms on orange fruit, and mealybugs on cassava,

Control measures. The rare times that chemical contro! is used, application is
usually through a wide-range operation under foreign sponsorship and the local services of
plant protection, supervision, and :nonitoring. Local control measures are often restricted to
mechanical, physical actions, supplemented with suggested botanical or traditional plant
treatment; this is mainly practiced in the case of termite control. The same was true with
efforts to protect stored products.

Pesticide registration, availability, and management. Updated information on
pesticide registration, use, and management is available, but not easily obtained; it remains
unknown to most pesticide users, including government agents. This can be a serious
handicap. Furthermore, there is no lardfill pesticide disposal. Pesticide storage facilities
need to be improved (aeration, sanitation, water supply, material safety data sheets for each
chemical, warning signs, fences, removal of r.on-related items, etc.). One pesticide company
representative supplies approved pesticides as well as protective equipment, but its storage
facility should be moved out of the middle of the city, and away from offices. Landfill or
disposal strategies should be developed by each approved pesticides sales company.

Integrated Pest Management (IPM) approach. With the approval of per‘icide use
under USAID/EPA 22 CRF, Section 216, a systematic approach to pest control should be
followed. This will lead to the obligation to sound pest and pesticide management under
IMP principles calling for minimizing hazards, through a combination of practical and
proven contrcl measures proposed or already available under good technical guidance. These
measures inclede the use of least-toxic pesticides, sustainability, safety, training, monitoring,
pesticide resistance avoidance, sensitization, a no-action option, use of botanical and other
local control measures, demonstration and applied research with farmer involvement, etc.



SECTION 1
TRIP PURPOSE AND ORGANIZATION

A. Purpose of T.ip

Two main insect pest problems are recognized in the Guinea Natural Resources
Management (GNRM) project. Termites attacking crops, agroforestry nurseries and
dwellings, and an array of-insect storage pests (weevils, bruchids, bostrichids etc.) were
reported. In the case of the Diaforé watershed, the situation is severe. It has the lowest
average annual rainfall (1,230 mm), compared to 1,415 mm in Koundou and 1,855 mm in
Dissa. With the smallest area of 65 km?, ana the second highest population density
(31/km?), concentrated on the lowiands, land availability is limited. Th's factor has induced
land overuse through reducing the fallow period from seven to three years, heavy
deforestation activities, and decreasing productivity. With low levels of organic matter
combined with extensive uncontrolled burning, termite activity has markedly increased.
Postharvest losses of up to 60 percent before or during storage due to pest infestation,
coupled with other poor conservation techniques, have led to severe food shortages.
Farmers, confronted with such a situation, usually try to alleviate the problem by attempting
additional agricultural activitie. such as vegetable gardening, beekeeping, and other small
business enterprises. The severity of the agroecolgy in the lateritic and eroded land, called
bowal, exacerbates the problem.

In its previous evaluation of the watersheds, the GNRM project recognized several
development constraints, including termites and stored product pests frequently mentioned in
the rapid rural appraisal studies (GNRM Annual Work Plan 1993). Consequently, the
project i~ seeking approval to use synthetic chemical pesticides to control these pests in the
watersheds. This analysis will deal not only with termites but will include a review of other
potential key pests of vegeta.le gardens, field crops, and fruit trees, as well as possible
control measures.

The project proposes to use, for termite control, either one or a combination of:

® Basudine (Diazinon) 60 EC and/or 10 G
¢ Dursban (Chiorpyrifos) 5G and/or 10 G

For storage pests:

* Actellic (Pirimiphos-methyl)

The use of these chemicals has been requested, pending careful evaluation of several
factors pertaining to their use, including but not limited to pesticide availability, minimal

environmental impact, sustainability, effectiveness, low level hazard, and as a potentially
valuable component of an integrztz.i pest management (IPM) program,



A mission of 21 days was initiated to ascertain the appropriateness of the proposed
action, to assess existing pests and potential pest control methods, and finally to provide
inputs geared toward creating an IPM program (if lacking) in the watershed(s) concerned.
The result of such a study could be used as a reference or starting block for the country and
its neighbors where similar problems prevail.

B. Persons Contacted

USAID/Conakry

Wilbur Thomas Mission director

Thomas Park Deputy mission director

Dan Jenkins Regional develepment officer

S. K. Reddy Regionai developnient officer

Kale Lascine Assistant NRM project manager
hemoni inea NRM proj

K.B. Paul Chief of party

Bob Chase Soil scientist

Tom Aversa Agroforestry specialist

Mouctar Diallo Administrative assistant

Government of the Republic of Guinea, Conakry

Sagnah Tatenin
Mathias R. Haba

Mamadi Camara

Laboratory of Plant P

M. Sidibe
Lamouré Sidibe
Kalabane
Saidou Baldé

Labé

Alkali Touré
Mariama O. Baldé
Moussa Camara
Pepe P. Guilavogui
Siba Camara
Camara S. Diouma
Keita C. Mouhamed

Interim director, DNFC

National watersheds coordinator, DNFC, Fouta Djallon
Highlands Integrated Rural Development project

Director, National Plant Protection Service

i ]
Deputy director/entomologist
Phytopathologist, National Institute for Agronomic Research
Head, entomology section
Station manager, Province of Seyni

Head of agricultural extension office

Local extension agent

Director of rural development

Head of the agricultural promotion office
Assistant station chief, plant protection office
Plant protection agent

Plant protection agent



Dissa Watershed

Pe Vincent Gamy Director of Dissa Watershed
Missan Maomy Contractor
Morlaye Keita Agroforestry specialist, wate.shed management unit
Rabiatou Camara

Diallo Local extension agent
Abdoulaye Touré Small enterprises technical assistant
Koundou Watershed
Bacar Alpha Ba Director of Koundou Watershed
Bocar Sow Small community enterprises
Mamadou Y. Sow Agroforestry specialist
Diaforé Watershed
Idrissa Keita Warehouse keeper/entomologist

E nd Agriculture QOrganizati
Gerard J. Bernard Resident representative
Marc Moens Program .eader

Natural Resource Institute
Stephen Russel-Smith

Tom G. Wood

Other

Minoru Tamashiro Tropical entomologist, Univ. of Hawaii, Minoe

Nan-Yao Su Associate professor of entomology, University of
Florida Research and Education Center

Aref Aboukhalil SAREF International, Conakry

C. Trip Schedule

Visits were made to the three watersheds from April 8-20, 1994, with the project
team and Laboratory of Plant Protection (Laboratoire de la Protection des Végétaux) (LPV)
of Labé. Meetings were held with farmers, local agricultural officials, in the plant protection
laboratory at Foulaya, the Division of Crop Protection (Division de 1a Protection des
Végétaux) (DPV), the National Office of Wildlife and Forest (DNFC), the pesticide storage
facility in Labé, funding and interriational agencies (USAID and FAOQ), and Aref Talal from
SAREF, the representative of the chemical company ALM International S.A. in Conakry.

The consultants visited the Dissa watershed on April 8 and 9. The villages visited
were Hafia, Foulaya, Fotongbé, and Marema. Specific sites were dwellings, storage
buildings, vegetable gardens, and termite mounds. The project team included the chief of
party, the agroforestry agent, the community enterprise specialist, and the animatrices.



The Koundou watershed was visited from April 12-14 with Bob Chase, the soil and
water conservation specialist of the project, Mr. Saidou Baldé, the Labé Province station
plant protection chief (chef d’antenne), and the Koundou watershed team composed of the
watershed director Bocar A. Ba; Bocar Sow, small enterprise community specialist; Mariama
O. Baldé, local extension agent, and Mamadou Y. Sow, agroforestry specialist.

Villagss and other sites visited include the plant protection station in Labé, the
prefectoral plant protection service in Labé and its pesticide storage building; the villages of
Linsan Saré (and its weekly market), Kokolou, Dongol, Thiankoye, and Guéwé (agroforestry

nursery).

In the Diaforé watershed, visits and meetings were made with Dr. Chase, the Labé
plant protection station chief, Mr. Baldé, and the watershed team composed of Mamadou
Saliou Diallo, Souare M. Aliou, soil and water management specialist; and Mohamadou
Malal Baldé, small community enterprise specialist. Villages and sites visited were Kouné
(where the mosque had been infested with termites), Diaforé, and Guonkou (and its weekly
market). In the village of Guonkou, a mound destruction and queen removal demonstration
was made.

In Conakry, the writers visited and interviewed the FAO staff, the ALM International
chemical company country representative SAREF, and personnel at the Division of Plant
Protection (DPV). Debriefing was conducted in the National Headquarters of Forest and
Wildlife and with the USAID/Guinea NRM project staff on April 22.

/O



SECTION I
COUNTRY SITUATION AND AFFECTED ENVIRONMENT

This section discusses the conditions under which the pesticides are to be used,
including climate, flora, fauna, geography, hydrology, and soils. The project will conduct
pilot pest control activities in the three watershed sites of the Fouta Djallon Highlands of
Middle Guinea. The following synopsis of the Koundou and Diaforé watersheds was taken
from a report by Stephen Kelleher, a consultant for the World Resources Institute (Kelleher
1990).

The Fouta Djallon mountains and plateaus in Middle Guinea cover more than 60,000
km?, approximately one-quarter the land area of Guinea. Nearly the entire region is
mountainous, and a quarter of the area (13,000 km?) lies more than 900 m above sea level.
The mountains traverse the region in a north-south direction, rising steeply from the west and
gently from the east. Approximately one-third of the population of Guinea lives in the Fouta
Djallon, two thirds of whom are Peul.

A. General Agroecology of the Project Area

Numerous land and soil types exist in the Fouta Djallon Highlands. Farmers have
independently classified the soil types by a catena concept, which describes interlocking soils
on a landscape from the hill crests to valleys. These are bowal, hansangéré, dantari,
dunkiré, hollande and suntuuré.

Bowal. Bowal is a name given to broken, lateritic, ironstone crusts. Bowal is found
on hill tops, plateaus, and slopes. Bowals are: the primary grazing lands for cattle, and are
considered a common property resource.

Hansangéré. Hansangéré lands are generally found on hillcrests and slopes. They
are characteristically a mix of soil and rock derived from either adjacent bowal or from
adjacent basalt, granite, or metamorphosed sandstone parent materials. The stony nature of
these areas allows for good water infiltration.

Dantari. Dantari soils are also found on slopes but are not confined to them. These
are finer, mere compact, and more homogenous than hansangéré soils and generally do not
have as high a water infiltration rate. These soils are considered workable, but exhausted,
and are often acidified. In contrast with hansangéré soils, animal traction is a possibility on
dantari soils.

Dunkiré. In the valleys of watersheds, alluvial flood plains are found. Many of
these areas receive annual deposits of fine clays and sand, and soil has built up over time
through these deposits. These are locally called dunkire and are cultivated regularly.



Hollande. In lower areas of the alluvial plain fine-textured, heavy clay hydromorphic
soils are found. The local name for these areas is hollande. These soils are used for grazing
cultivation and some gardening.

Suntuuré. The Fouta Djallon is an area of high plant species diversity and an
important center of endemism. Vegetation is classified as a combination of woodland, open
savanna woodland, bush woodland, light forests, and lightly wooded savarina bush.
However, most natural forests have been replaced by cultivation, secondary growth, fallow,
and grassland.

Gallery forests are traditional buffers of natural forest left around springs and along
watercourses. This buffer helps maintain water quantity as evaporation is reduced, water
infiltration is increased, and erosion and stream sedimentation is lessened. The tradition of
leaving galleries intact is not always respected, and some farmers now clear land up to the
stream banks. The gallery forests are likely high in floral and faunal biodiversity and
provide non-timber artisanal and medicinal products. Isolated forest "isiands" are found on
various land types. These usually indicate a water source, a "sacred wood," or a cemetery.

B. Presentation of the Watersheds
B1l. Koundou Watershed

The Koundou watershed is located between latitudes of 11 degrees 39°N and 11
degrees 52’N, and between longitudes of 12 degrezs 32°W and 12 degrees 47°W. Total land
area is 107 km®%. The watershed receives 1,600 to 2,000 mm rainfall per year, and has a six-
month annual dry season.

This watershed is characterized by five physiographic types broken down as follows:
laterite crust plateau; doleritic, granitic and schist esca=pments; undulating plain; hilly
plateau; and irregular plains. Susceptibility of the area to erosion is classified as susceptible,
average, and insignificant. Elevation ranges from 200-300 m above sea level along water
courses, to 800-900 m along hill crests and slopes. The mesa Mount Kokolou is a dominant
feature on the landscape.

The principal watercourses are the Kansouma and the Koundou that are fed by
numerous streams and springs. These two come toge:her as the Koundou, which flows into
the Komba River. The Komba River eventually joins the Kolibu, which passes through
Guinea Bissau, where it empties into the Atlantic Ocean.

Vegetation varies according to land type. Overall there exist savanna, shrub savanna,
and open forest, as well as dry mountain forest and islands of closed forest where species
such as Prerocarpus erinaceous, Terminalia spp., Afzelia africana, Coryla pinnata, Burkea
africana, and Exynanthea abyssinica are found. Gallery forests are also found along water
courses and around springs.

"



The watershed is arranged as a cul-de-sac. Villages are located mostly along
hillcrests and slopes, away from the alluvial plain. No roads cross the watershed.

Bowal is not as visually dominant in the Koundou watershed as in Diaforé, but more
greatly affects production, since most villages and many suntuurés and fields are located on
hillcrests and slopes composed of, or evolved from, bowal. Many soils have a high content
of ferruginous gravel that varies in depth from 30 to 100 cm. Due to the cultivation of
slopes, erosion is more of a potential problem here than in Diaforé, although some people
use rock and dead wood barriers against it.

Slightly evolved hansangéré soils, close to bowal, and dantari soils are cultivated. In
some areas, dantari soils benefit from proximity to doleritic and basaltic escarpments, factors
that contribute locally to a richer nutrient base. Average fallow periods of five to ten years
are generally followed by two to three years of cultivation in a rice/fonio/peanut/manioc
rotation. Animal traction is used in Koundou on those soils that are not too steep or rocky.

Soils along floodplains are deep alluvial deposits (dunkiré) with some hydromorphic
(hollande) areas that experience seasonal variations in saturation. In some areas fruit
orchards and dry season gardens are installed, although the majority of the floodplain seems
under some secondary vegetative cover. Dense communities of bamboo and Ronier palms

are found here.

Part of the classified forest of Nialama is located within the watershed. This forest
covers an area of approximately 10,000 ha, of which approximately 5,000 fall within
watershed boundarics. The forest was classified in 1942, Nialama is classified as a dry
secondary forest, although it is possible that remnants of primary forest exist.

B2. Diaforé Watershed

The Diafn¢ watershed is located in the prefecture of Tougué and the sub-prefecture
of Kouratongo, between the latitudes of 11 degrees 27°'N and 11 degrees 39°’N and the
longitudes of 11 degrees 23’'W and 11 degrees 34’W. The land area of the Diaforé

watershed is 60 km?, or 6,000 ha.

The Diaforé watershed receives 1,200 to 1,600 mm of rain per year. mostly between
April and November. Heaviest rainfall occurs from June-September. The dry season is
considered six months long, between November and April, as early and late rains are not
significant.

The principal watercourse in the watershed is the Diaforé, which flows southeasterly.
The Kouratongo branch from the northeast flows in a southerly direction and joins the
Diaforé near the village of Foreya. The Kounibama and Fulasso flow from the north
between the Diaforé and the Kouratongo streams, join to become the Fulasso, and flow into
the Kouratongo. The third major branch of the Diaforé is the Kouné, which flows in a
northeasterly direction and joins the Diaforé near the terminus of the watershed. After
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Typical landscape of termite presence, Diaforé

leaving the watershed, the Diaforé flows in an easterly direction and eventually empties into
the Bafing, which later joins the Senegal River.

None of these watercourses has a continual flow all year round, although certain
springs are permanent. During the dry scason the Diaforé breaks up into a series of stagnant
ponds within the stccam bed where banks are up to 10 m high. The length, width, and depth
of these seasonal swamps varies.

Estimates derived from acrial photos (1 to 30 thousand) subdivide the land into the
following three broad physiographic types:

-50 percent bowal (3,000 ha)
-30 percent varied slopes, soil types, fallow, small forest areas (1,800 ha)

-20 percent alluvial plain, watercourses, and gallery forests (1,200 ha)

Further analysis of the aerial photos, 1985 Landsat imagery, and topographic maps
from 1953 show a 48 percent increase in suntuurés and a 500 percent increase in exterior
fields between 1953 and 1989. (This information considers not only the Diaforé watershed,
but the adjacent Kabari watershed as well). This information was gathered during a study
sponsored by NASA and undertaken at the University of Arizona with Guinean participation
and support. The study did not include the Koundou watershed.

4



The watershed is characterized by exiensive bowal (50 percent) that gives a very
barren impression to the landscape. Closer inspection reveals small forest islands on these
areas, wide swaths of mature gallery forest. and fallow lands in various states of
regeneration. Species found include Parkia biglobosa, Holarrhena africana, Parinari exelsa,
Erythrophleum guineensis, Butyrospermum parkii, and Prosopis africana. The area,
generally considered a transitional savanna zone, is seasonally drier than areas of the Fouta
Djallon to the south and west, and has more Sahelian tree species such as baobab.

The classified forest of Bakoun is approximately 20 km east of Kouratongo, outside of
the Diaforé watershed boundaries. This 28,000 ha forest was legally classified in 1953.
This forest cons.iutes a separate watershed basin.

The following, on the Dissa watershed, was taken from a 1992 report by Peace Corps
volunteer Trevor Taylor.

B3. Dissa Watershed

The Dissa watershed is located between 12 degrees 25°N and 12 degrees 30°’N
longitude and 10 degrees 13°W and 10 degrees 20’W latitude, in the district of Wolia in the
sub-prefecture of Souguéta.

Average rainfall is 1,900 to 2,000 mm annually. Average temperatures for the hotiest
months (March and April) are 26° to 35° C, whereas averages for the coldest months
(December and January) fall between 14° and 19° C.

The vegetation of the Dissa "~-atershed can be classified as a combination of open
savanna woodland, bush woodland, light forests, and lightly wooded savanna bush. Much of
the uncultivated land remains wooded, perhaps more so ir.n the more densely populated
regions of the Fouta. Similarly, in general, farmers leave land fallow for longer periods of
time, allowing secondary grasslands and bush and wooded savanna to return.

Gallery forests are found along waterways and around springs. Dense forest stands
are also maintained in certain areas for cultural reasons. There are a number of large rocky
bowals, which are highly eroded and maintain only hardy grasses and bushes. Burning
practices and grazing retard growth in these areas.

Two principal watercourses with numerous smaller courses are found. The Dissa
branch flows southerly through the eastern edge of the watershed, where a complex network
of streams feeds the Sangaran waicrcourse on the western edge of the watershed. The
Sangaran flows easterly to the Dissa that continu=s southeasterly to the Kora, ard the Kora
flows west to the Kolente, which flows into the Atlantic. The majority of the villages in the
watershed are located around the Sangaran branch and its feeders. Most of these
watercourses dry up completely or break up into stagnant ponds, including the Dissa.
Kesidents in Amaraya, where the Dissa meets the Kora, have noted greater than a one-m
drop in the Kora during the rainy season over the past seven years. There are numerous
springs throughout the watershed.



The Souti Yanfou classified forest is located just outside the watershed boundaries,
500 m to the west of Souguéta. It was classified in 1943, and is approximately 11,000
hectares. The flora and fauna of the forest seems to be guite varied. Locals claim that there
are chimpanzees, monkeys, leopards, wild boars, and other wild animals inhabiting the
forest. However, forest encroachment is restricting these animals to smaller and smaller
areas.

10
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SECTION I
LITERATURE REVIEW OF CURRENT TERMITE AND STORED PRODUCT
PEST CONTROL STRATEGIES

—

A. Termites

Of nearly 2,530 species of termite species identified worldwide, some 300 are
considered pests. Most are controlled via long residual pesticides, among them the
organochlorines (Cowie et al, 1989). Even though their efficacy has been proven, danger of
poisoning (applicators, and non-targeted animals), lack of skilled workers (Gray and Buicher,
1969), and their effect on the environ:nent (persistence and leaching to the water table, etc.)
present major drawbacks.

Cowie et al (1989) have reviewed common termite control in Africa and Indo-
Malaysia. Wardeil (1987) reviewed several control methods and also pointed out beneficial
functions of the termite. Over and above the damage termites cause, there are many
advantages to their presence and action in the environment:

* soil enrichmert due to the biological wastes associated with their large colonies and
varied source of nutrients derived from a wide range of foraging habitats

* soil aeration due to their tunneling, which facilitates water infiltration and cycles
micronutrients from the sub- oils, mainly in clayey, hard-pan soil

* modification of the.soil texture
* food source for several predators, and man as well

*» source of income—in the Diaforé watershed, alates (winged adults) were collected,
fried, and sold in the market (50 FG/pile)

* their association with fungi and other micro-organisms represents a significant link
in the fcod chain

The species in the genera Macrotermes, Microtermes, Odontotermes, and
Ancistrotermes are the most damaging in Africa (Logan and al, 1990). Control of these pests
is difficult due to their different biology. Macrotermes spp. build large epigeal termitaria
(mounds) and forage underneath the soil through tunnels up to 50 m long (Logan and al,
1990), and attack plants at the base, ring-barking or cutting them (Cowie & Wood, 1989).
Macrotermes and Ancistrotermes spp. build diffuse subterranean nests and attack plants from
the root system to the stem. The hollowing from the feeding is usually filled with soil
(Cowie & Wood, 1989). Microtermes live farther underground than Macrotermes.
Odontermes spp. can have either subterranean or epigeal mounds. They attack plants when
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foraging under soil sheeting on the outer surface of the plants, and can cause important
damage to the stem. Control measures are furthermore difficult to implement without
specific knowledge of the species involved due to differences between species in a single
genus in mode of attack.

Control has generally been through chemical methods, although the high risk involved
is recognized. Alternative control methods include:

Meckanical/physical. Destroying the mounds, removing and killing the queen,
installing physical barriers.

Cultural practices. Planting appropriate tree species; planting healthy and vigorous
stocks; adequate watering prior to planting to reduce post-planting stress period; mulching;
planting at higher density than required, then thinning; using susceptible plants to attract and
trap the pest; burning and using wood ash; discouraging monoculture; using botanical derived
extracts; etc.

Biological control. Not very popular, but promising in forestry: introducing or
managing predatory ants; encouraging inter-specific competition by other insects, micro-
organisms, and termites with the key pest; using Bacillus thuringiensis, Beauveria bassiana
and nematodes; using termites as a food source, etc.

Chemical control. This method relies heavily on the cyclodienes’ persistence.
Several other pesticides, such as the organo-phosphates (OP’s) chlorpyrifos, isofenphos, and
pyrethroids, such as permethrin, are used. Bait formulations with Mirex, fungicides, or
IGRs such Amdro and Logic are also available. For some, their application in forestry is not
fully evaluated (Wood and Kambal, 1989). Research on the use of fungicides in agroforestry
to cut the food supply of the subterranean tcrmite by controlling the symbiotic fungi such as
Termitomyces spp. has been documented (Wardell, 1987). The use of slow, controlled-
release pesticide is attracting more attention (Canty, nd; Tamashiro, pers. comm.; Russel-
Smith, pers. comm.; and Logan et al., 1990).

B. Stored Product Pests

In addition to the termites, stored products pests are of importance in Africa. Ezueh
(1981) recognized the difficulty of quantifying the losses because of extremely variable and
complex traditions influencing storage practices. The world annual storage loss for grains
was estimated at 10 percent of annual production (more than 100 million tons). Losses up to
30 percent or more are reported (Ezueh, 1981). The maize weevil (Sitophilus zeamais,
Curculionidae) has been reported in several African countries, attacking a wide range of
stored products. Other pests such as the cowpea bruchid (Callosobruchus maculatus,
Bruchide), the flat grain beetle (Tribolium spp., Tenebrionidae), the lesser grain borer
(Rhizopertha dominica), the larger grain borer (Prostephanus truncatus, Bostrichidae), and
the angoumois grain moth (Sitotroga cereallela, Gelechiidae) are a few of those encountered.
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Whitten (1992) recognized
that control of storage pests is
usually oriented toward physical
and chemical techniques
(Whitten, 1992). Farmers’
attempts to control pests are
usually limited to bulk storage,
in clay pots, gourds, and basket
storage. Crib building is
common. Whitten (1992)
reported that controlling insect
pests in storage facilities has
dealt mostly with physical and
chemical techniques and that
biological approaches are not a
dominant intervention strategy.
It is likely that bulk and bag
storage will rely heavily in the
future on sealed storage,
controlled atmospheres,
solarization, and sanitation.

Alternative non-synthetic
chemical control methods are
usually less emphasized. The
use of botanical extracts is
common. This approach, while
promising, should be closely
investigated due to the unknown
toxicity class of most plant
toxicants used. Also, no action
is suggested in areas where
termites are present but do
not constitute a threat. Damage to bananas caused by termites, Dissa

Further information on alternative control methods is found in publications such as
The IPM Practitioner, Common Sense Pest Control, etc., which are good and valuable
references. The review of Logan et al. (1990) is an excellent review of alternative and non-
chemical control methods.
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SECTION IV
CURRENT STATUS OF PESTS AND CONTROL MEASURES
IN THE WATERSHEDS

Documentation on the watersheds’ ethnography, geography, natural resources, and
other pertinent information is provided in the baseline studies and other mission reports cited
in the list of references (MARA/DNFC/USAID, 1993). Information on the current status of
pests and pest management in the project area is lacking. To better address the problem at
hand, a brief review of the status of pests, control strategies, and agroecology is necessary.

Three main agricultural activities prevail in the watersheds: field crop cultivation,
gardening, and beckeeping. The field crops are mainly corn, rice, cassava, and fonio in
outside fields, and in the fields located near or in the dwellings (tapades), vegetables, sweet
potatoes, taro, cassava, cotton, corn, oranges, bananas, and mangos.

A multi-cropping system in the rapades is possible, due to the richness of the soil
maintained by women through composting, deposit of any Jiscarded organic matter, a
protective enclosure against animals, and the ability of the women to invest time and effort.
Usually, the younger the women, the richer the soil. The diversity of the terrain, richness of
the soil, gender, and ecological zones determine the cropping system or pattern. The
consultant’s visit in the gardens and discussion with the women have resulted in several
observations, and raise several issues.

Family and collective vegetable gardens are cultivated in the rapades near the
improved water sources provided by the project. This is a new activity for most women,
since they had not practiced gardening previously. Their interest is illustrated by their
eagemess to learn and their receptiveness toward external technical input. In other villages,
wherever water is not a constraint, the same apparently held true.

A. Termites

Termites have often been reported as among the most important pest problems in the
watersheds. Based on observations of this writer, the termites are most severe in Diaforé.
They cause damage on seedlings of corn, rice, peanuts, manioc, vegetables, wooden fences
around orchards and nurseries or tapades, stored goods, wooden fences, and dwellings.
Even though 33 species have been suspected (K.B. Paul, pers. comm.), no written source
describing or indicating the species involved was located. Of these species, only one is
theoretically causing the most serious damage; genera from the Termitidae family—
Macrotermes sp., Odontotermes, Microtermes and Nasutitermes—seem (0 be prevalent.
Bellicositermes natalensis was the only species identified in the plant protection laboratory at
Foulaya, Kindia. Samgles have been collected for further identification.
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In the field, termites build conspicuous mounds of different shapes, ranging from
dome-like structures of the Macrotermes spp. to umbrella-like mounds of the Cubitermes spp.
(Wildlife Cons. Dept.; no date). The latter seem to be more frequent and in large number in
the lateritic slopes of the bowal and in some open plains.

Al. Local Experience with Termite Control

Termite control is usually limited to physical destruction of the mound ar d removal
and killing of the queen(s). If this operation is performed by the plant protection laboratory
staff, chemical pesticide is applied copiously in the mound prior to closing it. This method
was reported to be very efficient by the plant protection laboratory at Foulaya (Kalabane and
Camara, 1989). Of 1,364 mounds treated in the prefectures of Labé, Pita, Dalaba, and

Queen with soldiers, workers, and guards, Diaforé

Mamou with either Basudine 10G, 60 EC, or Folidol E 605 (Parathion) formulation, 1,318
were completely inactivated, a 97 percent success rate. Farmers may either open the mound,
kill the queen(s) if found and expose the colony to the sun to desiccate, to predation by
chicken, birds, and ants, or pour some Néré (Parkia biglobosa) concoction from bark, leaves
and pods inside the open nest before closing. Others will usc ashes of the same species of
Néré or Teli (Erythrophyleum guiniensis), known for its toxicant properties, especially in
Ghana and Cameroon. Some farmers collect cow urine to drench the open mound.
Kerosene ("gasoil") and the black powder found in batteries are also used. In some cases,
incantations or talismans are made and deposited on the mounds or in the areas for
protection; monkey skulls or chameleons may also be buried in the mound. The "flooding"
method is also used: water from rainfall is channeled into the open mound to drown the

colony.
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According to villagers in Hafia (Dissa watershed, Souguéta), termite excavations
around house walls constitute a refuge and entry hole for snakes and rodents into the houses.
For them, this is a serious issue. Farmers reported instances where trying to cope with the
termite resulted in so much damage that it became intolerable; consequently, the land or
dwelling is surrendered to the pest.

A2. Report on a Large-scale Termite Control Program

For almost 30 years, the Republic of Guinea has been somewhat isolated from the rest
of the world, resulting in an introspective way of thinking and communicating with the
scientific community. This has resulted in lack of scientific progress, as evidenced by
rudimentary plant protection activities compared with the work and documer.tation found in
neighboring countries. Among the crucial issues, termite and storage pest problems have
been identified and action toward their control recognized as a priority.

In 1989, the plant protection laboratory, during its termite control campaign in
cooperation with the UNDP project funded by FAO (PNUD/FAO/GUINEA/86/004) in the
tapades (home gardens), identified and treated 1,364 termite mounds with Basudine 10G, 60
EC at 200, 250, 300 and 350 ml or grams of the two formulations, and with Folidol E.605
at 100, 150, and 200 ml in the Prefectures of Labé, Mamou, Pita, and Dalaba. Additional
50 ml or 50 g of each formulation was made in the prefectures of Labé and Pita due to the
abundance of rainfali during the treatment period. According to the report (Kalabane and
Camara, 1989), 1,318 mounds were completely eradicated, resulting in 97 percent control.
On a per-prefecture basis, Mamou had the highest mound count (426), followed by Pita
(341), Labé (313), and Dalaba (284). In each prefecture, 411, 337, 290, and 280 mounds
were destroyed respectively. The laboratory concluded that the pesticides used were efficient
termiticides at any dose used. They recommended a second treatment at the beginning of the
rainy season in areas that received only one application. Furthermore, the laboratory
suggested that for more successful control, the extension agents (Conseillers Ruraux, CR)
should educate the farmers on mound-opening techniques prior to the chemical application
(Kalabane and Camara, 1989). Note that the laboratory agents have received, through
USAID, a pest management training course from the Centre de la Protection des Végétaux,
Dakar, Senegal.

In 1992, the International Fund for Agricultural Development (IFAD) sponsored a
termite control program in the prefectures covered by the project: Lelouma, Tougué,
Koubia, Mali, and Labé. Diaforé was not included in the project. A report was not
available, but according to Mr. Baldé, results were satisfactory.

B. Weevils and Other Stored Product Pests

Storage of foodstuffs is handled several ways. In the case of maize (the main product
stored), it is left on the cob and placed in bags, on top of wooden cribs inside the house, or
hung from the ceiling frame. It can also be separated from the cob and kept in sealed bags,
bowls, or clay jars. The container is either placed on tnp of the crib, set on a pedestal
(wood, rock, other container) or simply left in contact with the soil. Cribs inside the house
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are usually built of bamboo above the fireplace, which provides heat and smoke te repel
pests, but the maize grains will usually have a black coloration from the smoke and their

germinating ability may be affected.

Several insect pests were noticed, ranging from the maize weevil, Sitophilus zeamais
(Curculionidae: coleoptera), grain beetles such as Tribolium spp. (Tenebrionidae:
coleoptere), and bruchids, (Bruchidae: coleoptere) mostly in the same commodity.

Bl. The Maize Weevil

This pest (Sitophilus zeamais Curculionidae: Coleoptera) was the most abundant and
most frequently found or reported. These pests damag = grain by boring inside, feeding,
reproducing, and excreting, leaving a powdery frass. In severe cases, 100 percent loss is
possible. Nevertheless, women try to salvage as much grain as possible by sifting prior to
cooking. The insects can be found outside the food source when infestation is severe, which
makes their control difficult. Infestation can start from the field prior to harvesting. Adults
mate and females deposit eggs on the maize at milky and dough stage. After harvest, larvae
feed on the stored grain. Several generations are possible per year. The weevil can move in
and out the cob, and can also be found in cracks and other hard-to-reach spaces (e.g. inside
the bamboo sticks used for cribs). It was also found in cassava where its boring and feeding
activity resulted in exit holes and powdery matter when the cassava was split open.

B2. Other Stored Product Pests

Other beetle species—the larger grain borer, Prostephanus truncatus (Bostrichidae:
Coleoptera), the lesser grain borer, Rhizopertha dominica (Bostrichidae: Coleoptera), and the
Angoumois moth Sitotroga cereallela (Gelechiidae: Lepidoptera)—were also mentioned by
Saidou Baldé, the CAPV in the province of Labé, their damage being similar to the others.

The host range for these pests is broad, ranging from cowpeas, mainly attacked by the
cowpea weevil, Callosobruchus maculatus (Bruchidae: Coleoptera), peanut, cassava, and
rice. Samples of cassava and maize taken from a weekly market in Linsan Saran were
infested or damaged by these insects.

B3. Local Experience with Stored Product Pest Control

At the farmer ievel, action is seldom taken, although sometimes ash or powdered hot
pepper is mixed with the grain prior to storage. Cassava is sometimes cured by boiling and
drying before storage. Chemical control by the plant protection laboratory is performed
using Actellic Dust at 2 percent a.i. or Actellic 50 EC. Sidibé (19%9) reported a large-scale
treatment in 1989.

B4. Report on a Large-scale Stored Product Pest Control Program

In October-November 1989, the same team was also involved in a project on stored
product pest treatment PNUD/FAO/GUI/86/004 (Sidibe, 1989). The areas of intervention
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were identified by the conseillers ruraux (CR)—extension agents—in the four prefectures
mentioned above. Overall, 420 farmers were identified, but only 59 benefited from the
treatment. In all, 122 kg of Actellic 2 percent P and 44 1 of Actellic 50 EC were used to
treat 200 tons of stored commodity (maize, cassava, peanuts, cowpeas, and rice). ‘The report
1 :ntioned only the main pests found on maize (Prostephanus truncatus, Sitophilus zeamais,
.nd Sitotroga cereallela). Maize was the commodity mostly found in the storage premises or
the only one in adequate condition for treatment. Results obtained were satisfactory. K.B.
Paul (1988) reported the efficient use of Actellic 1 percent in Rwanda at a rate of 1g/kg of
grain, the equivalent of 10g/20kg of grain using the Actellic 2 percent.

Problems mentioned during the campaign included:

® Lack of earlier acknowledgement of the farmers receiving the deinonstration
treatment

* The timing of the operation conflicting with the farmer’s schedule (field weeding,
harvesting, surveillance, etc.)

* Insufficient numbers of bags to contain the commodity to treat in certain
households

* Some reluctance by the farmers to implement the measures recommended

¢ Incompatibility of the technique with traditional control methods

The plant protection team planned to address these constraints in future operations.
C. Other Pests Found in the Tapades and Their Control

Grasshoppers. Their attacks are confined to the edges of vegetable gardens. The
most frequent species was the criquer puant ("smelly grasshopper"), Zonocerus variegatus,
(Acrididae: Orthoptera). The Senegalese grasshopper Oedaleus senegalensis (Acrididae:
Orthoptera) was not observed but reported. Feeding was observed on eggplant leaves and
cassava. Grasshoppers are usually in clumps or randomly distributed along the field edge,
migrating from the weeds or neighboring mature crops. Control is usually not implemented
except by planting bitter cassava; the latter was observed being chewed by grasshoppers.

Fruit flies. Ceratitic capitata (Tephritidae: Diptera) was reported on orange and
mango fruits and on vegetables. Adults lay eggs in the fruit that will constitute the food
source of the larvae and suffer a secondary attack by micro-organisms. Damaged fruits were
shed on the ground and rotted, an important economic loss. No chemical control is reported
by the farmer; destruction of the attacked fruit is the only method used.

Cassava mealybug. Phenococcus manihotis (Coccidae: Homoptera). The fixed

forms of the mealybug cause severe damage to cassava plants. When the attack is severe,
leaves and stems are covered with white powdery matter. Mealybugs feed by sucking and
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covering the stomates of the leaves, weakening the plant that subsequently wilts and dies.
Similar damage by scale insects was observed on mango and citrus plants. No chemical
control is undertaken by the farmer. IITA has been working on mealybug-resistant varieties
and the release of natural enemies such as the parasitic wasp, Epidinocarsis lopez, already in
effect in 24 African countries (IITA, 1990).

Cotton stainer Dysdercus volkeri (Lygeidae: Hemiptera) was reported by the
Koundou watershed team. They damage rice during grain filling by picrcing and sucking the
milky grain, leaving an empty paddy. Their presence was probably related to the existing
cotton crop, where it attacks the boll prior to maturation. This results in discoloration of the
lint, and consequently alters its quality. No chemical control was reported on rice.

A bollworm Cleptophlebia leucotreta (Tortricidae: Lepidoptera). The CA of Labé
reported that the damage caused by the adult moth starts when the female oviposits on the
orange fruit during its early development. When hatched, the larvae bore into the fruit to
feed and grow. At the last stage, larvae exit the fruit and pupate in the soil near the trunk.
The damaged fruit is shed by the plant. Important losses have been reported. Identification
was done through the LPV at Foulaya, Kindia, and research is being carried out regarding its
monitoring and control. Its presence could also be related to cotton, being an endocarpic
feeder of the boll. At present, control is by manually dislodging the worm from the fruit and

destroying it.

Weaver Ants. (Formicidae) on mango and citrus trees. Reported and observed in
Lisan Saran, red ants (Formicidae) are more of a nuisarce than an economic pest. Their
territorialistic hehavior is expressed by attacking intruders, sometimes to the point that
farmers are unable to climb their fruit trees. Their nests are made of curled leaves,
surrounded by silky webs, produced by the larvae from their silk glands. They tend scale
insects inside the nest and feed on the honey dew secreted by the scale insects (Holldobler,
1990). No control method was mentioned.

The species found seem to be Oecophylla longinoda, the African weaver ant
(Formicidae) already reported in the Old World; O. smaragdina is another species found in
India, Queensland, Australia, and the Solomon Islands (Holldobler, 1990). These ants have
been used for more than 1,600 years in China (The IPM Practitioner, 1992) to control pests
found in citrus, mango, and several other tropical and subtropical fruit trees. They are
known for being "violent, skilled attackers, moving from tree to tree in search of insect
prey.” In China, farmers use bamboo poles as bridges to make it easy for ants to move from
tree to tree. This might be an applied research topic for controlling Clebtophlebia leucotreta
on citrus trees. They have been tested in Ghana and proven to reduce incidence of most
serious viral and fungal diseases of cacao, by controlling the mirid leaf bug vector of the
pathogens and other tissue and sap feeding insects.

The plant protection team pointed out difficulties, such as lack of early identification
of farmers to receive the demonstration treatment; bad timing of the operation (the farmers

being busy with weeding, field surveillance, harvest, etc.); lack of storage bags prior to
treatment for most farmers; and reluctance of some to abandon traditional methods or try the
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chemical method suggested. The team recognized these limiting factors and planned to
consider them when organizing other similar operations.
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SECTION V
REVIEW OF PEST MANAGEWMENT STRATEGY
AND PESTICIDE LEG.{SLATION

Information provided in this section is a synthesis of visits and interviews with
national and prefectoral crop protection services, farmers, Guinea NRM project personnel,
and documentation from various relevant sources.

A. Organization and Function of the Division of Crop Protection (DPV)

The Division of Plant Protection (DPV) is under the General Department of
Agriculture (DGA), in the Ministry of Agriculture and Animal Resources (MARA). Itis
headed by a national director based in Conakry. The director is responsible for
implementing pesticide regulation and control, as well as keeping agents up to date on usage
techniques. It is equipped with a National Laboratory of Plant Protection located at Foulaya,
Kindia, where fundamental and applied research are conducted. The staff of the laboratory
work with farmers, chemical companies that have produced pesticides in the past, and project
donors. They provide training and technical support to the best of their capacity. Visits to
the Labé station, the plant protection service there, and the roulaya Entomology Research
Center reveal that the agents could definitely benefit from long- or short-term training and a
minimum of logistic support; their performance would certainly improve. The station chief
(chef d’antenne) of Labé, Saidou Baldé, could be a good candidate, considering his 10-year
experience in termite control and his strong drive and interest in pest management. The
laboratory in Foulaya also conducts pesticide screening tests and proposes recommendations
from test results. The Division of Plant Protection is represented in each of the five
provinces by a station chief and his assistant. In the 35 prefectures, there are three crop
protection agents (agents de la protection des végétaux, APV). In the 336 sub-prefectures,
agents of MARA (extension agents) act as liaison between the prefecture PV service and the
farmers in their area of action.

The station chief is usually a university graduate from the Department of Agronomy,
University of Guinea, and his assistant may have the same academic background or be from
a vocational agriculture school. Both have a general background in crop protection from
field experience, documentation, farmers, or short seminars. The station chief and his
assistant monitor and coordinate all the prefectures in a province, and report to the laboratory
at Foulaya. The station chief is also in contact with the projects that operate in his domain.
He/she acts as an advisor or consultant, and sometimes gets involved in activities related to
pest management in a given project program. In Labé, the station chief’s means of
transportation is limited to a motorcycle used to cover the whole province. Since 1989, no
funds have been allocated for supervising activities (monitoring, scouting, etc.).

At the prefecture level, one plant protection agent and two assistants are responsible
for pest management activities. They report to the station chief of their province. According

23

A+



to the agents, each prefecture has a storage unit where the pesticides and application
equipment are kept. During one visit to a prefecture, the consultants noted a limited level of

understanding of pest management of the two agents contacted.

The consultant did not visit any sub-prefecture agricultural service, but it was
reported that crop protection activities are carried out by extension agents who report to the
prefecture supervisor. rhese are the ones more iut touch with the farmer. But due to the
lack of transportation and incentives, periodic pest monitoring information is not well
documented.

The chart below shows the structure of the DPV in Guinea.

Ministry of Agricnlture and Animal Resources (MARA)
(Ministere de 1’ Agriculture et Ressovries Animales)

Department of Agriculture (Direction Générale de 1’ Agriculture—DGA)

Division of Plant Protection (Division de la Protection des Végétaux—DPV)
Control ind Phytosanitary Legislation
Crop Protection and Registration Procedures
Crop Pest Inventory and Monitoring
Postharvest and Storage Loss Assessment

Province (Regional Level)
Crop Protection and Stored product Laboratory at Foulaya, Kindia.
Five Laboratory PV Stations {Antennes): Labé, Boke, Kankan, Nzérékoré and

Kissidougou
Prefectures (Total of 35)
Labé, Boke, Kankan, Nzérékoré, Kissidougou, Conakry I, Conakry II, Conakry III,
Tougué, Koubia, Dalaba, Mamou, Koundara, Pita, Coyah, Gacul, Forecariah,

Faranah, Lelouma, Boffa, Dabola, Mali, Kouroussa, Gueckedou, Dubreka, Sigwiri,
Macenta, Fria, Kindia, Maudiana, Lola, Telimele, Kerouane, Yomou, and Beyla.

B. Pesticide Registration Precess

Law 1/92/028/CTRN of August 6, 1992, regulates Pesticide Registration Procedures,
PRF (see Annex B). Presidential decree D/94/044/PRG/SGG of March 22, 1994, ratifies
and implements the Pesticide Registration Law (Annex C).

The PRP law is composed of four titles:

Title I contains two subtitles, and deals with general background information
(definition of terms of reference).
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Title IT has 11 subtitles, describing and specifying the policy of pesticide management
in the country. Provisions are made regarding importating; processing; storage; screening
trials; sales; creation of a registration committee; chemical, physical or biological alterations
of pesticide formulations; intended use; restricted use; packaging; proper management of the
pesticides by licensed sales representatives, etc.

Title III with seven subtitles deals with fines and other related penalties for misuse
and mismanagement.

Title IV with two subtitles reiterates the general provisions and establishes this
document as a national law.

Certain pesticides are no longer allowed to enter the country, and their use is either
restricted or banned. The FAQ program officer in Conakry provided the list of six pesticides
Guinea has included as Prior Informed Consent pesticides under the International Code of
Conduct for the Distribution and Use of Pesticides (MARA #2653/MARA/CAB; 1923):

Chlordane Ethylene dibromide (EDB)
Chlordimeform Heptachlor
Cyhexatin Mercury-containing compounds

Therefore, these should not be used in the GNRM project areas.

Demonstration with farmer participation, Diaforé
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Law L/92/027/CTRN of August 6, 1992 (Annex A), regulates the quarantine on
import/export of plant materials. The law requires mandatory declaration and a legal
phytosanitary certificate stating that the product (plant, fruit, by-product) has been treated
and/or is free from any potential infestation. This certification should be carried out by the
phytosanitary inspectors selected by the Department of Plant Protection. The control is
theoretically implemented at all harbors, airports, and main roads at borders, but at the time
of the consultant’s visit to the department there was as yet no decree to implement the law.

C. Pesticides Used or In Stock

According to the station chief in Labé, the pesticides mentioned below represent those
most frequently used in Guinea. They are authorized by the laboratory.

Pesticides are categorized according to their toxicity, which is usually expressed as
the amount of pesticide (in mg) for each kg of body weight that a given population tested
should be exposed to (oral, dermal, inhalation) to have a 50 percent mortality. The lower
the amount of pesticide needed, the more toxic the compound, and the lower the category
rank (Category 1, II, III, IV). Wording on the label is also function of the category assigned
to the pesticide (i.e., danger, warning, caution).

Table 1. Classification of Pesticide Toxicity by Category and LD50 (mg/kg)

Cat. Description Oral LD50 (mg/kg) Dermal LDS0 (mg/kg
Solid Liquid | Solid Liquid
Ia Extremely dangerous >5 <201} 10 <40
b | Very dangerous 5-50 20-200 | 10-100 40-400
Il Warning 50-500 200-2000 | 100-1000 400-4000
11 Caution >500 >2000 | >1000 >4000

Source: Wilma Arendse et al. Agrodok-series no. 29. Agromisa. CTA. 1989,

Table 2. Lethal Dose Estimated for Humans, as Function of LD50 Values

Oral LD50 (mg/kg) Estimated Lethal Dose

<50 Few drops or the tip of a knife

5-50 From a knife tip to teaspoonful (5 ml)

50-500 From one teaspoonful to 2 tablespoonsful (5-30 ml)
500-5000 From 30 ml to 0.5 1

Source: Wilma Arendse et al. Agrodok-series no. 29. Agromisa. CTA. 1989.
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In the prefecture of Labé, a visit to the storage unit and discussion with the crop
protection agents showed an inventory of the following pesticides:

Sumithion 50 EC (Fenitrothion): Broad-specttum OP insecticide used on field Crop pests,
locusts, grasshoppers, ard termites.

Ofunack 40 EC (Pyridaphenthion): Broad-spectrum OP insecticide with low mammalian
toxicity registered for rice, cotton, beans, potato, maize, fruits, and gardens. It is
compatible with most insecticides and fungicides. Donated by Japan. Made by Mitsui
Toatsu Chem. Inc. Itis not for sale in the U.S., and is not featured in the "Rainbow
Report™ (EPA 1992) on the status of registercd pesticides and special review. Therefore, its
use should not be considered by the Guinea NRM project.

Oftanol 5G (Isofenphos): Highly tozi~ (Category I). Broad-spectrum OP insecticide. Not
recommended for use.

Basudine 60 EC and 10G (Diazinon): vroad-specttum OP Catzgory 11 (orzl rat), 111
(dermal and inhalation), IV (irritation). It is hazardous to fish and wildlife. However, the
"Rainbow Report” (March 1992) suj.ported its use, awaiting more data. It is used in termite
control by LPV at the rate of 200-350 ml/mound for the 60 EC formulation, and 200-
350g/mound for the 10 G with equal success. The amount used was a function of mound
size.

Folidol E. 605. Parathion. Not to be considered by the GNRM project.

Dursban (Chlorpyrifos and Chlorpyrifos-methyl): Broad -spectrum OP insegticide registered
for use on grain crops, storage, empty storage, domestic dwellings, earthen structures, direct
application to stagnant water, poultry, sheep and dogs, beef cattle, fruits and vegetables, etc.
The methyl form is l=ss toxic: acute oral 1,530 mg/kg, and acute dermal of more than 2,000
mg/kg (Category II). It comes in EC or dust formulation. For termite {;'it-open mound
and closing after treatment, use the granular formulation if available at 200-400g/mound,
depending on mound size. Dust formulation is preferable to the liquid form.ulation.

Actellic 2 percent (Pirimiphos-methyl: A wideiy used OP insecticide for storage pests with
an oral acute toxicity of 2,050 mg/kg (Category III) and an acute dermal of 1,505mg/kg
(Category II), and irritation (Category IIT). It is toxic to fish and other wildlife. Registered
for stored maize, rice, wheat, and sorghum. It has demonstrated adverse chronic effects and
does not have any domestic tolerance; the latter is proposed to support consumption of
treated grain. It is widely used in several countries in West Africa, including Guinea.

Super Homai 70 percent WP (Kitazin): This is a fungicide and insecticide composed of 35
percent methylthiophanate, 20 percent Thiram, and 15 percert Diazinon, Addisioral
information was not available; however, it looks promising in secd treatment bui aot for food
items. It was a gift from the Nippon Soda Co. Ltd., Tokyo. Japan. Its use could be
recommended, as it is registered and in good standing with EPA.
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Other pesticides include:

Diphacinone 0.005 percent (Yasodion): Anticoagulant rodenticide. Gift from Japan, from
Ohtsuka Chemical Industrial Co. Ltd.

Dithane M.45 30 percenr (Mancozeb): Fungicide. From Rohm & Haas Corporation
Jet VP 30 percent (Dichlorvos): Fumigant. From Nippon Soda Co. Ltd.

Cyalothrin 100 G/L EC (Cyhalone 10EC): Pyrethroid insecticide.

Cyfluthrine EC 050: Pyrethroid insecticide.

D.  Other Pesticides or Nonchemical Control Methods

Under "other pesticides and methods" the following should be considered; botanical
insecticides, biorational pesticides, lower rates of synthetic pesticides, innovative methods for
pesticide application, and pesticide rotation to prevent buildup of resistance.

Botanical insecticides are insecticides derived from plant materials. Farmers have
been using them with scme success for centuries, and modemn scientists are rediscovering
them as a way to avoid synthetic pesticides. Another advantage is that they can be produced
at low cost on small farms from flowers, leaves, stems and roots, etc., or industrially. As of
mid-1993 in the U.S., the following natural insecticides are registered by the EPA and most
are available commercially: azadirachtin (the primary insecticidal ingredient from the neem
tree), capsaicin (from hot chili peppers), garlic, sesame oil, rotenone, pyrethrum, ryania,
and sabadilla. Some of their registrations (by the U.S. EPA), derivation, EPA toxicity
category and acute oral and dermal LD50 values are summarized in Table 3 below. They
are all of relatively low toxicity, which makes them worth considering further for use in
Guinea, but only after sufficient testing. Plant-derived pesticides not registered with the
USEPA cannot be extended to farmers or promoted commercially where U.S. funds are
involved. Experimental use on less than 4.0 ha (10 acres) is permissible.

Table 3 presents botanical products presently registered with the USEPA.

Reduced rates of application, Sometimes lower than recommended rates of certain
synthetic pesticides can still satisfactorily control pests. For example, the FAQO-funded

termite control trials in the Labé region determined that there was no difference in efficacy
for termite control between 200 g and 400 g of Basudine per mound. Thus, one should
choose the lower amount.

Biorational pesticides include viruses, bacteria, fungi, and protozoa, and chemical
analogs of naturally occurring biochemicals, such as avermectin. The most plausible
biorational pesticides with immediate potential in Guinea, are the fungi Beauveria and
Metarhizium. These pathogens are showing great promise as grasshopper control agents.
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ment;

* Biological control: conservation, augmentation, inoculation, and habitat

manipulation with parasites, predators and pathogens

* Plant resistance (natural, and through breeding programs)

* Environmental manipulations: plant spacing, intercropping, timing of planting and
harvesting, crop rotation, water management, fertilizer management, soil

preparation, sanitation, trap crops

* Physical and mechanical control: screens, traps, protective packaging, barriers,
flaming and burning, hand picking

* Attraction and repellency: attractants, repellents

Table 3. Characteristics of EPA-Registered Botanical Insecticides

Insecticide
Name

Derivation

Registration

Toxicity
Category

LD50
Oral/Dermal

(mg/kg)

Azadirachtin Azadirachra indica *Align’ on v > 50600/ >2000
fruits/vegs
roots, tubers

Capsaicin Capsicum frutescens | "Hot sauce’ m -/ -
animal repellant

Garlic Allium sativum 'Garlic barrier’ - -/-
vegs, citrus

Sesame oil Sesamum indicum ’Sesamex’ a m 2000-2270/ - 11
pyrethrum
synergist

Pyrethrum Chrysanthemum Many producis I 1500/> 1800

cinerariaefolium stored food .

grains, pets

Ryania Ryania speciosa Many products m 1200/ -
citrus thrips,
Eur. corn
borer, codling
moth

Sabadilla Schoenocaulon - m -/ - "

SP. N
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I Insecticide Derivation Registration | Toxicity LD50
Name Category | Oral/Dermal
| (mg/kg) |
| Rotenone Derris, Many products III 132-1500/ - §
Tephrosia, garden dusts, I (EC
{ ionchocarpus animal ticks formulation)

Note: Hyphens indicate data are not available. The label of *Garlic Barrier® insect repellent has the signal word
"CAUTION" with the admonition to avoid contact with the eyes, and if in them to flush with plenty of water. The
empty, thoroughly rinsed container can be disposed of in household trash.

E. Pesticide Manufacturing Company or Representation and Handling

At present, Guinea does not have any pesticide manufacturing or reformulating/
packaging plants. According to the Labé station chief, most of the pesticides in the country
are gifts from donors such as Japan. All the pesticide stocks are located in the national
headquarters or at the prefectures’ warehouses. Pesticide is issued upon a plant protection
agent’s request and approval by his superior.

Manufacturers such as ALM International (in more than 26 African countries) are
represented in Guinea by SAREF International, Conakry. According to Aref Talal, the
chemical product manager, SAREF provides phytosanitary, veterinary, and pharmaceutical
products from several related companies (Bayer, Sanoufi, ICI, Marubeni, 30 percent of Dow-
Elanco). Actellic is also sold by the company, as well as protective equipment (applicators,
clothing, gloves, goggles, masks, etc.). SAREF sells both to the government and to private
users (homeowners, farmers), and provides technical assistance through its support system
headed by an agronomist/ pesticide specialist. Records of the different products were
available.

SAREF’s storage facilities could not be visited since it was the week-end, but Mr.
Talal told us the pesticides are stored in warehouses adjacent to the main office building.
Since the company is located in the center of Conakry, this presents a serious hazard that
should be avoided. When asked about disposal of expired pesticide, he said that the
company does not have this problem, since it avoids overstocking by ordering any authorized
product requested and receiving delivery within two weeks. From this, the authors
concluded that the company lacked a disposal or landfill site and contingency waste
management Strategy.

Other companies, such as Ciba Geigy and Rhone-Poulenc, were said to be represented
in Guinea, but could not be located and verified. ’

F. Visit to the Pesticide Storage Building of the Labé Prefecture

The storage building in the Labé prefecture is of concrete block, with sturdy locks.
Ventilation is insufficient. Pesticides were stored in 200 1 or 20 1 barrels for the liquid
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formulation, and in their original boxes and paper or plastic bags for the dust and granular
formulations. Two 20 1 vegetable oil plastic containers were used to store Ofunack 40 EC
left from previous use. Fumigants were kept in their original cans. A new large size
sprayer was still in its original box. There was no water source in or around the building for
emergency showers.

The building is big enough to be an improved storage facility. There are no shelves
to hold the pesticides, and other materials such plywood, cement, and non-related items share
the same building, which could favor poisoning. The cement floor needs to be cleaned of
dust since traffic inside may stir it up and cause it to be inhaled. No warning sign was on
the door or around the building, but the entry to the building was well secured. A
conspicuous sign should be provided (Attention! Danger!). The storage unit also needs to be
fenced to keep wandering livestock and children away.

It was reported that some products had expired, but could not be discarded; therefore,
they were left in the warehouse. When asked about landfill and disposal, agents said there
was no functional pesticide waste disposal policy or facility. This is a problem not unique to
Guinea, and should be addressed by an environmerital management activity or project that
will at the same time provide pesticide training courses for local technicians.

NB: During a two-to-three-hour meeting with the Labé prefecture team, it became
obvious that two of the three agents (the head of the PV service was absent) did not have
adequate knowledge of pests and pesticide management. This is a serious issue that should
be addressed before giving them supervisory functions on large-scale pesticide application
campaigns. They did in fact request better training and to be equipped with protective gear
(not found in either the province or the prefecture offices).
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SECTION VI
DISCUSSION AND RECOMMENDATIONS

A, Discussion

In general, farmers were at first reluctant to mention any means of controlling the
pests they reported. This was not at all surprising, since they had heard rumors of possible
help by use of chemical contrui. What became clear was that the gravity of the pest situation
in the three watersheds varies according to the ecology of the area, land availability, and land
and pest management practiced.

The Dissa watershed seems the least affected by termites, even though their presence
was obvious. Farmers were far more concerned about sporadic attacks of grasshoppers in
the vegetable gardens and cassava nurseries, and weevils in stored maize and cassava.
Immature grasshoppers could be controlled by trapping those already at the edge of the field
with rows of plants to keep them from progressing farther. Bait formulation of Diazinon or
Fenitrothion would be safer to use than emulsion concentrate formulation. The farmer can
also break the soil to disturb oviposition and destroy the grasshopper eggcases, which
requires knowledge of the grasshoppers’ egg-laying habits. In dwellings, physical and
mechanical controls can be used against the termites. The approaches are described below.

Storage techniques could be improved by using a few simple precautionary measures.
Most of the goods in the houses were stored directly on the mud floor or in cribs (miradors)
made of bamboo, themselves exhibiting cxit holes of wood-boring beetles. The premises
should be checked for infestation prior to storing. Selection of seeds and food grain to store
should be made in the field.

In the Koundou watershed, weevil, fruit worm, and ant activity on citrus and mangos
was more noticeable. Termites were present but did not seem to be a serious problem. The
collective gardens could be an ideal on-farm training site. The women are very involved and
most are new to vegetable gardening. Composting, ash broadcasting, and observation of
more frequent pests and beneficial insects in the garden constitute a good practice. There
was not enough gardening activity to fully assess the pest problem, since it was the dry
season, but seeing ants attacking termites and several parasitic tachinid flies was an occasion
to introduce the concept of biocontrol to the women.

In the Diaforé watershed, termites—as well as a shortage of water—were major
issues. The lack of arable land and overuse (reduced fallow) of the external fields has forced
man and pest into direct competition for crops. The villages of this area are already very
poor. They had relied in the past on orange sales to Senegal for income, while using
cassava, maize, rice, peanuts, and vegetables for food. With the severity of termite and
Cleptophlebia leucotreta (moth larva attacking orange fruits) attacks, both income and
available food supplies have decreased drastically.
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Termite queen chambers, Diaforé

A cost/benefit analysis for pesticide use in the treatment of subsistence crops is not
appropriate, since one cannot put a dollar value on action pertaining to non-lucrative activity.
Infestation of the area is not sufficiently serious to justify resorting to chemical control of the
whole zone; however, spot treatment of crucial selected mounds is indeed advisable. This
will also help prior measures undertaken by other projects (PNUD/FAO, 1989). The large-
scale termite control campaign funded by IFAD in 1992 did not cover the Diaforé watershed,
except for part of Tougué Prefecture. No additional information was available in this regard.

Overall, each watershed could make seed stocks more secure by using improved
storage techniques that are already available. Yurthermore, the use of seed treatments:

e Actellic 1 percent or 2 percent at label rate for food stored products,
* A binary (fungicide and insecticide combination) such as Super Homai (readily
available and in stock)

on non-food products (seed) would enhance storage life and stability.
B. Recommendations for an Integrated Pest Management Program
Bl. Termite Management
Synthetic chemical pesticides, persistent chlorinated hydrocarbons, were the most

prevalent means of controlling termites. However, their hazardous effects constitute a major
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drawback and zlternative approaches should be explored. In African countries, pesticides are
not well regulated, and not always available on a timely basis or used appropriately. They
are usually still donated by foreign assistance. Application is often undertaken by local
government agents with little participation by the assisted farmer. Yet local practices and
less toxic measures have been developed by farmers and in certain instances have shown
surprisingly satisfactory results.

Bla. Control in Fields and Tapades
Bla(1). Mechanical Destruction and Chemical Treatment of Mound

The mound will be inspected to see if it is live by monitoring activity in or around it.
Indications could be workers, guards, and soldier termites near fresh excavations, foraging
activity during early mormning or late at night, and the presence of insect predators around the
mounds (dragonflies, ants, birds, small reptiles, etc.). Once the presence of the termites is
confirmed, opening the mound is carried out by splitting it from the top third and digging a
trench toward the center to reach the queen’s chamber(s). After removal of the queen, 200
g/mound of a Diazinon 10G formulation or Chlorpyrifos in this case is sprinkled on the nest
to reach the tunnels. If this chemical is not available, botanical extracts of Néré or Teli or
other known toxicants are deposited (in the form of liquid solution, ash, or ground material)
in the nest before closing it back up. The project’s agroforestry activities should encourage
the introduction and/or wider planting of plants such as Neem (Azadirachta indica, Cassia
siamea, several Euphorbia, Acacia, and Terminalia spp., known for their ability to resist,
repel, or tolerate termite attacks. These plants, in addition to native species such as Néré
(Parkia biglobosa) and Teli (Erythrophleum suaveolens), could be used to reforest and treat
mounds. The treated mound should be marked using signs, branches, or other devices to
keep people and animals away. It should also be regularly monitored for any occurrence
related to the treatment applied and to evaluate the treatment’s effectiveness.

Bla(2). Use as a Food Source

Once the active mound has been split open and the queen removed and killed, it is
left exposed to the elements and predators. Some termites are also collected by children or
adults and are considered a delicacy in some areas. Fried alates, for example, were sold in a
Diaforé weekly market at 50 FG per serving. This could be a good source of protein
supplement in areas with severe food shortages prior to harvest ("période de soudure,*
usually July-August). Death of exposed termites can also be achieved via desiccation by the
sun,

Bla(3). Protection of Seeds and Seedlings
In the rapades, several preventive measures could be implemented:

® Treat potting soil with a binary formulation of a fungicide and insecticide (such as
Super Homai) prior to potting to minimize termite attack, since termites could be
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already in the soil prior to potting. The use of the product is of course subject to
EPA approval and sheold not be considered as endorsed by the writers.

Select vigorous, resistant stocks as live fences. Several plants have been known
for their rapid propagation. Most Euphorbiacae, Hypericacae such as Kiidi
(Jatropha curcas), and Fabacae such as indigo plant (Indigofera tinctoria) are
readily available.

Avoid unnecessary root pruning and allow sufficient time after the operation for
recovery. This will allow the young plant to repair damaged tissue and reduce its
vulnerability to termite attack.

Seed treatment could be made with ashes from the botanicals mentioned above,
although any ashes may be useful. Diazinon or other seed treatment product could
be added as supplement.

Water nursery stock prior to planting, which will reduce stress associated with
transplanting.

Observe proper timing for planting seedlings. Begin planting soon after the first
annual crop is sown and when the soil registers a good field capacity to a depth of
20-30 cm.

Plant an excess ("overplant") to anticipate possible loss due to termites. Thinning
the excess could be performed later if necessary.

Use plastic potting containers filled with treated soil. During planting out, the soil
dug should be mixed with ash or a recommended chemical. The plastic sleeve
should be kept to hold the potting soil and allow 3-5 cm of the tubing above the
ground.

Construct a pedestal or elevated wooden or concrete support for placing the
seedlings. In areas where palm trees are available, the Ronier (Borassus
ethiopium, Palmae) plant is recommended as termite-resistant.

Provide an altemative food source to termites to lure them away from seedlings.
This is done by refraining from completely clearing soil litter or uprooting weeds,
but rather trimming them around the seedlings. Alternatively, a row of cut banana
pseudostems (if available) cold be planted around the perimeter of the nursery.
Some pitfalls are 1o be considered, however, such as the possibility of termite
buildup.

No action: learn to live with termites if their presence is not a threat; this is
achieved by setting a threshold for action if they become a problem.
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B1b. Control in
Dwellings

New non-chemical
approaches—from mechanical/
physical to biological methods—
are gaining attention for
subterranean termite control in
infested areas. Due to conditions
in the watersheds, the emphasis
will be on mechanical and
physical measures. Physical
barriers may be used to exclude
termites from dwellings. The
approach described below could
be sustainable in the watcrsheds.

B1b(1). Sand Barriers

The Ebeling technique
(Daar, 1990) consists of building
a sand barrier around the house
to protect it. This has been field
tested on buildings in developed
countries since the 1950s and
found very effective under
certain circumstances. The
principle is simple. Sand
barriers act as a physical shield
to termites. A 50 cm-wide
continuous pile of sand or grit
small enough to sift through a Termite damage to mango roots, Diaforé
16-mesh screen is placed along
foundation walls on the soil surface or in a trench. The technique calls for a 5 cm-deep
barrier adjacent to the wall, feathering out to a 1.30 cm- depth at the outer edge. This could
be a topic for applied research prior to adoption. Recommended: a deeper trench (20-50
cm) owing to the severity of the problem.

Sand mining is a common activity in the watershed areas. Most sand is composed of
sharp crystals of silica and other hard rock. When termites try to bore through the barrier,
abrasion of the cuticle of the head capsule will lead to desiccation or micro-organism
invasion and death. In areas where the availability of sand is limited, an alternative could be
fine lateritic gravel, found almost everywhere in the watersheds. Monitoring will be by
frequent check and destruction of any tunneling or termite presence. Sound building
materials should be used to enhance the success of any control method.
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B1b(2). Use of Used Engine/Transmission Oil to Treat Fence Posts and Building
Materials

Used engine or transmission oil can be collected from urban areas or in the villages.
Fence posts can be dipped in the oil before installing them, and a coat of oil painted along
the fence up to 20-40 cm high. The oil in the wood may be a good termite deterrent. If the
fence is permanent, oil can even be mixed with the soil below. Building materials could also
be treated this way. Oil may also be applied to the house roof; this will at the same time
reduce the disposal of used oil. Another topic of applied research that could be tested.

B1b(3). Cow Manure as a Wall and Fence Coating

Cow manure can be collected and diluted to a slurry. Ash of various botanical
deterrents can be mixed in the slurry and painted on the wall. This practice is common in
some rural areas of Senegal; it is yet another topic of applied research to be tested.

B1b(4). Use of Concrete Walls and Floors

Houses visited made of concrete block walls and cement floors were not attacked by
termites, or much less so.

B1b(5). Néré Pods on Hut Roof

Néré and/or teli pods can be collected and placed on thatched roofs. The exudate
gradually released frem leaching by the rain will give a brownish color to the straw, and the
toxicity or repellent property of the extract will keep termites away. The pods can also be
tied on main branches of mango trees or other trees as protection. Ash can be broadcast on
roofs or along fences where it is also reported to control snakes. Botanical-rich rotenone
(Derris, Lonchocaprus, etc.) could also be considered wherever available. These could be
additional topics of applied research to be tested.

B2. Storage Pest Management

It is through a combination of sound storage practices that satisfactory results will be
attained. The use of Actellic 2 percent at a rate of 10.0 g/20 kg of grain is recommended,
but only after sound storage measures have been put into practice:

¢ Carefully select good quality seed by removing cracked, immature, and infested
seeds. Look for frass or foreign bodies (dead insects, etc.).

¢ Avoid excess humidity prior to storage. More than 12 percent will favor seed
deterioration.

¢ Sanitation is a must. The premises should be clean and disinfected. Actellic can
be used before storing.
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© Combine several suggested techniques to minimize pesticide usage and exposure.
Some examples:

- Solarization: expose sceds to sunlight to force any insect out or to kil! them
by desiccation. This also will reduce excessive seed moisture content.

- Vegetable oil: the addition of a sm-all quantity of oil in the product to store,
and on bags (Raqib et al, no date; Dunkel, 1992) can protect the grain from
attack by several stored product pests

- Ash: mix the grain with wood ash prior to storage
- Mix hot pepper or garlic powder (Rodale, 1992) with the grain

Boil grain/tuber: curing grain and cassava tubers can improve their resistance
to pest attack

- Sand: the abrasive effect of the silica and other sharp-edged particles reduces
insect movement in the stored product

- Disturbance: periodically overturning the barrel, jug, or other sealed contziner
will prevent the insect from feeding or laying eggs

- Hermetic seal: air-tight closures will lead to depletion of the oxygen inside the
container, and will result in the insects’ asphyxiation and death

- Harvest on time: shortly after physiological maturation

- Biocontrol: use of Beauveria bassiana and Bacillus thuringiensis
-  Erection of rat/insect proof cribs

- Knowledge of pests and beneficial insects

- Careful use of botanical extracts: neem oil, néré, etc.

For any agricultural activity to be successful, education and sensitization of farmers
and extension agents on insect biology, recognition, and control, (e.g., organizing a termite
awareness week or month) is a must. Training, sensitization, and demonstration are effective
means of communication. Furthermore, farmer involvement through a participatory
approach is a good vehicle. This will necessitate good training of the plant protection agents.
Mr. Baldé, for example, could benefit from a short-term visit t» a termite research center
such as the Natural Research Institute in England, or elsewher: in Europe or Africa. He has
ten years of experience in termite control and could be very valuable when well trained. He
seems to have satisfactory training in pest cortrol and is eager to learn more, and could be
highly effective as a termite specialist, being from the area and readily available.
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SECTION VII
MANAGEMENT OF PESTICIDES UNDER THE GNRM PROJECT IN RELATION
TO USAID ENVIRONMENT AND PESTICIDE PROCEDURES
AND TEE SCOPE OF WORK

Recommendations of pesticides used are made to ensure the Guinea NRM project’s
full compliance with EPA guidelines. The pesticides proposed are justified below.

A. EPA Registration Status

The revised list of chemicals proposed by the Guinea NRM project—Diazinon,
Chlorpyrifos, Pirimiphos-methyl—and those also proposed by this assessment—malathion,
Bacillus thurengiensis, the three-compound product of methylthiophanate + thiram +
Diazinon—are all registered and approved by the EPA. .

B. Availability and Effectiveness of Other Products or Non-chemical Control
Measures

At the farmer level, pest control is limited to empirical measures applied
inconsistently. None of them have been fully and conclusively tested although some seem
promising (botanical control measures, for instance) and merit further research. Pesticides
other than those supervised by crop protection services are purchased in the marketplace or
illegally imported from neighboring countries. Such products are either adulterated or not
used properly (wrong crop and pest). When control is carried out or supervised by crop
protection serv'ss, more success was reported. The pesticides proposed are also available to
the plant protection staff.

C. Extent To Which Proper Pesticide Use is a Part of an Integrated Pest
Management Program

The use of the recommended pesticides will be part of a systematic approach.
Existing practices and other relevant control measures (cultural, mechanical, physical,
biological) will be fully exploited. The amount and formulation type to use will be wisely
selected to minimize misuse, exposure, and contamination without hindering efficient control.
Precautionary measures will be respected to the fullest extent (label instructions, efc.).

D. Proposed Methods of Pesticide Application
Whenever possible, granular formulations will be used, mainly in mound treatment,
with all preventive measures implemented. These include but are not limited to use of

protective clothing, goggles, masks, gloves, abundant supply of water to use in case of spills,
antidotes such as atropine, and choice of proper time for treatment (early morning or late
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afternoon) to minimize exposure of non-target organisms such as livestock, bees, and
children.

E. Acute and Long-term Hazards

Respecting the measures mentioned above will minimize human and environmental
hazards. The chemicals to be used are relatively safe when handled properly; most of them
belong to Categories IIT and IV (see table of classification on page 26).

F. Compatibility of Proposed Pesticides with Target and Non-targeted Organisms

In the case of mound treatment, placing the chemical inside the open mound and then
closing it will keep the pesticide in the treated area and on the target. For treating seeds,
drift will be minimized since all application will be handled and supervised by trained plant
protection personnel.

G.  Provision for Training Users and Applicators

All operations will be handled by trained plant protection laboratory agents. They
will be given refresher training on good application practices through seminars and
workshops. Pesticide safety data shects will be provided. Farmers receiving the service
should also be trained on pesticide management and pest/beneficial insect awareness.

H.  Provisions for Monitoring Pesticide Use and Effectiveness

Periodic visits will be scheduled for post-treatment evaluation. This will include
recording any unusual happenings around the treated area or commodity, visit to farmers to
evaluate the impact of training and acceptability of methods used, inventory and test of

alternatives control measures. For this to be possible, providing logistical support
(transportation and incentives) should be considered.
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Table 4. General Employer Responsibilities When Using Pesticides

o

General Employer Responsibilities found in EPA’s

User

Worker Protection Standard (WPS)

1. PPE—Use of Personal Protective Equipment (PPE) when handling and apply-
ing pesticides. The pesticide lakel will specify when PPE is worn to
protect
* Body
* Hands
* Eyes and face
* Respiratory system

Cleaning and maintaining PPE
Ensuring that PPE does not cause heat stress

>

GNRMP

>

2. RE[—Ensuring that Restricted-Entry Interval (REISs) are observed as required

hours for highly toxic pesticides in certain climates

by the label. The REI will be a minimum of 12 hours and as high as 72

PSP e

PS4 D

3. NOTIFICATION—Notifying employees of pesticide applications that might
affect them
Includes posting signs and notice of applications done by commercial
applicators

s

4. DECONTAMINATION—Making field decontamination sites available to
employees for at least 30 days after last pesticide application

S. MEDICAL EMERGENCIES—In the event of a suspected pesticide
poisoning, the employer provides transportation to a medical facility for
employees

6. TRAINING—Employers must have a training program on pesticide safety

-

Source: Texas Agriculture, Texas Farm Bureau, South Edition, April 15, 1994.
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LAW L1/92/027/CTRN INSTITUTING PEYTOSANITARY
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AR
L/e2/ 927  [CTRN
TNSTITUANT LE COMTROLE PHYTASANITAIRE

DES VAGETAUY A ['IMPORTATION E7 A
LB PORoATION,

LE CONSEIL TRANSITOIRT DT RTDHASEMINT NATICHAL A DZLIBERT 57 ADOPTH 4
LZ PRESIDENT DB LA RTPUBLINUS DI GUINGE PROMULGTZ LA LOI DONT L~
TENEUR SUIT 2

CHAPITRS I /- DEFINITION

AR™ICIE 1SR / - Le terme " Vigét.ux " dd=igne les plantes et parties de
plantes vivantes (v compris les semences) dont Utat Jjuge nécessaire de

contr8ler 1'importation ou de certifier 1'1é&tat phytosanitaire,

ARTICLE 2 / - Le terme " Produits végétaux " désigne les produits non
manufacturés d'origine végétale (y compris les semences non visée= par la
définition du terme végétaux) 2irei que les produits mamufacturds qui,
étant donné leur nature ou celle de leur transformation, peuvent constituer

un risque de diffusion des enremis des végétaux et produits vigétoux,

ARTICLE 3 / - Le terme "ennemis" désigne toute forme de vie végétale ou
animale, ainsi que tout agent pathogéne, nuisible ou potentiellement nuisible

aux végétaux ov anx produits végéteux,

CHAPITRZ 1T / ~ OBJP™ BT OBLIGATIONS

ARTICLE 4 / - 11 est institué en République de Guinde le Contréle
phytosanitaire obligatoire des végétzux et produits végétaux A 1'importation

2 l'exportation,

ARTICLE 5 / - Le contrSle phytosanitaire est assuré par les Inspecteurs
phytosanitaires du service de la Protection des Végétaux,

ARTICIE 6 / - Il est crdée au niveau des Ports, Adports Internationaux et
des principales frontiéres terrestres des Postes de Contr8le Phytosznitaire
ayant pour t2che ess=entielle d'éviter 1'introduction et 1a dissémination

A2 1'intérieur du Territoire Mation2l d'organismes dangereux pour les

végétaux et produits végétaux,

a1 BEST AVAILABLE DOCUMENT
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2.
ARTIZLE 7 / - L'introduction en Bspublique Ze Guinde des produits
végétaux, parties de vigétaux, terre, fumier, composs el tous les
emballages, véhicules et conteneurs servant a leur transport est
subordonnée 4 la présentation d'un certificat phytosanitaire délivrs

par le service de la Protection des végétaux du pays d'origine.

ARTICLIE 8 - Les végétaux et les produits végstaux 2 1'exportation
doivent obligatoirement &tre accompagnés d'un certificat phytosani-
taire attestant que 1l'envoi est estimé conforme 2ux reglementations

phytosanit2ires en vigueur dans les p2ys importateurs,

ARTICLE 9 / - Les personnes physiques= ou morale-~ exportatrices sermnt
tenues de soumettre au contr8le des Inapecteurs phytosanitaires, leur
produits et matizres ; un certificat phytosanitaire leur sera

délivré pour attestef 1l'origine et 1'$tat sanitaire de leurs produite

mztiéres,

ARTISLE 10 / - L'Inspecteur Phytosanitaire pourrz effectuer pour
examen, les prélavements d'échantillons qu'il jugera nécessaires
suivant les modalités de prélevement d4finis par un Arrfté du

Ministére de 1'Agriculture et des Ressources Animales,

ARTICLE 11 / - Le Contr8le s'effectuera au choix de 1'Inspecteur
phytosanitaire : ‘

* Pour l'importation & bord des navires ou sur les quais et
entrep8ts immédiatement aprés déchargement au port § 2
1'Aéroport ou aux différents postes frontaliers,

* Pour 1'exportation en entrep8t ou dans les véhicules avant
ou aprés déchzrgement, au port, ¥ l'Aéroport ou aux

di:Térents postes frontaliers,

ARTICLE 12 / - Les végdtaux et les ppoduits vigétaux déji inspectés
dans leur pays d'origine, accompagnés d'un certificat phytosanitaire,
sont également contr8lés aux différents postes frontaliers de la
République de Guinée avant d'8tre introduits & l'interieur du
Territoire National,

ARTICLE 13 / - Le contr8le par les Inspecteurs phytosanitaires, des
végétaux ou produits végétaux importés doit s'e{fectuer dans un délai

maximum de 72 heures tenant compte de 1la nature périssable de ces

derniers aprées leur arriﬁée. L
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ARTICLE 14 / - L'Inspecteur phytosanitaire est le seul merdaté pour
décider de 1'admission, du refoulerent, de la mise en juarantaine,

de la destruction ou de la désinfection des produits et matizres importfe

ou destinés A 1l'exvortation,

ARTICLT 15 - I1 seraz effectué le traitemernt de tous les produits
contaminds et un certificat de désinfection sera délivré aux importateurs

S ———.
et aux exportateurs pour tous les produits qui auront <été désinfectds,

ARTICLE 16 / - Si des vépétauy ou produits végétaux i 1'importation sont
reconnus non conformes, cu 8'ils doivent 8tre détruits en totalitd ou
en partie, un procés-verbal officiel devra @tre transmis sans delai 3

1'Organisation de la Protection des végétaux du pays exportateur,

ARTICLE 17 / - Les mesures de refoulement, ou de destruction ordonnées psr
les Inspecteurs phytosanitaires sont exécutées en présence d'un ou de

plusieurs agents de l'Acdministration des Douanes,

ARTITLE ia / - Le traitement ou ia destruction des vigétaux ou produits
végétaux non conformeg'est a4 la charge des importateurs ou des exportate:r

qui seuls sont responsables de 1'Stat sanitzire de leurs produits,

ARTICIE 10 / - La matiare de reproduction importée doit faire 1l'objet de
mésures particuliares et ne doit 8tre mise X 1a disposition des utilisate::

pour vulgarisation que si son immunité est reconnue,
ARTICLE 20 / - Cependant le matériel destiné aux travaux de Recherche

sera exceptionnellement exempté des mésures envisagdes i l'Article 19,
a condition que leur utilisation soit strictement limitée dans 1'espace,

CHAPITRE III/- INFRACTIONS ET PENALITES

ARTICLE 21 / - Les agents assermentés du service de l2 Protection des
végétaux visés A ltarticle § sont autorisés i effectuer tout contr8le

aux Ports, dans les magesins et entrepots aux postes frontaliers et aux

Aéroports internationaux,

Tous ceux qui feront obstacles & 1'exercice de leurs fonctions sont

passibles de peines prévues par les lois et riglements en vigueur en

République de Suinéde, BI‘.ST AVA"_ABLE DOCUMENT
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4.
- Sont passibles d'une ameade de 200,000 A 500.000 =

outes les jinfractions =aux dispositions des articles 7 et g
A

CHAPITRT IV / - DISENSTOTONG TUATWE

. - ’ e s . .
ARTITLE 22 /- Le Yinistre 2e 1'ircrisulture et des Razapumes

Animaler, en collahoration avee tou= les Dénarite-eris roncerpés e

charpd de 1'evdsuijan de 1a préreate Toi,

2]

[N
i

ARTICIE 24 / - La présente Loi <ud ahroge towiter disnositian:
contraires sera enregistrée et publide an Jowrnr) Officia] 4e la

Rémublique 4e Cuinde et exdeutde nomme Loi de 1'"7tat,

coMsvRY, 13 6 X0uT
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LAW 1L/92/028/CTRN INSTITUTING LEGISLATION ON PESTICIDES



REPUBLIQUE D& GUINEZ

CONSEIL TRANSITOIRE D= REDRES-~
SEMENT NATIONAL

TRAVAIL - JUSTICE-SOLIDARI:

IHSIITUANT Lo LsGIoLai IOK
SUR L3 PEL.ICIDs.

3 CONSZIL 2R JiSITOIAS O RIDRUSISINIIT MIIIO0H.L A DELIBIRS

S

AT A20P238

(.

L3 PRUOSIDENT O L. RSPUSLIZUE PRONULGUZ L.. LOI, DONT LA
TSNZUR 3UIT ‘

[4]]

TITRE I- D33 GINZRALITE

ARTICLE Ter/. La prisente LOI a pour objet la mise en oeuvre
d ‘une politique nationale a 1l'égard des Pesticides et, notam-

ment, le contréle de l'importation, de la mise sur le marché,
de 1'dtiquetage, de l'utilisation, de 1'expirimentation, du
stockage et de 1l'élimination des produits périmis ainsi que
de la fabrication, de la formetion du conditionnement ou du
reconditionnement et du transport4éesdits pesticides.

Ne sont pas concernis par cette présente LOI les
produits destinés exclusivemznt a 1'exportation et ont été
pripar is et conditionnds conformément aux spécifications et
instructions de l'acheteur.

ARTICLE 2 /.~ Au sens de la prisente LOI, on entend par :

PESTICIDES : Les substances actives et Jes preparations

contenant une ou plusieurs substances actives qui sont destins:

A

a8

* Combatre les organismes nuisibles awxvégitaux et pro-
duits végétaux ou a prévenir leur action g

* exercer une action sur les processus vitaux des végé-
taux pour autant qu'il ne s'agit de substances nutri-
tives ;

* assurer la conservation des produits végdtaux stockés ;

BEST AVAILAELE DOCUMERT B-1

55



¥ dlitruire las viz-taux indasirables ;
* prévenir uns croissance indisirable des vaegditaux.

YIGETAUNG~2 Les plantes vivantas et parties vivantes de

plantes Y compris les semznces au sens botanique du terme
destinies & d&tre plant:ies.

PAOOUISS V3GS ..U ¢ Las produits d'origine v:izsizle non trans-
formés ou ayans it l'eobjet <'une priparation simple telle -ui:
cicoriicege ou pression, pour zutant qu'il

mouture, szchage,
ne s'agit de végétaux tels q"ils sont d.ifinis & la rubrique
pricidente, y comnris les graines destin:es & la consommation

139 A Ba BiaBin | 4 l)
Vs I.UX".

non vislies par la d-.linition du terme

KISZ SUR LD I4.CHs ¢ Toute distribution a titre on.reux ou grat

ORS.\ISM:S IUISIBLE : Les ennemis des vagétaux ou des parties

des vizlitaw: apparienant au rigne eonimal ou vigiial ou se pri-—

sentant sous forme de virus, mycoplasme ou autre azent pathogon

LUPORTS. . cI0n SPaUPSRIMINT. CICH ¢ L'autorisation d:ilivrle par
les autoritis ilationales d'utiliser un pesticide dans certainec
conditions diterminles dans le but de recueillir les renseigne-

ments necesszires pour cenvisager 1'hom@ogation.

2UPORISATION PHOVISOIRE D VENTE : Autorisation dilivrie par la:
autorit.is Nationales pour les produits ne présentant pas de
risque excessiis pour la santd humaine, animale et pour l'envi-
ronnement et pour.lesquels la plupart des données biologiques

requises ont pu étre fournies.

HONKOLOGATION : Processus par lequel les Autorit<s Nationales
approuvent la mise sur le marché d'un pesticide apres examen
des données scientifiques complétes montrant que le produit
est efficace pour les usages pr:ivus et ne présonte pas de risgu
excessifs pour la santd humaine, animale ou pour 1l'environ-

nement.

BEST AVAILABLE DOCUMENT
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I I TR II = 2z L 52310 D335 PISTICIDIS

=il ISLe 3/ .= Il 25t interdit d'importer, de fabriszuer, de
formuleir, .2 coniitionner ou Iz rzconditiomner, de stocker,
d'exp.rimenter, Z'utiliser ou de metwire sur ls marchd tou:
pesticide non nomologu: ou auuorisa,

22 I8, 3/~ le iinistre de 1l'igricul:iure et des Rassources
animales sur zvis du Comitl des pasticides, ci-avrés dénom-
le "Comitéd," procéde & l'homologation d2s pesticides,

La composition, la2s atributions et le fonctionnemant du Cori:
sont fix's par Dicret.
2nZICLS 5/ .- L_ proc.dure ”'homolodaz;on, dont les modalit.
sont fi:les par Dicrei privoii :

* Le refus ou 1l'ajournemant le la J._cision pour compl.-—

ment d'infsrmation,

* L'auterisztion d'expérimanie:ion,.

* L'autoriszzion provisoire de vente,

* L'homologation,
Les autorisations et 1'homologation peuvent &tre modifiies
ou retiries sur Dicision de 1l'Autorité Ministdrielle charg.:e
de 1l'Azriculiure 2t des Ressources Animales aprés avis du
Comité
ARTICLS 6/.~ Tout2 modification de 1la composition Chimique,
biologique ou physique du produi:, ainsi que tout changement
dans la destinztion pour lajuelle le produit a été autoriss
ou homologud doit &tre soumis & 1'examen de 1'Autoriti Minis—
virielle charzie de 1l'Agriculture et des Ressources Animales
qui, sur avis du Comiti, décide si une nouvelle d'autorisation
ou d'homogation doit étre prisent:ie,

=23 ICLE 7/ .~ Les régles d'embzllage, d'.tiquetage, d'utilisa-~
tlon, d'exporimentation, de stockaze 2%t d'élimination des
pesticides, ainsi jue la procédure pour 1l'analyse des prodriits
saisis, sont fixles par voie D'Arrétds.

SRIICLE 8/.- Toute publicité pour un pesticide est interdite
sauf s'il bén:fici2 d'une autorisation provisoire de vente

ou d'une homologation.
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La publicité ne peut mentionner que les indications conte-
nues dans 1'autorisation ou l'homologation et doit étre coniorn

aux lois et Réglements en vijgueur.

“RTICLZ 9/.~ Des dirogations aux dispositions relatives & la
procédure d'homologation peuvent 8tre accordées par l'autorizt:

Ministirielle chargle de 1'Agriculture et des Ressources Ani-
males et sous son ccntréle, pour les basoins de la Racherche
et de l'expirimentation..

ARTICL: 10 /.- Toute activité de fabrication, de formation, ce

conditionnement ou de reconditionnement des pesticides-pt souni
an respect des dispositions du Code de l'Environnement et ces

textes pris pour son application.

Une licence est requise par l'Autorité Ministérielle chargée
de 1l'Agriculture et des Ressources Animales, sur proposition
du comitd, pour touts personne qui procéde & la mise sur le
march: de pesticides.

Un Dicret fixe les conditions de d:ilivrance des Licences.

ARTICLs 11/ .~ les titulaires d'autorisation et d'homologation
doivent tenir unregistre de gestion des pesticides. Ce régistre
doit 3

* Etre tenu pendant trois ans & compter de la date d'a-

chéance des autorisations ou d'homologation
* Etre & la disposition des autorités chargees des contréi

ARTICL= 12/.- Lz Ministére chargsd de 1l'Agriculture et des Res-
sources Animales idicte les conditions et les modalites
d'utilisation des pesticides

~RTICLE 13/.- Les personnes physiques ayant acces, dans le
cadre de leur fonction aux dossiers d'homologation sont
tenues au secrit professionnél sauf a 1'égard des Autorités

Judiciaires.

oo-o/ooo-

'l
.\
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T ITR: IZI = Js3 INTRACTIONS =7 D=3 P2NLLITES

- — -

ATICLE 14/.- Les ag2nts assermentis de 1'Autorité Ministi-

S R

rielle charg:e de 1l'agriculture et de l'autorité Ministérielle

<e de la 3antz, les agents du Service de 1'EZnvironnement,
gue leos agenus hobilitis sn matiére de repression des
ts"), recherchent 2t con:s-

charg

ainsi
frzudes (ci-aprés dénommos "les azen
tatant par procés-verhal les infractions & la prlisente Ordon-
nance ev aux taxtes pris pour son application..

~RTICLE 15/.- Les agants peuvent s'introduire & toute heaure
raisonnable, accompzzn.is au besoin d'un representant de la
Torce Publicue et & l'exception des locaux & usage d'habitatior
dans tout bien immeuble, fond, local, quai, véhicule, gare et
asrog are ou 2st anercde toute activite d'importation, de fabri-
cation, de formulation, de conditiornemsnt ou de recondition-
nemant, de stocxz;e,de transport ou de mise sur le marché de
pesticides.

Les Agents pauvent :

* examiner toute licence, agriment ou registre
¥ prilever des Jchantillons de pesticides a des fins
de contfole

* saisir tdut pesticide reconnu non conforme aux condi-
tions d'z2utorisation ou d'homologation.
&RITICLS 16/.~ Tout produit saisi aux termes de 1'Article 15
de la prisente LOI sera Jlimits par les agents des Services
de 1l'Znvironnzment et de la Protaction des végitaux aux frais
de 1l'auteur de 1 infraction.

4RTICLE 17/.~ Les complices des auteurs des infractions visées
au présent titre seront punis dans les conditons prévues par

le Code Pénal..

SRTICLY 18/.~ Quicongue, ayant <tié condamné pour avoir commis
des infractions visies au présent titre, commettrait la méme
infraction dans un delai de Douze mois & compter de la premieére
est pgssible de peines d'amendazs et d'emprisonnement pouvant
atteindre le double du maximum fix3 aux articles priécédents
pour cette infraction..
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BARZICL: 19/ .- Les taux des amendes visies au prisentc vitre
sont rivisdis par une LOI.

L37ICLS 20/ .~ Les agents peuvant transiger avant ou apreés
nment dofinitif sur les infractions & la prasante LOI

Juge
et & ses textes d'application ;

* svant juzement la transzction lteint l'action publiguz

* iprés jugement la transaciion n'a d'efiet gue sur la:
peinas picuniaires..

Le montant des zransactions consenties cdoit étre acquitti dzns

un &.lai Fixe dans l'acte dz transation, faute dz guoi, il =3

proc.id. & la poursuite.
Le bzréme de transaction est Zix: par voie riglementzaire,

T I 7T R o IV = Dis 5IoP0..I-T0Hs SEhsit. L3

2R3i: Las conditions d'application des dispositions
de laz prisante LOI sont fi:i:es par des taxtes d'application
du Ministre de 1l'Agriculture =t des Ressources Animeles pris
en tant quz de besoin, conjointement avec les lMinistres int. -

ressis.

ARTICLE 23/.- Lz prisente loi gui abroge toutes dispositions
coniraires sera enregistree et publile au Journal Officiel
de la Ripublijue cde Guinis et exicutie comme LOI de 1l'Etat.
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R EPUBL «QUE DE GLIINEE

o - o S

vu

v

La Loi Fondameitale,

)

E

D/ o4/ Ok /PRG/ 5GG

PORTANT APPLICATION DE LA LOI
* L/92/028/CTRN DM 6 AOUT 1092
" PORTANT LEGISLATION SUWR LES

PESTICILES.

LE PRESIDENT DE LA REPU

el
-t

LIQLE |,

La Loi L/93/028/CT2 du 6 AoAtl 1993 portant Législa-
tion sur les Festicidesy

Le Décret D/9z/C36/7R

nouination des ienbres dit Gouvernéient

”
~d,

/;GG du 6 Février 10902 portat

’

Le Ugcret Df92/213/PRG/SGG du 3 Scptembre 19902 poriait

atirisations et croaiiisation du Linistére de 1'igricul.

turc ¢! des Resscivces ainales

.. -
¢
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DU SERVICE DE LA PROTECTION DES VEGETAUX

ARTICLE 1ER.~ Le service de la Protection des Végétaux, en colla-
boration avec 1'Autorité Ministérielle chargée de la santé, la
Direction Nationale de 1'Environnement et le service de la Repres-
sion des Fraudes, est chargé du controle des Pesticides sur toute
1*étendue du territoire de la République de Guinée.

= DE L"AGREMENT DES PESTICIDES

ARTICLE 2.- Tout Pesticide doit faire-l'objet d'um agrément ‘ou
bénéficier d'une Autorisation Provisoire de vente préalablement
@' son importation ou a sa fabrication en République de Guinée.

ARTICLE 3.~ L'Agrément et l'Autorisation Provisoire de vente ne
sont accordés que par le Ministre chargé de l'Agriculture sur
proposition d'un Comité dit “ Comité des pesticides ".

Cependant, pour les pesticides destinés a des fins de recherches,
une autorisation reut etre délivrse par le Directeur du service

chargé de la protection des végétaux.

ARTICLE 4.~ LE COMITE DES PESTICIDES
1 - Propose les principes et les orientations générales de lag

véglementation des Produits ;

2 - Exarine les risgues de toxicité a 1'égard de 1'homne, des
animaux et de 1'enviromnement des produits visés a 1'Article 2 de
la loi n°L/02/028/C TR du 6 dofit 1002 ;

3 - Propose Event: 2llameirt au Ministre chargé de 1'agriculture
une liste de Pesticides d'emploi interdit ou limité compte tenu

des risaues évoguis i 1'aiiuéa précédent :

4 - Propose au Miristire ciiargé de l'Agriculture toutes les mesures
susceptibles de contribuer & la normalisation, a la défivition ot
a 1'établisseinent Jes conditions et modalités d'emploi des Pesii-
cides concernés par la Loi n°L/02/028/CTN du 6 AoAt 169z en égard
& leur efficacité ~+ a leurs inconvénients de tous ordres.
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- Définit leg nctl:odes de contrfle de la composition et ce la
qualité des produitg soumis cutorisation ou g homologation et
brocéde a leuyr évaluation.

.

~ Regoit, examine et tient les demande s d'autorisation et d'ho-
mologat ion

~ Emet w1 avis suy les clenandes de licences mentiomnés a 1°'ap-
ticle 26 de la Loi n°L/92/028/CTRN du 6 Aont 10902 ;

- Recourt le cag cchéant, a des expertises réalisées pvar des
laboratoires ¢jr¢éés par le niinistre chargé de U'igricul tuve,

= Domne son avis sur toutes les questions que lui soumettent les
Liinistres intéressés

fRTICLE 5,- LE COLITE s PESTICIDES CUMNPREND

Le Représeiitant oy Linistre chargé de'l'Agricul tipe ¢t cdes Res-
sources suiinales - Priésident

n Représcitant (o o Divcetion wationale :le L'Envivomtenent -

Vice-Président.

LEL32E 3

Le chef service ce 1gq Frotecticn des végétaux Responsable cle
“Us = Secritaire Permanent

e

Uinstruction (os Do 3
Wit Reprisuitant . lg Cirection ‘atignale des Forlts ct Chasse ;

Lt Représeitant ¢ lq Diriction (e 'Institut e decherchie agro-

onigue de Giince.
Wit Repriscitant oo la Sivection ilationale e 1l':levage ;
Wil SEPTEutiitant winigtdre e la gente -

L Représcitaizt o witlistdve de Z’Industrie/?ctite ¢t Loyemie

Entreprige.
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u Ministére de la Justice ;

- 142 Représentant d
- Un Représentant cu Ministére du Plan et des Finances

- W1 Représentant cu iiinistére du Coumerce - Tramsport et Touris-
ne

- U Représentant du iiinistére de l'Enseignement Supérieur et de

la Recherche scientifique ;

En cas de nécessité, les membres du comité peuvent se faire rem-
placer par un repriéscutant compétent en la matiére. Des Expertc
cyant ou non la qualité d'agent public, peuvent, en raison de
leiwr compétence, E€tre coppclés par le Président du Couité a parti-
ciper aux travaux du Comité avec voix consultative.

ERTICLE 6.~ Le Comité peuti, chagque fois qu'il estinme 1iécessaire
1]

solliciter le Concoirs des orgenisies Officiels ce Xeclierches.dcs
services coupiéteiits ces iilinistéres ucnures du comité ct des lcho-
ratoives Etrangers, pour effectuer tout travail co'expcérimentatios:
¢t de.contrfle nécessaire a l'apprétiation'des dossiers présentés
et ultérieusement, cu suivi des Proau1ts agréés. Ce travail c'ex-
périmentation ou de cointrble est effectué aux frais du bénéfici-

airc de 1'Agriment.

(2TICLE 7.- Le Coito se véwmit ¢ lc demande ce son Frésident

~

oit ¢'wm tiers de :c: wCuiLTCEs.

Les rémtions oo Jomité vecriérert la préseince de la wmajorit:
(LS LCHUTES.

L'avis ¢u Couwiii. ¢st pris «. lec umajorité des priscnts. &1 ces

N .

(¢ partage des voix, la voix cdu rrésicent est Préponddrantc.

.- Tout wossicr e demciue 'Agréuent ou 'Auntorisation

E
provisoire e venie J'un festicide cest cdressé cu ilinisive clicrg
OV

(&8

rl.
('l
o
C
~

ronsmel e comilé ces Pesticic

™

icultire .11 lc

LATICLE 9.- Sans ivajiice des orticles précédents, le cunite

{fixa sa propre procictirc.
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DE LA PROCEDURE D'HOMOLOGATION

ARTICLE 10.- Le Dosrier ¢'lic.ologation adressé au sinistre de

l'Agriculture sera accompagié ¢ 'ine deucnde o *homologation établie
sur un formulaire simple couportant lcs rubrigues suivantes :

- {lunéro et date cd'enregistreoment

Nom et Adresse du requérant

- MNom et Adresse cdu foruulateur

-~ Nour et Adresse du propriétcire de la Larque

-~ Nout Cotmiercial

- Usage (organismes i:isisles visés, roces d'emploi, coses
c'enplol et contre indication),

ARTICLE 11.~ Lg demande cta’ lie en ceny (2) exemplaires couprend
@) = ln formulaire prévi & cct effet =t délivré par le winistre

de l'Agriculture ;

b) ~ it dossier concernat 1':omologat ion proprenent it et com-
preiant toutes les inforuations sur 1° identification et les pro-
priétés pliysico - chimigues du produit et Lig la matiere active, la
toxicologie, les effets sur 1° envirowienent, les résidus ainsi que
tout cc qui concerne la scécurité d'emploi du produit ;

c) = iu: cdossier conceriuuit 1'cifet binlogigue du procuit ; L'effi-
cacité, la phytotoxiciis cic... ot cc wreoiiant les doimides sur les
ecsais faits localement ct,’ci dong les pays ayent des cciiiitions
climaticueset agronomicues six 1ilaires ;

d) - it Spéeirten ce I'cticuctage ;

c) - litc note sur la cc<Ltlzt£on cos ulthodee C'analyse sermettant
le coitvole de la waticre (etive.
Le contein des piéces o joiudre ¢ la :ewande d'homologa: icn est

fixé pov Acr@té du i iiisire . Vanrici ] ture.
Des c¢chantillons de lc :;dcialitﬂ, cectinée & 1'¢tude cs sro pri-

Ctés pliysiques » Diologisucs o ciiuigiee i produit scitt, o teanit

qite ic Lcs01ns, exigls apros ciresistrement e la Lelciice,
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ARTICLE 12.- Aprcs cxamen du Dossier de dewiande d'autorisation ciu
d'Agrément, le comité des Pesticides propose au Hinistre de 1'Agri

culture et deg Resscurces animales 1l'uite des mesures suivantes :

1 - Uit avis favorwu.ie c'Autorisation d'expérimentation, d'autori-
sation provisoire :c vente ( A. P. V. ) ou 'homolosation, assorti
le cas échéant, .« conditicons particuliéres.

2 - Wn refus d'agrdment (iupliquant obligatecirement le retrait
d'une éventuelle ciutorisation provisoire cde veute préalablenent
accorcée).

La décision du Coizité est tramsmise cu Lititistre de 1'agricul tiwc

gui prend la Décision finale et la notifie au demande:r.

ERTICLE 13.- L'Auicrisation o'expérimentation est accordée polr

e durée c'ist an reisouvelasle sous réserve gue le douandeur foir-

nisse les justificotiiocns nécessaires.

L'autorisation provisoire de veitte ect accowrdée poinr iuie durde e
quctre (4) ans, scuf reconduetjon sexceptioinelle pour un delc1
maximum de demx (.) ais.

L'.lomiologation est accordée pcur e durde de cix (zC) ans, reici-
velable, e :c:lc 1s, pour e jpériode de e dirde.

Pour ccrtailiis paw’i sines ¢ uscge limitd et c'utilisation danmcer i
l'aorément ow 1'.... .7 #cut Ctre aszeril de la oésigiction limito-

tive ces utilisuti: .o,

Les JoeCtls o 'a 0 it ou 'ontorisation Jrevicoilre e vesnite,
(fefoV.) sout o . oiilles, & tont sent, o wodification, zus-
geitsion ou velye JLoon le gositd 1'estinc Dle oo ive.

wails la Uécigtinn .t toujuurs Ctre uctivic.

RTICLE 240~ L'use ¢ frais Jlexpdlrinciiation e Fosticidio;
11031 eiicove agviJn L ontayant oz feit 1o ojot Jtie LV LV. et
réservdé i liigli. L.l chitvasiie on ot lalovaicive i Llinigtlve
oo Ulevienline 0 Ln laosnrots woviseliz. Lo oo JilS cs Vogto-

citles prourve Svenlowilcenent syaoiicy la Jostruction s el

s d Caeges T e L EPTIPEE VU 7y AR .
:;’anb suvyi C o r, CXoet Taental 1001 D’;Sf AV!\EL."J

rT.
&
9
|
=
m
=
pa

L'importation a des fins d'cxpérimentation de pesticives o agv !
ou aittoriszCs provisoivemeiit est soMmisc & autorisciion priale.
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du iinistre co.raé e L'egriculture sur proposition du Comiié
o v Ind

des Pesticicdles.

r
Ca
(@]
C.
ts
C1
o 2
-]
C

ARTICLE 15.- L'autorisation d'expérimentalion est assortie des

conditions suiviaites : '
1 - Pyogjramue :'cssais slacé sous da suzveillance et le con-

trole conjoint du iinistére chargé de l'agricultuve, du liinis-
tére chargé de la somid et du sinistéve chargé de 1'sviron-

&
3
ssement, cihicoitn tin ce ¢l le conccric.

2 - Interdiction de toute pudblicitc ;

3 - btiouetage cciforme aw moddle tybe Jéfini par crr8té du

winistre chargc de U'igriculiure.-
. v - . .
4 - Possession i ouatlvicl appropric co suffiscnt powr la
orotcobtion ot pursonniel contre l'ex glosition aime pest
L

leuy diluiion, oo lewr apial:
u

el ~ ' ed morer .
wlitiivs <l 2GS ....G...:_... Lgll H
. B S ST SRV S JC SRS SO P .
g - t. \.-;L:lb o eSiTYL SHiclT Lt cLwie.ll (S35 M X o 283 ;u.LIJC;IL‘.«.C.;
o pc:sonncl ;
’, - —t e [} _~w b cee LR i e -
7 = sl Tl - oot o o] 108 ;'\.COILL..', .793'. 1'.;
- R S R ey e b4 . PP K 2 s g 1
covied s wtisg L. oo oo oaiaale s w0 ation winistévicllc.
o . A " -~ - Ta Al e o JT - S G
vt bt e R VRS RN t1caviioin . A(_..JI-ICA.CL.J .
M - ST -~~~ 1,-‘0 P -..,’., .,',‘, . tOl"
- el - t.lWl . en JiLes Dty TCliLilsg Lilsiw . N
.
S
. T P Cmldant R T 1 Y e Yo daer ¢
- e - LL" . ?._, e S :-)\-'_,u-L:'.L.CS -.-.O'i.'xlx.u‘li. G.;C gdLevi Ly
- . .
. - 2 . - - o e et e ..
VLo O WLail. tes ‘)L'\,:(:--.L:'J..:, .. ::S{EQCO
.y - - I T N T R T T . 3, A
ce T T tyu= Llootosiso Ui gruvistive Jooveats ol d liomo0logn-
110- co::t oo cbdme fie e ! B R e R Lo
L 1 s0 QsSOrLles &CgS CSSil Ll—&ulz_) SLveiiucs 2
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1 - Engagemnent a respecter la Réglemcitation phytosanitairve em
vigreur et, notamient, a ne faire usage que de produits régulie-

rement cliorisds i la cormercialisct ion.

2 - Elimination de tout visque de coirtamination par les Pesticides
destinés a la cousrercialisation pendant le transport de ces der-

nierse.

3 = Engagement de se metive sur le mnarché, sous le nowm Coumiercial
lindiqué, qu'ime spécialité définie par :

-.

- son noir Coititrcial
- Le nowm du diteateur de la margue
- Le numdro d'autorisation ou c'liomologation délivré par

le Comité
- La composition cde la spécialité

JRATICLE 18.- Lérsqu'um produit fait. 1'objet d"wi1 retrait ou o':m;

refus cde rveiouvellement d'autorisation:PraviSoife cde vente ou
d'liomologation poiw des considérations autres que celles de Santé
_Publique -ou animale, d'enviroimctiens ou de toxicité a 1' égard <es
cultures, la uise sur le marchsé ce ce produit et sa distribution
doivent cesser deux (2) ens cprés la date de notificotion de re-
trait ou du refus ce remouvellcuent,

Si le vetrait ou le refus ae venouvellement oo procuit est
justiiicé par ces considérations ie Saité Publigre ou Aniunale,
d'envirointenient ou cde toxicité & l'égard des cultures, la mis<
sur le wmarché ainsi que toute distvibution doivent cesscr immddi

atewent aprés la otification ¢ la dicision.,

kS INFRACTIONS ET DES PENALITES

AMTICLE 29.- En ¢ .poiticaiion o 1'avticle 124 cde la loi n°L/¢0=/Cz6/

T it 6 Aot 105:, les “geiits chavrsss de U'epplication e ledit
Loi ci o ses texiis J'coilic:tion gont wumis d'wiic corte ¢ Scr-
vice qu'ils doiviat prisciler daits le cadre e 1'excrcice de loite
foitctios: e contvllc.

La carte doit €irc restituie & la cessation Je Fonction.
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ZARTICLE 20.- En application de 1’Article 14 de la Loi L/92/028/C7R:

du 6 Aoft 1002, toute infraction aux dispositions de la Loi et a
ses textes d'application est constatés par un procés verbal redigé

en trois (3) exemplaires.

"ARTICLE 212.- En apilication de l'article 125 de la loi L/92/088/CTRN
du é‘Aont.1992, les agents remettent un recépissé cn cds de saisie

ou de prélévement o'échantillon.

ARTICLE 22.- Toute infraction aux articles 13 et 15, notamiment la

vente ou la distritution de produits non hownologués ou non autori-
sés; en vrac, périucs, falsifiés et 1'usage d'emballage ou d'éti-
quettes non conforimes aux wodéles autorisés emiraine la saisi i~
médiate des stocks en cause sans préjudice des autres sanctions
prévites par le code pénale.

g

ARTICLE z3.- Touic infractici. - articles 24, 17 et 28 constatde

entraiie la fermet:we ce I'ztculissement ou la saisie des véliicule:
concerités sains pré;idice es autres sanctions aaministvatives et

L]
Pqulcs prdvies par les tentes e vigueur.

ARTICLE '24.- Toute autre infraction au présent Bécrvet est passisle

desipeiiics prévues par le rdéglementation en vigueur.

CisPOSITIONS FINALES

YT -

ARTICLE z5.- Le iii:iztrve dc 1'Agricultire et des Ressouvces Ani-

males ex collaborc:ioii aves tous les Départeunents colncevités cst

.
e ) mae ved  em e
Ll am Jrestiit Odcret.

[}
-

chaergés de 1'cxécu

ARTICLE z4.- Le prdsent Zicvet qui abroge toutes disposiliciis
contrcivrc sera enocoistrs ol puilié au Journal Officiel ac la

Répuolique de Suinee./ .-

gc FARS b

'
H
.
!
]
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ANNEX D

TERMITE (ISOPTERA) CONTROL IN AGRICULTURE
AND FORESTRY BY NON-CHEMICAL METHODS: A REVIEW
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. Buﬁ’elin of Entomological Research (1990) 80, 309-330 31, v g

Termite (Isoptera) control in agriculture
and forestry by non-chemical methods:
a review

James W.M. Logan, Robert H. Cowie and T.G. Wood
Natural Resources Institute, Chatham Maritime, Kent, UK

Abstract

Non-chemical control of termites in agriculture and forestry is attracting
renewed interest following increasing restrictions on the use of persistent or-
ganochlorine (cyclodiene) insecticides. Non-chemical control involves
methods which attempt, without using commercial pesticides, to (i) prevent
termite access to the plants, (ii) reduce termite numbers in the vicinity of the
plants or (iii) reduce susceptibility/increase resistance of the plants them-
selves. There haVe been few adeqyate trials of any of these methods. Numer-
ous cultural procedures have been suggested, including measures to enhance
plant vigour, to manipulate termite numbers and behaviour, and others whose
- mode of action is unclear. Many are simply part of good agricultural/

silvicultural practice and to be recommended. Biological control by predators
or pathogens is unlikely to be successful due to the termites’ social structure
and behavioural responses to infected individuals and to loss of individuals to
predators. The use of ‘natural’ insecticides from locally available plant prod-
ucts may be effective in some cases but, as they are not subject to the same
rigorous safety and environmental evaluation as commercial pesticides, their
use cannot be sanctioned unconditionally. Other locally available products,
e.g. wood ash, have not been adequateély evaluated. Removal of reproductives
from the nest and construction of physical barriers may have limited applica-
tions, but resistant cpecies and varieties, combined with appropriate cultural
methods and, perhaps, minimal use of modern pesticides in an integrated ap-
proach, offer the greatest potential for a long term solution. The lack of critical
scientific evaluation of non-chemical control makes it a field wide open for
research. .

Introduction

Termite attack on field and tree crops and on forestry
trees, especially in the semi-arid and sub-humid tropics,
causes significant yield losses (Harris, 1971; Johnson et
al., 1981; Waod et al., 1980a) and is often a major con-
straint on reforestation (Cowie et al., 1989). Control in
agriculture and forestry has relied almost exclusively on
persistent organochlorine (cyclodiene) insecticides since
their development in the 1940's (Harris, 1971; Sands,

Correspondence: Mr J.W.M. Logan, Natural Resources Institute,
Central Avenue, Chatham Maritime, Chatham, Kent ME4 4TB,

Site oz i . . —_= a2 e

1973a, 1977; Sen-Sarma, 1986). These chemicals, when
placed as a barrier in the soil (e.g. seed dressing, planting
hole or furrow treatments), can provide protection
throughout the growing season for annual crops or
longer for perennial and tree crops and forestry. Prior to
the use of cyclodienes, highly toxic*chemicals such as
Paris Green and arsenates were used (Beeson, 1941;
Harris 1971). Increasing concern over damage to human
health and the environment has now resulted in the
banning or severe restriction of cyclodienes in many
countries. Research to develop alternative chemical
methods has centered on newer, less persistent insecti-
cides (Wood ¢! al., 1987), controlled release formulations
of non-persistent_ insecticides (May, 1986) and baiting

7.
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techniques (El Bakni ef al., 1989; Logan & Abood,1950).
Only controlled release formulations have so far shown
significant potential in the field but they are not yet
widely registered and their current high cost would be
prohibitive for small scale rural farmers in developing
countries. Consequently, and because of increased envi-
ronmental awareness demanding reduction in the use of
commercial pesticides (Hansen, 1987), there is rencwed
interest in non-chemical control of termites. In this
review we include the use of locally produced plant de-
rivatives, defining non-chemical control as those meas-

ures which do not use commerdially produced:

pesticides.

Published information on non-chemical control is
widely scattered in the lite:ature, much of it anecdotal.
There have been few adequate trials and there are
conflicting views on the efficacy of the various tech-
niques, which are often based on long established local
practice (Cowie et al., 1989; Epila & Ruyooka, 1988;
Malaka, 1972; Malaret & Ngoru, 1989; Stoll, 1986; Wardell,
1987). This review brings together much of this informa-
tion and assesses the potential of the various methods.

Termite diversity

Of the approximately 2500 species in the order Isop-
tera, about 300, spread across all families, have been re-

corded as pests fincluding those damaging buildings).

However, mcasures to control them frequently ignore
. the diversity in ecology and behaviour manifested by the

- group. It would be unthinkable to consider control of,.

say, all Lepidoptera in such a way, yet ‘termite control’ is
often considered by non termite specialists as if a single

pest were to be dealt with. A basic understanding of -

termite diversity and biology is a prerequisiste for ade-
quate pest management. Appropriate background is
available in a number of general texts (Grassé, 1982,
1984, 1986; Harris, 1971; Krishna & Weesner, 1969, 1970;
Lee & Wood, 1971), but the essential relevant informa-
tion is summarised here. ’

Termites are social insects living in colonies usually
comprising a reproductive pair (king and queen) and nu-
merous sterile workers and soldiers whose tasks include
foraging, nest building and maintenance, care of eggs
and young, and defence. All species maintain symbiotic
relationships with micro-organisms which are essential
to digestion (see below). Few species buiid the often spec-
tacular mounds for which these insects arc renowned.
There are major differences in distribution, biology and
pest status among the seven conventionally recognized
families; these are outlined below. The seven families are
subdivided to include 15 subfamilies as follows:

Mastotermitidae .
Kalotermitidae

Termopsidae
Termopsinae
Porotermitinae

- Stolotermitinae .

Hodotermitidae - -
Cretatermitinac (fossil)
Hodotermitinae

Rhinotermitidae
Psammotermitinae
Helerotermitinae
Stylotermitinae
Coptotermitinae
Termitogetoninae
Rhinotermitinae

Serritermitidae

Termitidae
Termitinae
Apicotermitinae
Nasutitermitinae
Macrotermitinae

The Mastotermitidae contain only a single extant
species, Maslolermes darwiniensis Froggatt, confined to
northern Australia and New Guinea. It lives in subterra-
nean colonies, often associated with wood, and is locally
a pest in sugarcane and forestry (Sands, 1973b). More se-
riously, it can cause dramatic damage to buildings.

The Kalotermitidae, commonly krown as dry-wood
termites, are generally scarce but widely distributed
especially in coastal and other humid regions in the
tropics. They live in small colonies of a few hundred to a
few thousand individuals, which excavate in wood
(usually dead), generally maintaining no contact with
the soil as a moisture source or dispersal medium. Some
species, notably Cryplotermes brevis (Walker), cause
serious damage to buildings, but in agriculture and for-
esty they are relatively minor pests, with significant

damage ¢ fined, in general, to the humid tropicsand to -
" cerfain ... and bush crops (e.g. tea), in which excava-

tions in dead branches may extend into living wood
(Sands, 1973a, 1973b). :

The Termopsidae, a small family of termites living in
damp, rotten wood, partially or wholly buried under-
ground, have a scattered, essentially temperate distribu-
tion and are rarely pests.

The Hodotermitidae (harvester termites) are locally
distributed in dry and semi-desert parts of the Old
World. They build subterranean nests and forage in the
open, predominantly on grass and grass litter. They
damage pasture (Coaton, 1954; Nel & Hewitt, 1969) but
may only be serious pests where there is excessive
grazing by stock (Lee & Wood, 1971; Sands, 1977). They
may occasionally damage crops (Sands, 1973a, 1973b).

The Rhinotermitidae include some widespread and
fcequently common termites. They generally nest under-
ground, often associated with dead wood. Some species
build mounds. Two genera, Reticulitermes and Copto-
lermes, include important building-damaging species.
Coptotermes spp. are major pests of mature forestry trees
and tree crops, particularly in Australia and south-east
Asia, often attacking trees through the roots deep in the
ground and eventually excavating the trunk (Cowie, ef
al., 1989). :

The Serritermitidae contains a single South American
species which is not a pest. - -

The above six families, known as ‘lower termites’, are

largely wood-feeders and their symbiotic intestinal mi----
crobiota is dominated by cellulolytic protozoa (compris- -

ing up to one third of the total body weight) and
considerable numbers of facultative and obligate anaero-

D-2.
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bic bacteria, The remaining family, Termitidae, known as
‘higher termites’, lack the cellulolytic protozoa and, with

species, divided among four subfamilies.

Termitinae are the most diverse and widespread sub-
family of the Termitidae, Most have subterranean nests
or nest in wood and are either dead wood or soil and/or
dung feeders; some construct small mounds. Although
many species cause minor damage to trees or buildings,

The Apicotermitinae build diffuse subterranean nests
and are often found in the mounds of other species. They
are frequently encountered around crop roots but, since
they are almost exclusively soil feeders, do not cause any
damage.

The Nasutitermitinae have characteristic soldiers
with heads extended anteriorly into a tube which se-
Cretes or squirts a sticky defensive repellent. They feed
on dead grass, leaves ¢r woody material, and some build
mounds (Araujo, 1970; Sands, 1961, 1965). With some ex-
ceptions, particularly in South America, they are of
minor economic importance (Sands, 1973a, 1973b).

The Macrotermitinae, fungus-growers, are widely
distributed throughout the Old World except at high alti-
tudes and in desert areas. They maintain an obligate exo-
symbiosis with the fungus Termitomyces spp. which they
cultivate within the nest on fungus ‘combs’ constructed
from faecal material (Martin, 1987; Wood & Thomas,
1989). The fungus is cellulolytic and is responsible for ex-
ternal ‘digestion’, while there are also bacteria and proto-
z0a in the gut which may or may not be symbiotic, They
are the commonest termites of Africa and a major com-
ponent of the Asian and Oriental faunas. Most feed on
dead plant materia] but some also feed on living plants,
causing serious and widespread damage, particularly in
semi-arid Africa and Indja, They attack a wide range of
crops (Sands, 1973a, 1973b, 1977) and are major pests of
exotic forestry (Cowie et al., 1989). Those most frequently
causing damage belong to the genera Macrotermes, Micro-
termes and to a lesser extent Odontotermes and Ancistro-
lermes in Africa, and predominantly to Microtermes and
Odontotermes in the Indian subcontinent. These genera
differ characteristically in their biology and mode of
attack. Macrotermes Spp. build large epigeal nests
(mounds) from which they forage outwards for distances
up to 50 m in galleries/runways either just below or on
the soil surface (Darlington, 1982a). They attack plants at
the base of the stem, ring-barking or cutting them
through completely (Cowie & Wood, 1989; Sands,
1973a). Odontotermes spp. build both subterranean and,
especially in India, epigeal nests. Damage is due to either
foraging ‘under soj] sheeting on the outer surface of the
Plants, ‘sometimes leading to severence of the stem
(Cowie & Wood, 1989; Sands, 1973a), or attack on the
roots (Mitchell ef al., 1987; Nair & Varma, 1985). Micro-
termes spp. and Ancistrotermes spp. have diffuse subterra-
nean nests (Wood & Johnson, 1978) and attack plants
from below ground by ehtering the root system and tun.-
nelling up ‘into the stem, hollowing it out and frequently -

filling it with soil (Cowie & Wood, 1989; Sands, 1973a,
1973b; Wood ¢! al., 1987). These characteristic modes of
attack grade into each other and one genus may adopt
more than one of them. Within a genus, different species
may be more or less important as pests,

Principles of Damage and Control

A number of generalizations can be made about se-
verity of attack. In general, attack s more severe on in-
troduced or exotic Plant species or varieties than on
indigenous or local ones, presumably because the latter
have evolved some level of resistance. Attack is more
Severe on stressed than unstressed plants, stress being
due to disease, Physical damage, lack of or too much
water, etc. Crops planted in Jowland areas are more
likely to be attacked than those in highland arcas, simply
because termite distributions are often limited by alti-
tude. In general, with some notable exceptions, termites

The first principle of control s to decide whether
control is both desirable and economically feasible
(Cowie et al,, 1989; Hom, 1988). For the latter, yield loss
estimates are essential but have been assessed in detail
only rarely (Johnson et al, 1981; Wood et al,, 1980a);
damage levels may be only poor indicators of ultimate
yield loss (Wood & Cowie, 1988), For instance, in maize,
compensatory growth by surviving plants following
early season attack, harvest of cobs on the ground from
Plants lodged late in the season, and damage to vegeta-
tive parts occurring after cob formation will result collec-
tively in over-estimates of vield loss if they are based
only on attack or damage scores.

Control measures differ depending on the type of ter-
mites involved. Conventionally, damage to plants by
subterranean termites has been prevented by persistent
insecticidal barriers in the soi] around the roots, prevent-
ing termite accers to the crop/tree; mound-building ter- )
mites can be controlled to a limited extent by destroying
or poisoning the mcund and/or queer; and dry-wood
termites, although considerably less important, have
proved extremely difficult to contro) chemically but a
combination of cultural and chemical contro] may be ef-
fective against them in some instances (Cowie et al,, 1989;
- Control measures can be

mites. Non-chemical techniques include a range of cul-
tural procedures, biological control, queen removal, use
of resistant crops/trees and a number of other measures
and fall into all three categorjes.

Cultural meihods

.Healthy plants may sometimes be damaged by ter-
mites, but unhealthy, stressed plants are generally more
susceptible (Cowie et al;; 1989; Sands; 1973a, 1973b, 1977;
Sen-Sarma, 1986). Drought, disease, weeds, lack of ferti-
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lizer, transplant shock, mechanical and fire damage and
general neglect inay all increase the likelihood of attack
(Abd el Nour, 1975; Brown, 1962; Coaton, 1950; Harmis,
1971; Kashyap et al., 1984; Logan & EI Bakn, 1990;
Mercer, 1978; Misari & Raheja, 1976; Nair & Varma, 1985;
Ripper & George, 1965). Crops and trees are increasingly

lanted on marginal land, resulting in greater stress and

gencc liability to attack (Sands, 1577; Wessels, 1984). Cul-.

tural control therefore includes those procedures whir'.
help to maintain or enhance plant vigour and vrhich
generally are good agricultural/silvicultural practice.
Other cultural procedures aim to reduce termite
numbers or modify their behaviour. In some cases, these
are also part of geod standard practice. Various other
techniques and procedures have been noticed as
influencing termite attack but the underlying reasons can
only be guessed at.

Maintenance of plant vigour

Good quality seed, healthy seedlings, appropriate trans-
.planting procedure. Cood quality seed is more likely to
roduce healthy plants. Sound nursery practice followed
“selection of vigorously growing seedlings should
ensure that only healthy stock is planted out; careful
handling and planting may also be important (Beeson,
1941; Brown, 1962; Harris, 1971; Snyder, 1926; Wardell,
1987). In Uganda, for instance, tea seedlings planted with
the tap root bent suffered greater damage than. those
planted correctly (Harris, 1971). The use in forestry of
p:tlg'ﬂ\ene planting tubes, which keep the root ball to-

er and moist until planting out, reduced planting . .

shock and consequent susceptibility to termites (Harris,
1971). .

Water stress. Levels of rainfall and irrigation may be
related to termite attack on plants because (i) levels of
termite foraging activity are frequently related to soil
moisture levels, and, more importantly, (ii) deficiency or
excess of water may stress plants and encourage attack.
In India, termite attack on tea is greater during the
rainy season (Srivastava & Butani, 1987) and attack on
maize and groundnuts was greater in parts of experimen-
tal fields with higher soil moisture levels where termite
foraging activity was greater (Reddy & Sammaiah, 1938).
Fuller (1912) found that ‘mild’ watering of fruit trees in
the dry season in South Africa stimulated foraging and
led to increased termite attack. Limiting the water supply
may be of value in specific cases but an adequate supply
to maintain plant vigour is nevertheless essential. Termite
attack on Eucalyptus spp. has been shown, in Senegal, to

be negatively correlated with sap pressure (Gueye & .

Lepage, 1988). In general, attack on crops and trees, e.g.
Eucalyptus spp., cotton and groundnuts in Africa, is

eater in drier areas and during dry periods. Overall
annual rainfall is important but the temporal distribution
of rainfall through the growing season may be more
significant (Abd el Nour, 1975; Brown, 1962; johnson ¢t
al., 1981; Pearson, 1958; Ripper & George, 1965).
However, attack on Eucalyptus spp. was considered by

Nair & Varm.a (1981:°1985) to be unrelated-to rainfall. ..
Other factors, for instance differences among termite -

species in moisture-related foraging patterns (Roonwal,
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1979, p. 29), may be more significant in some regions.

Various measures may reduce attack in circumstanc-
es where plants are subject to water stress. Watering of
nursery stock just prior to planting out provides an im-
mediate supply of water in the event of an unexpected
dry period and ensures cohesion of the soil-root ball.
Planting at the correct time so that crops/trees are not
subject to drought also helps to ensure plant vigour
(Harris, 1971; Wardell, 1987). In rainfed crops and for-
estry, small-scale water trapping techniques to channel
and retain water (Greenfield, 1989; Moldenhauer &
Hudson, 1988) may help reduce attack. Burying water-
filled earthenware pitchers alongside trees has also been
suggested (Wardell, 1987). In Nigeria, Johnson ¢t al.
(1981) suggested the use of short season varieties of
groundnuts and early planting to avoid lack of rain
towards harvest.

In irrigated areas regular irrigation will limit periods
of water stress. Frequent irrigation may therefore reduce
attack (Fuller, 1912; Kumarasinghe & Ranasinghe, 1988),
for example, irrigated wheat in Ethiopia suffered greater
damage the longer the intervals between irrigation
(Cowie & Wood, 1989), and more frequent irrigation
reduced attack by Microtermes obesi Holmgren in experi-
ments on wheat in India (Verma, 1980). Lack of irrigation
has been suggested as one of a number of possible
factors influencirg levels of termite attack on date palms
in Sudan (Logan % El Bakri, 1990) and sugar cane in 5ri
Lanka (Kumarasinghe & Ranasinghe, 1988). The timing -
and amount of iirigation may be important. Heavy irri-
gation three. months before cotton sowing in Sudan stim-
ulated termite activity and resulted in increased rcot
damage but immigation at or just after sowing had no
effect on termite attack (Crowther & Barlow, 1943). Wa-
terlogging may weaken plants, enhancing their suscepti-
bility. Even distribution of irrigation throughout a crop
to ensure no areas remain dry or waterlogged is clearly.
also important and may necessitate careful levelling of
fields prior to planting (Kakde, 1985; Krishnamoorthy &
Ramasubbiah, 1962).

Crop rotation. Intensive cropping, especially monocrop-
ping, for long periods reduces soil fertility and structure.
Under such conditions crops will be less vigorous and
therefore more susceptible to attack. This has been sug-
gested as a factor influencing Hodotermes mossambicus
(Hagen) attack on cotton in southern Africa (Pearson,
1958) and may be a contributing factor to the high levels
of termite (Macrotermitin. *) damage to maize in western
Ethiopia (Cowie & Wooa, 1989). Crop rotation, espe-
cially including fallow periods, to reduce detrimental
effects on soil fertility and structure is, in principle, to be
recommended. However, under long-term cultivation
the build up of some termite species and the decrease of
others may well be more important: negative effects of
rotation (e.g. Crowther & Barlow, 1943) are probably not
related to effects on plant vigour but to fundamental
changes in the make-up of the termite fauna (see below).

Damage to plants, Both dry-wood and subterranean ter-
mites frequently gain access to living plant tissue in plan-

_tation crops and forestry trecs through wounds or fire

damage (Browne, 1968; Harris, 1969, 1971; Kashyap et al.”
1984; McCaw, 1984; Perry et al., 1985; Sands, 1977). In
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plantation crops many authors have recommended that
dead wood be removed and cut back to the living tissue
and pruning be carried out carefully with clean cuts and
in a manner to avoid dieback (Harris, 1971; Sands, 1977;
Sivapalan et al., 1977). Pruning cuts and accidental
wounds should be treated with paint or tar (Kashyap et
al., 1984) or perhaps with various plant gums (Beeson,
1941). Such procedures are labour-intensive; they may be
cost-effective in plantation crops such as tea but not in
forestry (Sen-Sarma, 1986). )

Chamsama & Hall (1987) showed that root pruning of
forestry seedlings in Tanzania, prior to transplanting
reduced planting shock, enhanced drought hardiness and
improved post-transplanting survival. Such treatment
may therefore lead to healthier plants more capable of
withstanding termite attack. However, poor root pruning,
leading to breaks, splits and bruises, may encourage
attack (Beeson, 1941), particularly if insufficient time is
allowed for healing before planting out (Wardell, 1987).

In Sudan, and elsewhere in Africa, cotton suffers
heavier termite aitack if the roots are damaged by care-
less thinning, cultivation (including hoeing) or fungal
disease (Pearson, 1958; Ripper & George, 1965). Similar

damage to tea also leads to increased attack (Harris,

1971). Often, termite attack and microbial infection are
seen together (Perry ef al., 1985; Ripper & George, 1965)
but'it is rarely clear which came first.

Weeding. Weeds competing with crops/trees, especially
young ones, for nutrients, light and water may lead to
stress and hence increased susceptibility to termite
attack. As suggested for forestry trees in Sudan by Abd
el Nour (1975), Abbas & Ahmad (1984) indicated high
levels of damage in neglected fields of various crops in
Pakistan; Ripper & George (1965) noted higher incidence
of termite attack on cotton in Sudan in areas where the
. sedge Cyperus rotundus was abundant. Hoeing or hand
weeding ‘may then be recommended although other
factors, both positive and negative, such as potential
damage to root systems (see above), effects on termite
numbers and activity (see below) and effects on soil
water evaporation and erosion may be mere important.
Parry (1959) indicated that clear-weeding of Eucalyptus
spp. led to increased termite attack during the first six
months but to subsequent heightened resistance. The ex-
planation for this was not clear.

Inorganic fertilizer. Fertilizers enhance plant vigour and
should therefore reduce susceptibility to termite attack.
Fuller (1912) reported that fertilizer (kainite) gave good
protection from termite attack on trees in Australia, but
there have been few subsequent studies specifically ad-
dressing this question and the little information available
indicates only minor effects or none at all (Barnett, 1986;
Brown, 1962; Crowther & Barlow, 1943). However, Si-
vapalan et al. (1977) showed that excessive use of nitroge-
nous fertilizer in tea encouraged fast growing soft tissue
particularly susceptible to attack by the dry-wood
termite Glyptotermes dilatatus (Bugnion & Popoff).

Manipulating termite numbers and behaviour

* Crop rotation. When natural vegetation is cleared and the-
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land cultivated, the nests of mound-building termite
species and those with shallow subterranean nests are
destroyed; and species dependent on trees and woody
litter eventually disappear. Species with deep subterra-
nean nests, and with the ability to survive on particular
living crops and crop residues, remain and increase
(Black & Wood, 1989; Koovman & Onck, 1987; Wood et
al., 1977). Crop rotation, and fallow periods, should
prevent the rapid build up of these species to high levels,
Tree crops (e.g. rubber) may not be seriously attacked by
termites dependent on wood for nests and food (e.g. Cop-
lotermes spp.) if planted on land previously used for
several years for annual non-woody crops (Harris, 1971;
Snyder, 1926). However, in a number of cases, rotation
seems to have led to greater levels of attack. Short-term
rotations led to higher attack than longer rotations in
cotton in Sudan (Tarr, 1960). Cotton in rotation following
lubia (hyacinth bean) or dura (sorghum) in Sudan suf-
fered heavier tap ront damage than when it followed
fallow, but this was considered probably due to the re-
maining crop residues from the previcus year allowing
build up of pest termites (see below) rather than due to
the direct’ effects of the rotation (Crowther & Barlow,
1943). Support for this suggestion came from the obser-
vation that there was less damage in continuous cotton
since residues, including roots (which were pulled up),
were burnt after harvest.

Inter-cropping. In some cases establishment of monocul-
ture forestry plantations can lead to a similar build up of
numbers of certain termite species (e.g. Coptotermes spp.
in south-east Asia) capable of surviving on the particular
tree, while less adaptable termite species disappear
(Sands, 1977; Tho, 1974). Under-planting with other tree
species has been suggested as a means of retaining the
range of termite species naturally present (Tho, 1974).
However, in single species stands of Eucalyptus spp.,
attack by Macrolermes sp. ceases after canopy closure;
and seedlings planted in an area in which Eucalyptus
spp. have been grown previously are not attacked (ICFR,
1986). These facts suggest that the damaging Macrotermes
ropulatiom disappear under mature monoculture Euca-
yptus plantations. In Australia, Nasutitermes exitiosus
(Hill) disappears when Pinus spp. are planted either as a
monoculture or 1ixed with Eucalyptus spp. although
Coptotermes lacteus (Froggatt) is unaffected (Lee & Wood,
1971).

Certain grasses are grown in West Africa to repel ter-
mites (see below) (Malaka, 1972; Sands, 1961) but other-
wise the effects of inter-cropping on termite damage in
field crops are unknown.

Crop residues and other organic matter. The addition or
removal of organic matter from the field have both been
suggested as methods of reducing levels of attack. Essen-
tially, the conflicting principles are (i) that removal of
residues and other debris from the field will reduce po-
tential termite food supplies and hence lead to a reduc-
tion in termite numbers and subsequent attack; and (ii)
that leaving residues in the field or addir ; further
organic matter will provide alternative food to which the-
termites will be attracted, thereby reducing levels of
attack. The respective counter-arguments are (i) that

- removal- of alternative- food sources - will“concentrate’
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termite activity on the crops/trees, leading to increased
damage; and (ii) that leaving residues and other food
sources in the field will provide extra resources and
allow termite populations to build up, again leading to
increased damage. This conflict of ideas has been recog-
niz ed for some time (Brown, 1962; Pearson, 1958). There
is vvidence supporting both views and a generalization
ma;' not be possible, different methods being appropri-
ate n different places with different termite species and
different crops/trees.

Many authors have recommended clearing and de-
struction of woody debris from new land before planting
forest or plantation crops in order to reduce subsequent
termite damage (Beeson, 1941; Harris, 1971; Sands, 1977;
Snyder, 1926; Srivastava & Butani, 1987; Tho, 1974;
Wood, 1968). In established plantations, the removal and
destruction of dead wood and, particularly, termite in-
fested trees is recommended as a control measure ( K. W.
Dammerman, quoted by Kashyap et al., 1984; Harris,
1971; Srivastava & Butani, 1987) and should be done
before the next rainy season to prevent release of large
numbers of alates (Kalshoven, 1954). These practices
should be effective for the control of dry-wood termites
(Kalotermitidae) and others such as Coplolermes spp., but
may be less successful for control of Macrotermitinae.
The former use the wood both as nest sites and as food
so clearing debris will remove existing colonies and most
potential nest sites. Leaving it allows the build up of
populations and encourages alate pairs to setile and
establish further colonies; when these food sources are

; exhausted, which can coincide with the maturation of ,

the plantation, heavy attack by an enhanced population
occurs (Sands, 1977). Macrotermitinae, on  the other
hand, build their nests in the soil and are not dependent
on wood for nest sites. Existing colonies and nest sites
are not then directly affected by removal of debris and,
since the termites can survive on the food stored in their
fungus combs when other food is not available (Wood &
Johnson, 1978), they may be able to persist for some time
following land clearance. Consequently, removal of
debris, e.g. by burning (Sudheendrakumar & Chacko,
1986), may not have a significant effect. In fact, Coaton
(1950) found that termite attack in frujt and forestry
Plantations was reduced to negligible levels, even in
areas with normally high levels of damage, by leaving
organic debris from land clearance and by cutting but
not removing weeds. Experience in forestry plantations
in Tanzania prompted Wardell (1987) to recommend
leaving as much debris as possible on the site after clear-
ing, to ring-weed rather than clear-weed young stands
and to use dried out stoloniferous and rhizomatous ma-
terial from planti ‘=~ holes as a mulch, Similarly, mulch-
ing crops with various items including hay, manure,
wood shavings or threshed maize cobs was said to dra-
matically redure attack by small species of Macrotermiti-
nae (Microtermvs spp., Ancistrotermes Spp., Allodontermes
Spp.) in South Africa, although it had much less effect on
attack by larger species (Macrotermes spp., Odontotermes
spp.) (Coaton, 1950). In Uganda, Dawkins (1949) found
that repeated mulching of tree nurseries with grass, over
a period of a year, greatly reduced termite, probably
t Macrotermitinae, foraging."Tree trunks, branches and
woody remnants are used in rice fields in the Philippines
and Sierra Leone to reduce termite attack (Litsinger et al.,

1978; Raymundo, 1986) and cuttings of the savanna tree
Vitex doniana, buried alongside cassava cuttings in
Uganda, attracted termites away from the cassava,
reduced termite attack on it and led to increased sprout-
ing (Epila & Ruyooka, 1988). Other authors, however,
suggest that thinnings and other debris left in the field in
areas where Macrotermitinae are the pest problem lead
to increased termite numbers and subsequent attack
(Beeson, 1941; Ripper & George, 1965). Clear!v, the type
of debris may be important; not all debris will be similar-
ly palatable to all termite species. The different seasonal
patterns of foraging of different termite species may also
be important. Furthermore, mulches have significant
effects on soil physical and chemical properties (Lal,
1987), espedcially “moisture availability, which may
influence both termite activity and plant growth.
Maintenance of high levels of organic matter in the
soil, as well as on the soil surface, may also have
significant effects ori damage. Undecomposed organic
matter in the soil, including ploughed in weeds, green
manure and c-op residues, has been considered a carse
of attack on cotton in Malawi and Sudan (Agricultural
Research Council of Malawi, 1971; Matthews, 1989;
Ripper & George, 1965) and maize in the USA (Snyder,
1926), although Coaton (1950) considered ploughing in
ﬁm manure or crop residues alleviated even severe
attack in South Africa. Wardell (1987) recommended use
of organic manures in Planting holes. Timing of manur-
ing may be critical; organic matter or green manures
applied immediately before sowing protected young
cotion plants in Sudan, possibly by providing an aiterna-
tive food source for the termites, but if applied earlier
(up to 2 years before sowing) resulted in increased
damage by allowing termite numbers to build up (Crow-
ther & Barlow, 1943). Again, the type of manure/mulch/

. debris will be important, depending on the preferences
of the local termite species, but the effects on plant

vigour (see above), resulting in heightened resistance to
attack, may be more significant.

Adjacent plants. An extension of the idea of providing al-
ternative food sources within the crop is to use other
Plants as trap hosts for infesting termites. Thus Sivapalan
et al. (1977, 1980) found that the presence of shade trees
around highly susceptible clones of tea in Sij Lanka was
correlated with reduced attack by the dry-wood termite
Glyptotermes dilatatus, which initiated colonies in the
shade trees but could not survive subseguently (see also
Sands, 1977). However, an analogous counter-argument
to that presented above for retaining organic debris sug-
gests that surrounding plants may instead act as a
further source of food or nest sites and lead to increased
termite . populations and higher levels of attack, as
implied by Smith (1985) in cocoa surrounded by shade
trees and attacked by Neotermes Sp. in Papua New
Guinea,

Weeding. Ripper & George (1965) indicated greater
damage to cotton in Sudan in fields in which Cuperus ro-
tundus was abundant (see above), Whether this was a

- . Tesult of the weed attracting termiites and/or providing a :

Plentiful source of food and allowing termite numbers to
build up, or a result of competition with the weed reduc-
ing cotton plant vigour (above), was unknown. In an
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analogous way to the clearing or otherwise of debris, etc.
(see above), the results of weeding would depend on the
baiance between these factors. Hoe-weeding would also
destroy some termite galleries (see below).

Breaking up termite galleries. Termite damage is not gener-
ally a problem in crops planted on deep cracking soils
because the frequent cracking prevents adequate build-
ing and maintenance of mounds, runways and galleries
(Lee & Wood, 1971). Artificial breaking up of the soil
may have a similar effect, reducing termite foraging ac-
tivity. Deep ploughing is common practice in India, at
least in part for this reason (Kakde, 1985), and a similar
practice has been recomraended in South Africa (Otto,
1951) and the USA (Snyder, 1926). Beeson (1941) suggest-
ed that repeated digging of forest nursery soil beds
would reduce termite attack. Regular cultivation around
plants to break up termite passages in the soil i. effective
against shallow-nesting species (Fuller, 1912) but may
only have a temporary effect (Coaton, 1950).

Other practices

High density sowing. Many farmers sow seed at a higher
rate than recommended in order to offset anticipated
losses due to termites; surviving plants may then be
thinned to the appropriate number (Crowther & Barlow,
1943; Harris, 1971; Matthews et al., 1972; Pearson, 1958;

Wardell, 1987; Wood & Cowie, 1988). Small gaps may be

filled by compensatory growth of unattacked plants
{Matthews et al., 1972; Wood & Cowie, 1988) but the fre-
quently patchy nature of termite attack may still lead to
some large areas losing all plants, and unless thinning is
" carried out rigorously, yieKi may be reduced by inter-
plant competition (Cowie et al.,, 1989; Pearson, 1958;
Wood & Covrie, 1988).

"Spacing. Widely-spaced cotton (Crowther & Barlow;
1943) and groundnuts (Mercer, 1978) are more liable to
attack but the reasons are not clear.

Time of harvesting. Crops are often more seriously
damaged towards harvest than earlier in the season
(Sands, 1977) although this depends on the species of
ter.nite involved (Wood & Cowie, 1988). Prompt harvest
may therefore reduce yield loss (Amin et al., 1985; Harris,
1971). Delays in harvesting can also lead to yield loss
through lodging (e.g. in maize and sunflower) or pod/
peg damage in groundnuts (El Amin et al., 1983; Harris,
1971; Wood et al., 1980a).

Biological control

Biological control aims to manipulate other organ-
isms (predators and pathogens/parasites) in an attempt
to reduce pest numbers to economically acceptable levels
(Homn, 1988). Termites are eaten by a wide range of ver-
tebrate and invertebrate predators whose natural
influence on termite numbers and population dynamics
is partially understood in a small number of cases (Wood
& Johnson, 1986). However, the natural role of their
pathogens and other associated non-symbiotic micro-.

.organisms is: largely obscure (Gassé, 1986; Wood &
Sands, 1978). .. — y o

Biological control can be effected in three ways: (i) by
introducing exotic natural enemies/pathogens to pests
of exotic origin—this is not applicable here as almost all
termite pests of agriculture and forestry are indigenous;
(ii) by enhancing the efiects of natural predators or path-
ogens by habitat modification or mass release; and (iii)
by the release of particular strains, for instance of insecti-
cide resistant predators or specifically toxic pathogens.’

Predators

The predation hazards confronting termites are enor-
mous. They are preyed upon by a wide range of preda-
tors, specialist or opportunistic. Attack is mainly upon
individuals outside the nest, foraging neuter casts or
alate reproductives leaving the nest to found new colo-
nies. Reviews are included in Araujo (1970), Deligne et al.
(1981), Grassé (1986), Hegh (1922), Krishna & Weesner
(1970), Snyder (1956, 1961, 1958) and Wood & Sands .
(1978).

Predation of alate reproductive colony-founding swarms. This
is entirely opportunistic since the alate flights are season-
al and short-lived and cannot provide a regular food
supply. Arthropod predators include scorpions, solpug-
ids, spiders, centipedes, dragonflies, cockroaches,

~ mantids, crickets, beetles, flies, ants and wasps (Wood &

Sands, 1978). It is likely that ants account for a significant
proportion of the probable near-100% mortality of
swarming alates. Even when pairs have successfully dug
into the soil they are liable to predation by several spe-
cialist predators (see below). Vertebrate predators of
alate swarms include fish, reptiles, amphibia, birds and
mammals including man (Hegh, 1922; Nutting, 1969;
Snyder, 1956, 1961, 1968). Of these, birds are the best doc-
umented. De Bont (1964) believed that survival of insec-
tivorous Palaearctic migrants may depend on flights of |
alate termites; some birds take 10-30% of some swarms
(Thiollay, 1970). High production of alates (30-170% of
standing crop biomass—Wood & Sands, 1978) is antici-
patory of large losses to predators and it is inconceivable
that predation on alates could be enhanced artificially to
influence levels of subsequent termite populations.

Opportunistic predation of foraging sterile castes. These
predators include all those groups which attack alates,
although the relative importance differs, birds being
much less important than ants. In Zambia, the main op-
portunist ant predators of surface foraging species of
Hodotermes, Trinervitermes and Macrotermitinae were
Myrmicaria eumenoides Gerstaecker and Pheidole megace-
phala Fabricius (Sheppe, 1970). Bouillon (1970) noted that
in South Africa the grass-harvesting Hodotermes spp. and
Microhodotermes spp. are attacked by Anoplolepis custodi-
ens (F. Smith) and Iridomyrmex humilis (Mayr), respective-
ly to such effect that foraging is limited to an hour or two
in any one location. Ohiagu & Wood (1976). observed
surface predation by Crematogaster sp. on grass-
harvesting Trinervitermes spp. Among vertebrate oppor-
tunists, birds and mammals are best documented. Mil-
stein (1964) recorded the bird, korhaans (Afrotis spp.)
with 1500-1900 Hodotermes workers in their stomachs
and Steyn (1967) found 5100 in one Guinea fowl. Smith-
ers (1971) found termites in the guts of over 15 species of -
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mammals in Botswana; over half the individuals of some
species had eaten termites.

Clearly, surface-foraging termites, such as harvester
termites which feed in the open, or those Macrotermiti-
nae which feed under thin surface sheets of soil or occa-
sionally in the open, suffer most from opportunistic
predation, whether this is by ants, birds or mammals.
There are no quantitative estimates of consumption on
which to base attempts to enhance predation, although
Beeson (1941) claimed that transplanting Solenopsis sp. to
nurseries of tree seedlings in India controlled termites.
Burying ‘gur’ (unrefined sugar) near trees to attract ants
which prey on termites has also been suggested (Anon.,
1898).

Specialized predation on foraging sterile castes. The more
constantly available food supply, represented by the
non-reproductive castes has led to the evolution of be-
havioural and morphological adaptations of predators
which exploit the two main concentrations of termite ac-
tivity, foraging parties and the brood centre (‘hive’). The
latter involves the need for excavation of protective nest
walls and both require resistance to defence mechanisms
of the termites. Hive predators tend to be nomadic since
their feeding is commonly destructive, whereas preda-
tors on foraging parties need the ability to harvest
rapidly a sufficient amount of food before the rest flees
underground, or aggressive or distasteful soldiers
become too numerous..

Specialized invertebrate predators of foraging ter-
mites seem to be confined to a few species of ponerine
and myrmicine ants. Emerson (1945) recorded raids by
Termilopone commutata (Roger) on foraging columns of
Syntermes spp. in south America where parties of over
100 ants carried off one or two termites each. The African
ponerine  Megaponera foetens (Fabricius) exclusively
preyed on foraging Macrotermitinae in Nigeria (Lor-
ghurst ¢t al., 1978), the main prey species being Macro-
termes bellicosus (Smeathman) (141 termites m3/yr) and
other species (52 m-2/yr). Predation on M. bellicosus was
equivalent to the standing crop population and 1/7th of
the total annual production (Collins, 1981). Decamorium
uelense (Santschi) preys on small termites which feed
inside their food sources of roots and plant debris (Lon-
ghurst et al., 1979); Microtermes Spp- comprised 99.5%
and were consumed at the rate of 632 termites m3/yr)
which is equivalent to 74% of the standing population
and approximately one-eighth of the total annual
production.

The aardwolf (Proteles cristatus) preys almost entirely
on Trinervitermes spp. (Kruuk & Sands, 1972). Wood &
Sands (1978) estimated that a modest Trinervitermes pop-
ulation would supply 20-50 times the annual metabolic
needs of a single aardwolf: enhancing aardwolf, and
indeed other vertebrate populations, to a level capable of
controlling termite numbers is, therefore, inconceivable.

Habitat modification in perennial crops (Majer, 1986)
has, in a few instances, effectively reduced pest ant pop-
ulations by increasing the favourability of the habitat for
predatory ants. A similar approach, or transplanting ant
nests to specific locations, could have two effects on ter-
mites: (i) reduction in numbers—this is unlikely.as loss
of neuter castes is rapidly counterad by increased egg
laying and social regulation of caste ratios; and (ii) reduc-

tion in foraging activity due to interference (sée Bouillon,
1970), a possibility perhaps worth exploring.

Specialized predation on colony brood centres. Specialized
predation by invertebrates on the hive has only been per-
fected on a large scale by the burrowing doryline ants.
These have subterranean raiding columns and appear to
bivouac in the nest systems of the termites on which they
prey. The reaction of termite colonies invaded by Dorylus
Spp- varies: Macrotermes spp. and Cubitermes spp. seem to
remain and fight to a finish, while Trinervitermes Spp.,
Pseudacanthotermes spp. and some soldierless genera such
as Alyscotermes may leave and migrate to the surface
where the ants rarely follow. Bodot (1961, 1967) noted
that approximately 26% of M. bellicosus nests were at-
tacked each year by dorylines in the Ivory Coast. In envi-
ronments disturbed by clearing for cultivation, these
attacks resulted in extinction, which could reflect the
lowered vitality of the termite colonies resulting from
food shortage. In contrast, in a stable environment in
East Africa where most colonies of Macrotermes michaelse-
ni (SiSstedt) were mature, although 80% of colony mor-
tality was caused by dorylines, it only amounted to a few
per cent annually. Recolonization of areas artificially
cleared of mounds, or following natural high mortality,
is rapid (Darlington, 1982b; Pomeroy, 1983). :
Specialized vertebrate predators of the hive are all
mammalian, with typical ‘ant-eater’ adaptations. They
include pangolins in Africa and India, the aardvark of

Africa, the armadillo in Texas, ant-eaters in South .

America, the sloth bear in India and the numbat and
echidna in Australia (Wood & Sands, 1978).

There are no quantitative data on the consumption of
termites by colony-raiding predators on which to at-
tempts to enhance predation. :

Pathogens

The distinction between naturally occurring microbi-

al symbionts, commensals, parasites and pathogens, in-
cluding bacteria, fungi, protozoans, ' viruses: znd
rematodes, is difficult without knowledge of the ecology
of the termites. Many of the micro-organisms that have

been found in association with termites (Grassé, 1986;.

Johnson & Gumel, 1981) are not significant pathogens
and hence not potentially useful as biological control
agents; some are obligate symbionts (Breznak, 1982:
O’Brien & Slaytor, 1982). Few proven pathogens have
been isolated from termites. Nevertheless, termites have
been considered as good candidates for pathogenic
control because they live in a conducive environment—
humid, crowded and intimate (Burges & Hussey, 1971,
P- 708). But despite the laboratory testing of hundreds of
known insect pathogens against termites (Lund, 1971),
few have been tested in the field and none has proved ef-
fective. Successful control may be unlikely in general
because of the well-known termite behaviour of isolating
infected colony members in walled off parts of the nest
(Logan & Abood, 1990; Pearce, 1987; Reese, 1971; Su et
al., 1982; Wood & Sands, 1978), thus preventing spread
of the pathogen through the colony. However, in some

- cases, termites may consime dead and diseased individ:~
uals and hence spread the disease through the colony

(Page, 1967), although in others they do not (Grassé,
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1986). Considerable problems in developing formula-
tions and application methods are likely (Sands, 1973b)
and decisions about appropriate strategies to adopt,
either stimulation of the endemic tendencies of natural
pathogens or introduction of artificial inocula (Ferron,
1978; Nickle, 1984), would be premature. Much back-
ground information is available in Burges (1981), Burges
& Hussey (1971) and Ferron (1978),

Viruses. Pathogenic virus-like particles have been isolat-
ed from termites (Gibbs et al., 1970) and the pathogenici-
ty to termites of nuclear polyhedrosis virus from the
moth Spodoptera littoralis Boisduval and of an iridovirus
from the mole cricket Scapteriscus borellii Giglio-Tos have
been experimentally demonstrated (Al Fazairy &
Hassan, 1988; Fowler, 1989). However, the potential of
viruses as control agents has not been further evaluated.

Bacteria. The mutualistic association between termites
and their dense and diverse bacterial gut flora (e.g. Yara
et al., 1989) is well-known (see above) but only rarely
have pathogenic bacteria been isolated from termites.
Khan et al., (1977a) isolated a naturally occurring termite
strain of Bacillus thuringiensis Berliner (Bt) from
Bifiditermes beesoni (Gardner) and demonstrated its pa-
thogenicity to other termite species. Other studies of Bt
-have demonstrated the pathogenicity to various termites
of commercially produced strains not derived from ter-
mites (Farghal et al., 1987; Khan et al., 1978, 1985; Smythe
& Coppel, 1965). It can be passed between individual ter-
mites by trophallaxis (Khan et al., 1981) and live termites
can pick up infection from treated cadavers (Farghal et
al., 1987). There are differences in susceptibility among
termite species (Farghal et al., 1987). However, only Kak-
aliyev & Saparliyev (1975) have assessed its efficacy in
the field, concluding that it held little promise as a
control agent. In general, Bt may not be a good candidate
for soil insect control because of its poor survival in the

* . soil (Burges, 1981i).

Various other bacteria, notably Serratia marcescens,
are pathogenic to a number of termite species and can be
transferred by trophallaxis (Khan et al., 1977b; Khan et
al., 1981; Lund, 1971). Page (1967) combined both B. thu-
riugiensis and other bacteria with fungi, suggesting a syn-
ergistic effect, but presented no field results.

Fungi. Biological control of incects with fungi has been
broadly reviewed by Ferron (1978) although with few
specific references to termites. Termites are natural hosts
for at least 20 species of obligate ectoparasitic fungi
(Blackwell & -Rossi, 1986), while many other fungal
species are associated more genetally with them (Grassé,
1986; Johnson & Gumel, 1981; Sands, 1969; Thomas,
1987a). The infectivity and pathogenicity of some of
these and other fungi has been demonstrated in the labo-
ratory (Bao & Yendol, 1971; Sands, 1959; Smythe &
Coppel, 1966; Yendol & Rosario, 1972) but their ecologi-
cal significance remains unknown (Grassé, 1986); they
are probably rarely encountered in the field at the labora-
tory concentrations tested. However, Hanel & Watson
(1983 and references therein) have attempted to control
Nasutitermes exitiosus (Hill), which damages forest trees

in_Australia, by. dusting/spraving. individual termites -
with Metarhizium anisopliac. Although the fungus spread ~
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through the colonv and survived for up to 13 weeks in
some cases, the results for colony mortality were uncon-
vincing. It is possible that either other micro-organisms
in the colony inhibit the fungus or the termites them-
selves produce a fungistatic secretion. Inhibition of
fungi, other than the obligate svmbiont Termitomyces spp.
in colonies of Macrotermitinae (fungus-growing ter-
mites), is well established, although the mechanism is
not clear (Thomas, 1987b; Wood & Thomas, 1989).

Protozoa. Protozoa are important symbionts of lower ter-
mites (Honigberg, 1970; Yamin, 1980) but reports of pro-
tozoan pathogens infecting termites are few (Jafri ef al.,
1976). They have not been considered as biological
control agents.

Nematodes. Nickle (1984) gives much general information
on nematode infection of insects and Poinar (1979) gives
basic ‘data on species with potential as pest control
agents, but neither author specifically mentions biologi-
cal control-of termites. Poinar (1975) listed the termite
species (13) in which natural nematode infections, fre-
quently due to Rhabditis spp., had been recorded. Nema-
todes enter their insect hosts both via natural openings
(mouth, anus, spiracles) and by active penetration of the
cuticle and intersegmental membranes (Bedding & Moly-
neux, 1982). Their pathogenic action is at least partly due
to infection of the insect by bacteria associated with the
nematodes (Danthanarayana & Vitarana, 1987; Fujii,
1975; Georgis et al., 1982). They have been tested against -

- a number of soil pests in the field but the results have not
. been consistent (Georgis & Poinar, 1983; Poinar, 1979); -
and although they have been commercially marketed in

the USA for prevention of subterranean termite damage
to buildings (Weidner, 1983), rigorous field trials involv-
ing application of high concentrations of nematodes to
the soil to act as a barrier to termites have not convine- .
ingly demonstrated their efficacy (Mix, 1985, 1986). Mix
(1985) indicated that termites were able to move through
treated soil, . while Epsky & Capinera (1988) suggested
that they could detect and avoid the treated area, readily
circumvent or find gaps in it and that protection only
lacted for two to three weeks. Efficacy probably depends
on precise temperature and humidity requirements and
on protection from sunlight (Gaugler & Boush, 1979;
Georgis & Hague, 1981; Mix, 1986; Schmiege, 1963).
These may be the main reasons why control of subterra-
nean termites with nematodes has not vet met with suc-
cesss despite the pathogenicity of the nematodes to the
termites.

In contrast, application of a suspension of Heterorhab-
ditis sp. to individual branches of lea bushes, infested
with the dry-wood termite Glyptotermes dilatatus in Sri
Lanka, suggested that infection could spread through the
colony and give effective and economic control (Dan-
thanarayana & Vitarana, 1987). However, control of dry-
wood termites in less valuable crops or in forestry trees,
by this time-consuming and labour-intensive method, is
unlikely to be appropriate or cost-effective.

Queen removal - _
Removal of the queen and/or destruction of the nest

‘have’ been_advocated frequently for ‘the “control of
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mound-building termites, especially the fungus-growing
Macrotermitinae (e.g. Dawkins, 1949; Kakde, 1985; Mac-
Gregor, 1950; Rajagopal, 1962). The nest is readily
identified and the royal chamber easy to locate.
However, if nymphs or alates are present at the time of
de-queening, replacement reproductives may develop
(Coaton, 1949; Darlington, 1985; Fuller, 1912; Sieber,
1985; Wilkinson, 1940), although this is frequently not
appreciated with regard to the Termitidae. However,
Wilkinson (1940) considered that, if the fungus combs as
well as the queen were removed, the colony did not
recover. Dawkins (1949) advised lighting a fire in the
mound after queen removal. Consequently, success of
the technique varies. However, foraging activity may be
reduced even if de-queened colonies do not die since
they remain inactive for 12-18 months until new queens
become established (Coaton, 1949). In addition, termite
colonies are totally subterranean for their first few years
and so, even if mature colonies are killed, immature colo-
nies are overlooked and may spread to take over the area
previously foraged by the de-queened colony (Cowie et

- al., 1989). Nevertheless, reduction in foraging activity
may be for a sufficient period to allow young trees to
become established or offer short term protection to
crops, but only in the rare cases where mound-building
species are the only serious termite pests.

Control of Coptotermes curvignathus Holmgren by
queen removal has been attempted, but reproductives of
lower termites are replaced even more readily than those
of higher termites (Wood, 1968); and in forestry it is
mature trees which are attacked, which would necessi-

- tate continuous destruction as mounds appear (Cowie et
al., 1989). : o

Plant insecticides, wood ash and other loxié/repelhnt
materials

Locally :vailable parts of plants, plant extracts and
other substances have frequently been claimed to be ef-
fective in termite control, although they have received
little rigorous assessment in the field.

Plant insecticides

A wide range of plants is toxic or repellent to insects
or have antifeedant properties (Harborne, 1988). Many
have been considered for use as insecticides (Ger.its &
van Latum, 1988; Stoll, 1986). Idealiy, plant insecticides
should come from readily available iocal plants or those
which are easy to grow, preferably on poor quality and
so that they do not compete with food or cash crops. The
active ingredient should be available with little or no
preparation and the plants should not develop. into
weeds or act as hosts for crop pests. In addition they
should have low toxicity to non-target organisms, esge-

cially beneficial insects and humans. .
Laboratory studies have identified a number of
Plants containing material toxic to termites. Most re-
search has concentrated on chemicals in timber which
confer resistance to, attack (see below). Many timbers
contain chemicals or complex mixtures of chemicals that

repel or kill termites or interfere with- their gut fauna.

) (Adam{. et al., 1988; Beal ct al, 1974; Carter & Mauldin,
1981; Lin & Wang, 1988; Rudman & Gay, 1967) but these

James W.M. Logan, Robert H. Cowie and T.5. Wood

chemicals are difficull to extract (Carter & de Camargo,
1963). Consequently, they are unlikely to be useful as in-
secticides in their own right, particularly as most of the
toxic chemicals in timber are avoided by termites except
in no-choice tests (Carter & de Camargo, 1983; Carter &
Smythe, 1974). However, waste sawdust or wood chips
from trees containing repellant chemicals may provide
some protection if incorporated into soil or used as a
mulch round crops or trses, but this has yet to be tested.

Herbaceous plants or the leaves and fruit of trees are
more likely to be effective; they are easily crushed and
usually can be used without complex extraction proce-
dures. Laboratory experiments have found numerous
materials repellant or toxic to termites in such plant ma-
terial (Table 1) but in very few of these studies was their
effectiveness tested in the field.

Nevertheless, there are many reports of plant materi-
als or extracts being used in the field (Table 1). Some
authors make recommendations on the basis of personal
experience; others report local practices which may or
may not be effective. The simplest method of application
is as a mulch. Several mulches using leaves or berries of
the plant or cil cake (the residue after oil such as neem or
castor has been extracted) are reported to be effective.
Whether this was due to toxic effects or to effects of the
mulch per se on soil physical and chemical properties
(Lal, 1967), which in turn affected plant vigour and sus-
ceptibility to termite attack, is unknown. Water extracts
of plants have been mixed with irrigation water, sprayed
on to plants or mixed with the soil o protect trees and

crops. Further details and references are given in Table 1. -

Beeson (1941) gave recipes for mixtures of plant ex-

attack on wound or fire damage in India. As the original

" tracts which prevented termite foraging cn trees and -

paper is difficult to obtain these are described here. .
‘Gambir mixture’ made from the leaves of Uncaria Sambir

" (Naucleaceae) or the dried aqueous extract of Acacia

catechu (Leguminosae) mixed with oil from Canarium
strictum (Burseraceae), Hopea sp. (Diptocarpaceae) or
Shorea sp. painted on wounds or fire damage to trees pre-
vents invasion by termites. ‘Gondal fluid’ (castor oil cake

mixed with plant extracts from Gardenia gummifera (or G. .

lucidia) (Rubiaceae), Ferula jaeschukeana (Umbelliferae)
and aloes (Agavaceae) (Agave vera, A. cantela or A. angus-
tifolia) and soaked for two weeks) painted round the base
of a tree gives protection against termite foraging for
about eight months. Giridhar ¢t al. (1988) showed that
Crlotrepis (Asclepiadaceae) latex protected wooden pegs
for four months.

Some grasses are actively avoided by termites
(Sands, 1961) and are planted by farmers to keep ter-
mites from farms and gardens in Nigeria (Malaka, 1972).

‘Wood ash and othcr. malerials

Wood ash heaped around the base of the trunk has
been recorded as preventing termite infestation of coffee
bushes (Khashyap ¢t al., 1984) and is said to repel them
from date palms (Popenoe, 1973). It is said also to be ef-
fective in protecting tree seedlings if mixed into forestry
nursery beds or applied as a layer below polythene

planting tubes (Beeson, 1941; C. Holding (CARE, Sudan)-
pers. comm.) and to protect stored yams, wooden posts '

and stacks of hay and maize straw (Jack, 1913; Malaka,
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Table 1. Plant species® reported to be toxic or repellent to termites.
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Plant Method/Use Country. Author .
ACANTHACEAE
Adhatoda vasica infusion used against termites India Secoy & Smith, 1983(A)
AGAVACEAE
Agave americana water extract (leaves) to protect paper India Dastur, 1954(TA)
Agave angustifolia (aloe)! water extract 2s paint for tree wounds India Beeson, 1941(TB)
Agave vera (aloe)' water extract as paint for tree wounds India Beeson, 194)(TB)
Agave cantela (aloe)! water extract as paint for tree wounds India Beeson, 1941(TB)
Sansevieria libericum water extract to protect crops Nigeria Malaka, 1972(TA)
ANACARDIACEAE .
Anacardium occidentale (cashew) seed oil/stem gum to protect timber ? Usher, 1974(TA)
ARALIACEAE
Hedera helix saponins in leaves inhibit feeding - Tschesche et al,, 197
ASCLEPIADACEAE )
Calotropis procera latex from stem to protect timber India Giridhar et al., 1988(
Sarcostemma acidum decoction with salt as termite repellent India Secoy & Smith 1983
Sarcostemma brevistigma plants/salt bag hung in irrigation water  India Mclndoo, 1945(A)
decoction with salt as termite repellent India - Secoy & Smith, 1983(A)
BURSERACEAE '
Boswellia dalzielli gum to protect wood ? Jacobson, 1975(TA)
Canarium strictum? gum from leaves to paint for tree wounds India Beeson, 1941(TB)
Commiphora africana water extract in tree nursery irrigation Malawi Wardell, 1987(A)
resin used as termite repellent W. Africa Jacobson, 1975(T)
CARICACEAE '
Carica papava (papaya) immature fruit juice toxic Yaga, 1973(L)
CARYOPHYLLACEAE .
Gypsophila paniculata saponins in roots inhibit feeding Tschesche et al., 1970{L)
COMPOSITAE . S
Chrysocoma tenuifolia oil from leaves/flowers toxic/repellent Hewitt & Nel, 196%(L)
Parthenium hysterophorus extract of leaves toxic , Tilak, 1977(L)
Tagetes minuta water extract in tree nursery irrigation Malawi = Wardell, 1987(A)
Tagetes sp. water extract in tree nursery irrigation Zimbabwe . Page, pers. comm.(A)
CONVOLVULACEAE ' :
Ipomoea fistulosa mulch to protect drying groundnuts India -CS. Gold, pers. commJ(E) °
CUPRESSACEAE .
Chamaecyparis formosensis ? ? Grainge & Ahmed, 1988(?)
Juniperus sp. extract of leaves toxic - Adams et al., 1988(L)
DIPTOCARPACEAE
Hopea sp2 oil used as paint for tree wounds . India Beeson, 1941(TB)
Shorea sp.? oil used as paint for tree wounds _India Beeson, 1941(TB)
EUPHORBIACEAE
Euphorbia tirucall planting hole to protect Eucalyptus Tanzania Wardell, 1987(B)
Euphorbia continifolia planted as repelient Africa Secoy & Smith, 1983(?)
Ricinus communis (castor) oil cake mulch in tree nursery India . Beeson, 1941(TB) °
oil cake as paint for tree wounds India Beeson, 1941(TB)
oil cake mulch in sugar cane fields India Anon., 1898(B)
FABACEAE ‘
Daniellia oliveri Africa Secoy & Smith, 1983(?)
GRAMINEAE
Cymbopogon citralus ? Sands, 1961(TA)
Cymbopogon schoenanihus Nigeria Malaka, 1972(TA)
Digitaria sp Nigeria Malzka, 1972(TA)
Pennisetum purpureum. . - Nigeria . - Malika, 19720A) ..
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Table 1. Continued
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Plant Method/Use Ceuntry Author
HIPPOCASTANACE, "
Assculus hippocastanyn saponins in fruit toxic; inhibit feeding - Tschesche ef al., 1970(L)
LABIATEAE .
Hyptis spicigera whole plant laid below stored millet W, Africa Dalziel, 1€37(T)
Ocimum bas.licum (basi water extract as seed dressing for yam Nigeria Malaka, 1972(TA)
Ocimum canum water extract in tree nursery irrigation Malawi Wardell, 1987(A)
Ocimum urticifolium water extract in tree nursery irrigation Malawi Wardell, 1987(A)
LEGUMINOSAE
Acacia catecing leaves/gum as paint for tree wounds India Beeson, 1941(TB)
Albizzia anthelmintica 5aponins in roots toxic, inhibit feeding - Tschesche ef al., 1970(L)
Cassia sizmcg leaf mulch in tree nu Kenya Wardell, 1957(21
Glyeyrrhiza glabra saponins in roots toxic, inhibit feeding - Tschescheeta’ (L)
Hardwickia mani; stem and branches toxic ? Grainge & Afu,..  1988(A)
Levcaena leucocephala leaf mulch in tree nu Kenya _ Wardell,1987(A)
Parkia clappertoniana waler extract to protect crops Nigeria Malaka, 1972(TA)
Pterocarpus erinaceus leaves used to protect millet granaries ? . Booth & Wickens, 1988(A)
Robinia pscudacacia wood shavings repellent ? Jacobson, 1975(1)
Swartzia madagascariensis powdered fruit toxic _ ? Jacobson, 1975(TA)
. powdered pods to protect stored grain Africa Drummond & Palgrave, 1973(TA)

LILIACEAE : ' S '
Aloe graminicola water extract for Eucalyptus irrigation Tanzania Wardell, 1957(B)
MELIACEAE
‘Azadirachta indica (neemm) oil cake mulch in Eucalyptus nursery India Beeson, 1941(TB)

leaf mulch in tree nu Kenya Wardell, 1987(A)

mulch to protect drying groundnuts India CS. Gold, pers. comm.(E)

seed extract (methanol) . - Jacobson, 1982(L)
Melia azedarach leaf/berry mulch/extract in tree n Kenya Wardell, 1987(A)

soil treatment with leaves protects wheat India - Mcindoo, 1945(E)
.. bark, seed, leaf and fruit extracts . - Lin & Wang, 1983(1)
MORACEAE -
Ficus carica $3p used to destroy termite mounds Africa Secoy & Smith, 1983(A)
NAUCLEACEAE )
Uncaria gampir leaves/gum as paint for tree wounds India Beeson, 1941(TB)
PALMAE
Elacis guineensis (oi} palm) oil from fruit as seed dressing, yam -Nigeria Malaka, 1972(TA)
PAPAVERACEAE
Argemone mexicana oil from seed Nigeria Dalziel, 1937(T); McIndoo, 1945(T)

juice from plant Nigeria Dalziel, 1937(T
PINACEAE
Pinus roxburgii needle extract repellent Zaheer et al,, 1987(L)
PRIMULACEAE
Cyclamen europacum saponins in tuber toxic, inhibit feeding Tschesche ef al., 1970(1)
Primula latior saponins in roots toxic, inhibit feeding Tschesche ef al., 1970(L)
ROSACEAE ~ ;
Quillaja saponaria saponins in bark inhibit feeding Tschesche ! al., 1970(L)
RUBIACEAE
Gardenia gummifera! water extract o protect trees India Tryon, 1903(T); Beeson, 1941 (Tt
Gardenia lucidiai water extract as paint for tree wounds India Beeson, 1941(TB)
SAPOTACEAE
Butyrospermum parkii water extract of kernels repeilant W.Africa  Dalziel, 1937(TA)
Chrysqphyllumr albidum __ fruit exocarp to protect crops . Nigeria = Malaka, 1972(TA)

‘D-12.
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Table 1. Continucd

Plant Method/Use

Country

Author
SCROPHULARIACEAE
Digitalis purpurea saponins in seeds toxic, inhibit feeding. - Tschesche et al., 1970{L)
saponins in seeds toxic

Digitalis lanata

- Tschesche et el., 1970(L)

SIMAROUBACEAE
Quassia indica water extract of leaves Indonesia Usher, 1974(TA)
SMILACACEAE
Smilax aristolochiaefoliu saponins in roots toxic, inhibit feeding - Tschesche et al., 1970(L)
SOLANACEAE
Nicotiana tabacum (tobacco) water extract in tree nursery irrigation India Beeson, 1941(TB)
water extract in crop irrigation India Roonwal, 197%(TB)
water extract in tree irrigation Zimbabwe  Jack, 1913(B)
dust to protect trees Zimbabwe  Jack, 1913(B)
Solanum spp. saponins inhibit feeding, some toxicity - Tschesche et al., 1970(L)
THEACL..E . )
Thea sinesis (tea) saponins in fruit toxic - . Tschesciie et al., 1970(L)
UMBELLIFERAE
Ferula laeschukeana? water extraci—tree band India Beeson, 1941(7B)
* Ferula assafoetida reduced attack on wheat India McIndoo, 1945(A)
VERBENACEAE .
Lippia javanica water extract in tree nursery Malawi Wardell, 1957(A)
Acorus calamus water extract to protect crops India Roonwal, 1979(B)
water extract to dip sugar cane setts India Butani, 1967(TE); Roonwal, 197%(B)
VITIDACEAE ' C
Cissus quadrangularis planted as termite repellent Africa Dalziel, 1937(D

*Plant names are those given by authors; family names from Willis (1973).
! mixed together to give Gondal fluid; *mixed together to make Gambir mixture,

?—information not given; T—traditional; L—laboratory study; E—formal experimental field trials;
A—reported to the author as effective, hearsay; B—reported by the author as effective, first hand knowledge.

1972). Use of wood ash is a common practice which
demands proper evaluation.

Nigerian farmers bury dead animals or fish viscera to
reduce termite attack but the rationale behind this is not
clear (Malaka, 1972). In India, water containing decom-
posed fisk, tobacco and salt, or the washings from a bear
skin (!).were reputed to keep termites from mango trees
(Anon., 1898). Kerosene, diesel and crude oil have been
recommended to prevent attack on timber and on tree
bark (Beeson 1941; Giridbar et al., 1988; Logan & El Bakyi,
1990; Malaka, 1972). The addition of crude, fuel or fish
oil emulsion to irrigation water is reputed to reduce
damage to tree seedlings and sugar cane (Beeson, 1941;
Butani, 1967; Rao, 1951; Roonwal, 1979). Snyder (1926)
recommended an emulsion of kerosene and fish oil soap
applied to a layer of sand or ashes under pots in horticul-
tural nurseiies in the USA. Coal tar, traditionally used to
protect the cut ends of sugar cane setts in India is ineffec-
tive as termites attack unprotected buds (Butani, 1967;
Rao, 1951) but, painted round the trunks of fruit trees, it
can- prevent foraging on bark and subsequent ring-
barking (Giridhar ¢t al., 1988; Jack, 1913) and applied to
pruning cuts prevents termite. access (Snyder, 1926).
Swathing the base of young trées in sheep dung or'a

mixture of cow dung and aloe juice, or burying soap'
near the roots, have been suggested (Fuller, 1912,

lant resistance

Resistance functions: either by inhibition of pest
attack or by the ability of plants to produce normal
yields despite attack (Horn, 1988). Generally, however,
the possibility of usirg termite resistant varieties or
species of crops and trees has been ignored. The ready
availability and high efficacy of organochlorine insecti-
cides has, until recently, obviated the need for research
on resistance. Even now, with the widespread concern
over the environmental effects of these compounds, most
..2arch focuses on the use of new and safer insecticides
rather than on the use of resistant species or varieties.

Resistant crops

In general crops showing resistance or toleranc- “re
indigenous while the susceptible crops are exotic. K. n-
stance, in Africa sorghum and millet are more resistant

to_termites.than maize (Cowie & Wood, 1989); and

‘cowpea”and bambara TutsTare not  attacked while
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groundnuts suffer scrious damage (Johnson et al., 1981).
Presumably indigenous crops have evolved defence
mechanisms against the local termite species. Neverthe-
less, some exotic plants, such as mango, avocado and
citrus in South Africa, are resistant to termites (Fuller,
1912). Where there are major losses to termites, resistant
crops could provide options by way of rotations or inter-
cropping but the over-riding factors are likely to be
socio-economic. Grafting susceptible fruit tree< on to root
stocks cf resistant species has been practiced successfully
(Fuller, 1912).

Cultivars of a particular crop may also differ in sus-
ceftibility (Amin et al., 1985; Johnson et al., 1981; Kumara-
singhe & Ranasinghe, 1988; Mercer, 1978; Parihar, 1985;
Singla et al., 1988). Amin et al. (1985) screened over 500
groundnut cultivars and found a wide range of resistance
to pod scarification by termites (0 to 44% pods scarified).
Mortality of groundnuts due to termites also varies
among cultivars (Mercer, 1978; Sithanantham, in press).
Variation in susceptibility between cultivars has also
been recorded for tea and sugarcane {Kumarasinghe &
Ranasinghe, 1988; Sands, 1976; Singla et al., 1988; Sivapa-
lan et al., 1977). Local varieties of groundnuts in Nigeria
and castor and cottor. in India, presumably selected by
farmers over many years, knowingly or otherwise, are
more resistant to termite attack than introdi:ced cultivars
(Johnson et al., 1983; Parihar, 1985; Roonwal, 1979).
Poorer quality, hybrid dat» paims in northern Sudan are
reported to be more resistant to termite attack than
named varieties (Logan & El Bakri, 1990). Variation in
susceptibility between cultivars has also been recorded
for tea (Sands, 1976; Sivapalan et al., 1977) and sugar cane
(Kumarasinghe & Ranasinghe, 1988; Singla et al., 1988).

Resistant forestry trees

There is far more information on resistance of trees to
termites, although few trials have been established
specifically to identify resistant species. Exceptions ave the
trials on a range of species by Mitchell ef al, (1986, 1587) in
Zimbabwe and Midgley & Weerawardane (1986) in Sri
Lanka and trials on Eucalyptus spp. and Leucaena cultivars
in India by Rajagopal (1982) and Chander et al. (1984), re-
spectively. Much of the information on tree resistance is
based on casual observation and is scattered through the
literature, often 2s minor comments in reports and papers.
In some cases neither the termite species nor the country
are given and the information therefore has only limited
usefulness (e.g. Webb et al., 1984).

On the other hand, there is a vast amount of informa-
tion on resistance of timber to attack by termites (e.g.
Bampton et al., 1966, Harris, 1971; Wigg, 1946). Although
this has some relevance to the susceptibility of the living
tree, changes in chemistry due to seasoning, drying and
ageing after felling may alter the timber's palatability to
termites (Jones, 1985; Ratcliffe & Cummins, 1939; Wigg,
1946). -

The degree of resistance depends on tree species, tree
provenance (the source of the seed), termite species and
the tree’s age and condition. In Africa, most indigenaus
trees are resistant to iermite attack and, although they

may be covered. in soil sheeting laid down by foraging -

termites, . atiack is limited to feeding on -dead bark
{Cowie ¢t a.I., 1989; Harris, 1955; Lee & Waood, 1971),

Generally, this is the case elsewhcre, allhough Copio-
termes spp., especially, cause substantial damage to in-
digenous trees in Malaysia ard several Australian
termites attack native Encalyptus spp. (Cowie et al., 1989;
Fox, 1974; Greaves, et al., 1967; Tho, 1982).

It is seldom possible to define a tree species as resist-
art. Trees resistant to one termite species may be suscep-
tible to others. In Australia, Eucalyptus marginata is
resistant to a range of termite species but is attacked by
Nasutitermes exitiosus (Hill), while Pinus Spp., susceptible
to many Australian termites, and Araucaria cunninghamii,
attacked by Coptotermes syp., are both resistant to Nasuti-
termes (Lee & Wood, 1971; Wood, 1978). Similarly, trees
recorded as resistant in one country may be susceptible
in ancther. Pinus spp. tend to be relatively resistant to
African termites (FAO, 1985; Wardell, 1987) but are ex-
tremely susceptible to those in Malaysia (Tho, 1974).

Some Eucalyptus and other exotic tree species in
Africa and India develop resistance to attack by Macro-
termitinae two to five years aftor transplanting to the
field (Cowie et al., 1989 and other references therein).
Conversely, many Eucalyptus spp. in Australia suffer no
attack from termites as saplings but are heavily attacked
when mature; they also become more susceptible at the
onset of senescence (Fox, 1974; Harris, 1971).

Mechanisms of resistance

Plant resistance has been classified as non-preference
(the insect does not feed on the plant); antibiosis (the

. Plant possesses physical or chemical characters that exert

a negative effect on pest survivorship; or tolerance (the
ability of the plant to withstand insect damage and to
continue io yield at productive levels). In addition,
Plants may exhibit pseudo-resistance (the plant passes
through susceptible stages quickly or while the pest pop-
ulations are low) or induced resistance (when resistance
is due to environmental conditions, rainfall, soil fertility
etc, (Painter, 1951)). Although there has been little re-
search into the mechanisms of plant resistance to ter-
mites in crops or trees there are indications that they are
very varied and involve all of the above categories.

Non-prefcrence. Termites appear to prefer soft material to
hard. Chemical analysis of pods of 21 groundnut cultivars
showed that resistance was inversely related to their
crude fibre, lignin and manganese contents. Resistance
was probably related to shell hardness (Rasheedunisa,
1986). The degree of attack by Glyptotermes dilatatus on dif-
ferent tea varieties was inversely related to the hardness
of the wood. Hardwood tea varieties are also less suscepti-
ble to pruning damage and die-back than softwood varie-
ties, resulting in more potential entry sites for termites
(Sands, 1976; Sivapalan ¢f al., 1977). In tre °s, resistance
may be due to the hardness of the timber or, more com-
monly, to chemicals in the wood which may be repellent
to thetermites (e.g. Rudman & Gay, 1967; Saeki et al., 1973;
Sivapalan et al., 1977; Williams, 1965), For instance, resis-
tance of Pinus sp. to Nasutitermes exitiosus in Australia
may be dué to pinenes in the timber, which are major con-
_stituents of th2 termites’ alarm .pheromones. (Moore, .
1965).—: o —— _ —. e DA :. e ...’.._ ‘ -‘:-- :

Antibiosis. Bald cypress contains chemicals toxic to the

75
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gut protozoa of Coprotermes tormosanus Shiraki {Waller &
La Fage. 1987).

Tolerance. Resistance of some Eucalypius seedhings was
believed to be due to an ability to tolerate considerable
termite damage to the roots rather than having mecha-
nisms to prevent attack. Similarly, increased resistance of
Eucalyptus to termite attack in Africa with age mayv be
due to tolerance induced by the greater volume of root
available (Brown, 1962).

Pseudo-resistance. In sugarcane (Singla ¢t al., 1988), where
termite attack was confined to the cuttings before sprout-
ing, resistance was associated with rapid germination
which reduced the time available for attack.

Induced resistance. Resistance, in relation to tree health
and vigour have been discussed above (see Cultural
control); the healthier the tree or crop the more likely it
will be that it can withstand attack. Drought stress, in
particular, reduces the resistance of plants to termites.

Physical barriers

Ebeling & Pence (1957) suggested the use of fine
mineral particles (sand or crushed volcanic cinders) as a
barrier to subterranean termites (Reticulitermes hesperus
Spencer). Limited testing suggests that it has some po-
tential (Ebeling & Forbes, 1988). Tamashiro et al. (19872,
1987b) have further developed the technique using basal-
tic particles against Coptotermes formosanus. The barrier is
impenetrable because the particles are too large and
heavy for the termites to carry away yet are small
enough so that in packing they create no continuous pas-
sages through which the termites can move. Particle size
is the crucial factor and must be between about 1.7 and
24 mm. The particles are also too hard for the termites to
chew through,

The technique may have potential as a preventijve
measure in control of subterranean termites in buildings
but its applications in agriculture and forestry are clearly
limited. A laver of sand under forestry or tree crop
nursery beds, for instance, might provide some protec-
tion. Germinating coconuts are said to be protected by
this method or by covering them with sand rather than .
soil (Harris, 1971; C. M. john quoted by Kashvap et al.,
1984). However, wider applications in the field are un-
likely, particularly if a range of termite species of widely
differing sizes (e.g. Macrotermes spp. and Microtermes
spp.) are involved,

Wardell (1987) suggasted that the plastic bag in
which seedling trees are grown in the nursery be re-
tained on transplanting to the field to act as a physical
barrier but this was felt unlikely to be effective by Cowie
et al. (1989), especially in view of the fact that termites are
capable of destroving much more durable plastic
(Edwards & Mill, 1986). The plastic may also restrict
lateral root growth, reducing tree stability (Brown, 1962).

Beeson (1941) suggested digging a deep trench
around tree nurseries. This may provide some protection
from species with large colonies and long surface or
near-surface foraging galleries (e.3. Macrotermes spp.)
but will not affect attack by species foraging from deep
in the soil below the nursery beds (e.g. Microtermes).
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Quarantine

A number of termite species have been introduced
accidentally to various countries where they have subse-
quentlv become pests. Notable examples are mainly
species damaging buildings such as Cryptotcrmes brevis
and Coptotermes formosanus but there are a few instances
(e.g. Brown, 1981) in which introduced termites have
caused major problems in agriculture or forestry. Legis-
lation (Anon., 1957) and strict quarantine procedures
(Wylie & Peters, 1987) have been implemented in order
to prevent further introductions or restrict spread of
infestations.

Discussion

Agronomists, field workers and other non-specialists
involved in ‘termite control’ are often not aware of the
major distinctions between dry-wood termites, subterra-
nean termites, mound-buitding termites, harvester ter-
mites, soil-feeding termites, surface-foraging termites,
etc., etc., despite such basic knowledge being crucial to
the design and success of control Mmeasures and even to
the initial evaluation of the need for control, Clearly, it
may not always be necessary to distinguish individual
species. For instance, the conventional but now unaccep-
table application of broad spectrum persistent organoch-
lorine insecticides as barriers in the soil preventing
termite access to crops, trees or buildings, is in general
equally effective against all subterranean termites. Non-
chemical control, however, will often demand greater
understanding of the biology of particular genera and
species. Resolving the debate over removal of debris,
crop residues, etc. or the addition of extra organic ma- -
terial in fields of crops and in tree Plantations depends
on basic knowledge of the termites’ population dynam-
ics, foraging patterns, preferred food sources and nest
sites. Use of resistant species and varieties of crops and
trees depends crucially on the match between the plant’s
resistance mechanisms and the local termites’ ability to
circumvent them, both of which have evolved differently
in different regions.

The lack of careful scientific evaluation of the many
suggested methods of non-chemical termite control
makes assessment of their ielative potential difficult.
Only rarely has a link between plant physiology and
termite damage been explicitly demonstrated (Gueye &
Lepage, 1988), although the frequently described correla-
tions between termite damage and factors presumed to
lead to plant stress are strongly suggestive. Many of the
cultural meusures discussed in this review are aimed at
reducing plant stress; they are therefore part of good agri-
cultural/silvicultural practice and so are always to be rec-
ommended. Other cultural measures depend on greater
knowledge of the local situation, including the biology of
the local termite species, and general recommendations
cannot be made. While the most widely applied conven-
tional techniques involving persistent insecticide barriers
in the s0il can often give almost complete protection, cul-
tural techniques seem unlikely to achieve this level of
success. Nevertheless, they generally cost little and if
they achieve some reduction in damage, particularly in
regions where more sophisticated measures are unavail-
able or too expensive, they should be implemented.

Ko
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Biological control has received httle attention and
seems unlikely to be generally successful. Manipulation
of predatars, either local or introduced, will have httle
effect if only foraging worker termutes are killed, while
the possibility of manipulating predators which seck. out
the king and queen seems remote. Many micro-
organisms arc pathogenic to termites, but few have re-
ceived more than cursory attention. This, combined with
the termites’ behavioural mechanisms for combatting in-
fection of the colony, means that successful and widely
applicable microbial control is a long way off.

It is widely believed that ‘natural’ plant-based pesti-
cides are invariably safer to humans, livestock and
beneficial insects and less environmentally damaging
than synthetic pesticides (Stoll, 1986). This may be so in
some cases but many of these substances (e.g. nicotine)
are highly toxic to Man and other non-target species. Py-
rethrum and derris are highly toxic to fish and shouid
not be used near water. Locally-produced plant based
pesticides seldom undergo the rigorous testing for toxic,
sub-lethal and environmental hazards which are re-
quired for synthetic commercial pesticides. Consequent-
ly great care is required in their use until these properties
have been assessed.

Most plant based insecticides break down rapidly in
the soil and so should not present long term environ-
mental problems. For the same reason, they do not give
the prolonged protection to crops and trees required to
control termite attack. Possible exceptions are Calotropis
procera latex anc' Gondal fluid (see above). Research into
the use cf plar ¢ extracts for termite control so far sug-
gests thai they may have considerable potential in pro-
viding a cheap locally available method of control.
However, much more requires to be dcne.

Queen removal and construction of physical bar-
riers may be worthwhile in specific cases. However, the
use of resistant species and varieties, now a -well estab-
lished concept in tropical agriculture and forestry, almost
certainly offers the most widely appropriate, non-
chemical, possibility of reducing losses uue to termites.
Termite resistant crop species are often already known
and should be promoted if other social and economic
constraints allow, but development or identification of
varieties resistant to termites has not received the atten-
tion it deserves. More is known of resistance of tree
species but insufficient acknowledgement of local and re-
gional differences has meant that much of the literature is
of little specific value. Identification of appropriate resist-
ant species/varieties demands that field trials be carried
out in the area to be planted to ensure that the trees are
resistant to the local termites, prior to large scale plant-
ing. Use of resistant planis requires no development or
implementiation of new techniques once the appropriate
species/variety is identified and seems especially suit-
able in developing countries where other methods are
difficult to justify economically (Horn, 1988). '

Recommendations to use any control measure must
take into account lacal socio-economic needs. For in-
stance, the increased labour involved in some simple cul-
tural measures, such as careful manual pruning of tea
(Sivapalan ¢t al., 1977) and removal of debris from for-
estry plantations (Wood, 1968) may not be cost-effective
or may take the initial cost bevand the reach of local
people. The timing of appropriate measures may coin-

cide with other demands for labour, preventing ade-
quate implementation of termite control.

implementation of control measures must also be en-
vironmentally sound. Techniques which reduce termite
numbers may well have detrimental effects on soil aera-
tion and water infiltration, with concomitant influences
on soil fertility, plant community structure and in some
cases may lead lo increased rates of soil erosion
(McMahan, 1986). But almost nothing is known of the
inter-relationships of these phenomena. If biological
control ever becomes possible, its implementation must
depend on the results of stringent assessments of its
wider effects. The use of locally available substances as
control agents must be carefully monitored since some
may be more dangerous than many commerdal
products.

Non-chemical control of termites is in its infancy but
is a field ripe for rigorous evaluation. The virtually com-
plete protection provided, at least from subterranean
termite attack, by the persistent organochlorines may
well be beyond our grasp. Current research on other in-
secticides and formulations may provide a partial solu-
tion to the problem ir: specific cases, but in the long term,
and with an aim to reduce dependency on insecticides
and to provide cheap, locally available alternatives for
small farmers/foresters, appropriate culrural methods,
combined with the harnessing of resistance and the
minimal use of modern or plant based insecticides and
formulations in an integrated approach, will provide the

_best answer.
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INITIAL ENVIRONMENTAL EXAMINATION
or
CATEGORICAL EXCLUSION

PROJECT COUNTRY: The Republic of Guinea (Conakry)

PROJECT & ..

ACTIVITY TITLE: Natural Resources Management Project (675-0219): Pesticide Use
and Pest’'Management Interventions

DURATION & FUNDING: FY(s) 1991 - 1995 US $ est. 50,000 max. (parent project

$ 12 milIion

IEE PREPARED BY: Walter I. Knausenberger, USAID/AFR/ARTS/FARA and Wayne
McDonald, USAID/REDSO/WCA

ENVIRONMENTAL ACTION RECOMMENDED:

Positive Determination

Negative Determination X
Categorical Exclusion
Deferral ' X

REVIEW OF PRECEDING IEE'S:

The Guinea Natural Resource Management Project (GNRMP) is an integrated rural
development activity designed to improve management of the natural resources
for profitable and sustainable agricultural production in three watersheds in
the Fouta Djallon Highlands of central Guinea. It is complementary to the
multi-donor Fouta Djallon Highlands Integrated Rural Development Project.

The original Initial Environmental Examination for the GNRMP recommended a
deferral for the project's technology transfer and applied research component
until specific activities had been identified, A categorical exclusion was
approved for the project's technical assistance, training, monitoring and
management components.

Based on the project's first year workplan, which identified 26 interventions
under three technology trunsfer components, a second IEE was completed for the
technology transfer and applied research component, which included all proposed
interventions except pest management. The present (third) Initial
Environmental Examine’ion is for the proposed pest management interventions.

SUMMARY OF FINDINGS:

In accordance with USAID Pesticide Procedures (22 CFR 216.3(b)), a risk-benefit
evaluation of the planned pesticide use under this project was conducted. This
IEE indicates that no potentially unreasonable risks arise from the limited
scale of pesticide use aniticpated. Thus, a Negative Determination with
conditions is recommended for pesticide use in pilot pest management projects
Lor the following four site/pest combinations:

- Termites in and around fields/gardens and in tree nurseries:
- diazinon (e.g., Basudine 60% EC, and/or Basudine 10% G
Granular formulation)
- chlorpyriphos (e.g., Dursban 5% G and 10% G)

-=  Stored product insects in consumption grains:
- pirimiphos-methyl (e.g. Actellic 2% G or 50% EC)
- cinlorpyriphos (e.g., Dursban ECs)
Seed treatment (destined for pPlanting only):
- thiophanate-methyl + thiram + diazinon (Super Homai 70% WP)

Variagate: grasshopper (Zonocerus variegatus) in irrigated and rain-fed
-horticultural plots: . . e T

- diazinon (e.q., Basudine 60% EC)

- chlorpyriphos (e.g., Dursban EC)
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The conditions which apply to this negative determination are that:

-- only national crop protection service and laboratory agents, and
trained GNRM project agents, are to store, handle and use the pesticides
provided;

-— the LPV staff will develop and follow treatment protocols which build
in a maximun practical range of alternative techniques aimed at minimizing the
need for pesticides;

~= LPV and GNRM staff will establish a simple but robust monitoring
process to keep track of the efficacy of the treatments and to identify and
mitigate any unexpected negative impacts (on non-target organisms and people)
which may be linked to the treatments.

-- USAID will encourage the development of appropriate applied IPM
research trials through its technology development grants;

-- no pesticide product will be made available directly to villagers;

-- the storage facilities in Labe be upgraded as described above, if they
are to be used for project chemicals; likewise, the storage facilities in the
cités shculd be brought up to the minimum standards; and

—= independent evaluation of the project activities!' implementation be
periodically assessed by a knowledgeable person(s) on no less than an annual

basis.

A_negative determination is recommended for applied research activities
designed to integrate chemical pesticides with non-chemical and other methods,
provided that the aggregate size of the trial plots remains under 4 hectares,
and all due precautions are taken to prevent untoward impacts of the

pesticides.

A deferral is recommended for any treatment strategies involving pesticides
against:

~= Orange fruitworm: too little is known about this species to recommend
particula; contrel approaches.

-~ Termite control in and around homes: The risks associated with pesticide
use around homes are much greater than in the case of the control of mounds in
external fields.

-~ Any other host/pest combinations where the need may exist,

A deferral is also recommended for any activities relating to systematic
training of villagers in pesticide use.

CLEARANCE :

Mission Director: DATE:
Wilbur Thomas -

Mission Environmental Officer: DATE:
S.K. Reddy

Regional Environmental Officer: DATE:
‘W. McDonald

CONCURRENCE :

Bureau Environmental Officer
John G. Gaudet, AFR/ARTS/FARA APPROVED
DISAPPROVED
DATE

CLEARANCE :

General Counsel .
. Africa Bureau: . DATE. oo soom tmss
Mary Alice Kleinjan o —
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INITIAL ENVIRONMENTAL EXAMINATION

Guinea Natural Resources Management Project (675-0219):
Pesticide Use and Pest Management Interventions

RISK-BENEFIT ASSESSMENT

This document presents the risk-benefit assessment pertinent to the Guinea
Natural Resources Management Project's proposed pest management interventions,
pursuant to the requirements of USAID pesticide procedures (22 CFR 216.3(b)).
It is based in part upon an environmental assessment carried out of the pest
management situation in the project area (Faye and Knausenberger 1994).

Table of Contents
1.0 Background Information and Project Description
2.0 Country and Environmental Information

3.0 Evaluation of Pesticide Use with Respect to Environmental Impact
Potential

USEPA Registration Status of the Requested Pesticides

Basis for Selection of the Proposed Pesticides

Extent to Which the Proposed Pesticide Use is Part of an Integrated
Pest Management (IPM) Program

Proposed Methods of Application and Safety Measures

Avoidance of Acute and Long-term Toxicological Hazards

Guinea's Ability to Regulate or Control the Distribution, Storage,
Use and Disposal of the Requested Pesticides

Compatibility of the Proposed Pesticide with Target and Non-target
BEcosystems

Guinea's Ability to Regulate or Control the Distribution, Storage,
Use and Disposal of the Requested Pesticides

Provisions Made for Training of Users and Applicators
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4.0 Baseline Assessment or Info Available

5.0 Issues, Mitigation of Impacts and Recommendations for GNRM Project Action
6.0 Monitoring

7.0 Environmental Determinations
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1.0 DRBACKGROUND AND PROJECT DESCRIPTION

The Guinea Natural Resource Management Project (GNRMP) is an integrated rural
development activity designed to improve management of the natural resources
for profitable and sustainable agricultural production in three watersheds in
the Fouta Djailon Highlands of Middle Guinea. It is complementary to the
multi-donor Fouta Djallon Highlands Integrated Rural Development Project.

1.1. Preceding GNRMP Initial Fnvironmental Examinations

The present IEE was needed because the original IEE (dated 9/3/91) for the
NRMP's Project Paper recommended a deferral for the project's technology
transfer and applied research component, until the research activities had been
further defined. This same approved IEE included a Categorical Exclusion for
the project's technical assistance, monitoring, training and management

components.

Then, based on the first GNRMP Annual Workplan (1993), a subsequent IEE (the
second) was prepared in October 1993, concurred in by the RLA, and approved by
the USAID/Conakry Mission Director 12/1/93. This IEE recommended 25 of the
technology transfer interventions for a Negative Determination, and one for a
Categorical Exclusion. A deferral was recommended for one set of technology
transfer and applied research activities,-i.e., the proposed pest management
interventions. The recommendation was based upon the fact that the procedures
as required in 22 CFR 216.3 (b), pesticide procedures, regarding pesticides had
not been completed at the time the individual technology transfer intexzwventions

were identified.

Thus, the present Initial Environmental Examination (third in a series for the
GNRMP) is for the pest management interventions under the applied research
compcnent of the project. Many of the elements of this component are funded by
local currercy generated through PL 480, but the mission has been mzintaining
close budgetary control over the funds. It is also appropriate to adhere to
the principles or U.S. environmental procedures in this instance.

1.2. Pertinence of Pesticide Use and Pest Management to NRM Project

The participatory nature of the project's planning process required that the
applied resrarch and technology transfer activities be identified only after
project beneficiaries were consulted with respect to needed interventions.
Based upon this consultative process the project has developed a first year
work plan identifying the particular field level interventions and applied
research activities to be implemented under the research and technology
transfer component. No project interventions, nor advance of funds for project
interventions, supporting pest management have been undertaken subject to
approval of this Initial Environmental Examination and concurrence by Africa
Bureau Environmental Officer and General Counsel.

Project activities are being implemented in three watersheds of 12 identified
in the multi-donor Fouta Djallon Highlands Integrated Rural Development
(FDHIRD) Project. The three watershed management units targeted by the NRMP,
geographically more-or-less centered on Labé, are:

- Koundou: 16 villages, ca. 4,000 inhabitants, ca. 95 sqg.km.;
- Diaforé: 12 villages, ca 2,000 inhabitants, ca.60 sq.km.;
- Dissa: 8 villages, ca. 2,000 inhabitants, ca. 50 sq.km..

The overall project and project area has been adequately described in *he
Project Paper and the Work Plan, and summarized in the previous IEEs. This
section will be limited to a description of the proposed pest management
activities.

The NRMP Rapid Rural Appraisal of the Representative Pilot Watersheds
(MARA/DNFC/USAID 1933) determired that both men and women in all three . .
watersheds consider insects pests to be among the three m~st frequently cited

2
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problems in agricultural production. This was confirmed by the Guinea Plant
Protection Service (SPV, LPV). The Project therefore is treating this as a
principal constraint to sustainable agricultural production in the project area
of intervention, and az an aspect for :hich early impact should be achievable.

1.3. Proposed GNRMP Pest Management Interventions

Based on observations by the Project staff, and confirmed by an independent
pest management and environmental assessment of the watersheds (Faye and
Knausenberger 1994), the following pest insects were identified as significant,
whirh are to be targeted as priorities for control measures. The GNRM project
plans to collaborate with specialists of the National Laboratory of Plant
Protecticn (LPV) to establish limited field evaluations, including the use of
insecticides, to address these problems:

- at least one species of termite (prob. Mac: otermes sp.) (dozens of
species in several genera are thought to be Lresent in the area, but
little specific information was obtainable) which consumes crops in the

field!;

- weevils and other stored product pests (beetle and mo:th larvae) which
attack stored grains, roots and seeds:

- Variegated grasshopper in gardens and external fields;

~ a fruitworm which attackz oranges; and

= a range of pests on 2 variety fruit and vegetable crops, cotton and
other potential and actual cash crops.

Other pest problems are more or less significant factors detracting from
ayricultural productivity in the watersheds, notably weeds, a range of insect
and disease pests of horticultural and industrial crops (e.g., cotton), as well
as rodents and granivorous birds. In light of the USAID/Guinea emphasis on
agricultural marketing promotion, it may well occur that other pests will need
to be addressed as part of the GNRMP interventions. However, these are not
covered by the present IEE.

Of particular concern to the project zone is the termite species which attacks
food crops. In addition, they cause severe damage to village housing,
including floors, where termite nests can become established, walls which
include elements made of wood, and most roofing, which consists of wood lattice
and straw. This problem is particularly prevalent in the Diafore watershed.
Plant protection officials and farmers estimate that crop losses reach 60
percent. Farmers have stopped planting root crops, orange and other nursery
tree seedlings can not reliably survive, and traditional practices of mulching
to promote soil fertility and water efficiency is becoming problematic due to
the increasing presence of termites. Food crop damage from termites alone is a
key contributor to malnutrition and hunger between the time that the food
stocks of the last harvest are finished and the first harvest from the
following season begins, about two months.

The Guinea Plant Prntection Service, supported by the Food and Agriculture
Organization, UNDP and IFAD, has conducted several controlled studies on
termite control in the project zone (the prefecture uf Labe) from 1988 to 1991.
Results from these trials of mechanical and chemical control have been
successful. Termites have been virtually eliminated from treated areas.
Following the first treatments in 1989 ctermites have been absent from the

1 Note: termites affecting housing would not be a primary target for the
project's management interventions, but the available options for control of termite
damage to structures should nevertheless be enhanced by the interventions in the
fields.

BLal AVAILADLE DOCHENT

E-5. 99



treated areas for as long as three years.

The project proposes to initiate with local farmers pilot integrated pegt'
management activities which combine mechanical control methods with limited and
site specific applications of chemical pesticides.

These pilot-activities will consist of (1) the establishment of a protocol with
the Guinea Plant Protection Service to furnish technical assistance and
training; (2) trcining of Plant Protection Service agents and selected farmers
in pest control measures and the safe handling, storage and application of )
pesticides; (3) controlled farm level applications of pesticides and mechanical
control methods to reduce food crop damage from termites and weevils; and (4)
an extension campaign to sensitize farmers to the concept and adoption of
methods for integrated pest management.

The total investment for this pilot phase of the pest management inte;vention§
is estimated to be approximately $50,000 over the remaining project llfe: This
includes staff time, training, support to applied research and all materials

and equipment required.

2.0 COUNTRY AND ENVIRONMENTAIL INFORMATION

Following is a brief review of the environmental conditions under which the
pesticides are to be used. The Project will conduct pilot pest management
activities in the three watershed sites of the Fouta Njallon highlands area of

Middle Guinea.

The Fouta Djallon mountains and plateaus in Middle Guinea cover more than
60,000 km2, approximately one-quarter the land area of Guinea. Nearly the
entire region is mountainous, and a quarter of the area (13,000 km2) lies over
900 meters above sea level. The mountains traverse the region in a north south
directic., rising steeply from the west and gently from the east.

Approximately one third of the population of Guinea lives in the Fouta Djallon,
two thirds of whom are Peuhl.

There are numerous land and soil types in the Fouta Djallon. Farmers have
independently classified the soil types by a catena concept, which describes
interloclking soils on a landscape from the hill crests to valleys.

In the valleys of watersheds, alluvial flood plains are found. Many of these
areas receive annual deposits of fine clays and sand, and soil has built up
over time through these deposits. These are locally called dunkire and are
cultivated regularly. In lower areas of the alluvial plain fine textured,
heavy clay hydromorphic soils are found. The local name for these areas is
hollande. These soils are used for grazing cultivation and some garcening.

The Fouta Djallon is an area of high plant species diversity and an important
center of endemism. Vegetation is classified as a combination of woodland,
open savanna woodland, bush woodland and light forests and lightly wooded
savanna bush. However, most natural forests have been replaced by cultivation,
secondary growth, fallow, and grassland.

Gallery forests are traditional buffers of natvral forest left around springs
and along water ~ourses. This buffer helps maintain water quantity as
evaporation is reduced, water infiltration is increased and erosion and stream
sedimentation is lessened. The tradition of leaving galleries intact is not
always respected, and some farmers now clear land up to the stream banks. The
gallery forests are likely high in floral and faunal biodiversity and provide
non timber artisanal and medicinal products. Isolated forest "islands" are
found on various iand types. These usually indicate a water source, a "sacred
wood" or a cemetery. :
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3.6 EVALUATION OF PESTICIDE USE WITH RESPECT TO ENVIRONMENTAL IMPACT
POTENTIAL

USAID's pesticide procedures? are applicable to all proposed projects or
activities which "include assistance for procurement or use or both of
pesticides registered for the same or similar uses by U.S. EPA without
restriction." 1In this case, the Initial Envirormental Examination for the
project shall include a separate section evaluating the economic, social and
environmental risks and benefits of the planned pesticide use to determine
whether the use may result in significant environmental impact. The below
discussion shall address the factors to be considered in such an evaluation.

3.1. USEPA Registration Status of the Requested Pesticides

The following problem insects are considered to be priorities for control
requiring pesticides. The pesticides proposed to be used by the project are:

For termites in and around fields/gardens:

- diazinoa (e.y., Basudine 60% EC, and/or Basudine 108 G
Granular formulation) .
- chlorpyriphos (e.g., Dursban 5% G and 10% G)

For stored product insects in consumption grains:

- pirimiphos-methyl (e.g. Actellic 2% G or 50% EC)
- chlorpyriphos (e.g., Dursban ECs)

For seed treatment (destined for planting only):

- thiophanate-methvl + thiram + diazinon (Super Homai 70% WP)

For Variegated grasshopper (Zono erus variagatus):

- diazinon (e.g., Basudine 60% EC)
- chlorpyriphos (e.g., Dursban EC)
-- fenitrothion (e.g., Sumithion 50 EC)

For orange fruitworm:

The "orange fruitworm" is said in recent years to have caused major yield
reductions and abandonment of citrus plantations. Though identified as a
priority problem needing attention (Balde 1990, Faye & Knausenberger
1994), control strategies have not been worked out locally; too little i:
known about this species to recommend particular control approaches. The
species involved in this problem is thought to be the larva of the moth
genus Cryptophlebia. If pupation occurs in the soil as suspected, this
may offer useful approaches to control. Further investigation is
required. Baits treated with malathion may be worth considering.

When pesticides are to be used in USAID proiects, USAID policy promotes,
whenever possible, the use of pesticides that the U.S. Environmental Protection
Agency (USEPA) has registered as “general use". 1In the U.S., general use
Eesticides (GUPs) can be purchased and used witho'it restriction because the EPA

as determined that they present minimal risk to people and the environment, if
used according to label instructions. On the other hand, restricted use
pesticides (RUPs) can be purchased and utilized onlr by certified, Iicensed
applicators, or persons directly supervised by them. RUPs generally are very
toxic and/or their normal use is considered too hazardous for persons who have
not received special training in their correct use. RUPs are usually
unsuitablz for use by farmers in USAID projects, and will not be used by LPV
staff either in the GNRM project.

22 CFR 216.3(b) (1) (i)
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Tables 1-3 show pesticides that are being r:commended for approval for use in
the GNRM Project for the specific purposes piesented. All are registered by
USEPA, and have no notice of Special Review or intent to suspend or cancel.
Diazinon, malathion, pirimiphos-methyl, thiophanate-methyl and thiram are
general use pesticides. Chlorpyriphos and fenitrothion are restricted use
pesticides, and subject to more stringent usage, requirements (as described

below).

Table 1. Pesticides Acceptable for Use in the USAID/Guinea GNRM Project on
Cereal Grains, Roots and Tubers. An "X" in a crop column signifies
EPA registrztion for that crop. The crop names are: MAI = maize, SOR
= sorghuu, MII =~ niliet, RIC = rice, CAS = cassava, SWP =sweet
potaty, and PGT = white potato.

EPA Regist:ration Status on Selected Crops

Pesticide
common MAI SOR MIL RIC CAS SWP POT

name

INSECTICIDES: .
Chlorpyriphos¥ X X X
Diazinon X X X4 X X’ X
Malathion X X¥ X x¥ X X
Pirimiphos-

methyl X x¥

FUNGICIDES:
Thiophanate~-methyl X . X
Thiram X X X X

Footnotes for Table 1:

1/ . Some formulations Restricted Use
2/ Pre- and post-har-.st espplication.
3/ Post-harvest application.
4/ Tolerance obtained from FAO Codex Alimentarius - Pesticide Residues
in Food, Second Edition, 1993.
5/ Tolerance is for polished rice (i.e., post-harvest)
6
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Table 2. Insecticides Acceptable for Use in the USAID/Guinea GNRM Project on
Selected Vegetable and Fruit Crops. An "X" in a crop column
signifies EPA reqgistration for that .crop. The crop names are: TOM =
tomato, EGG = eggplant, OKR = okra, MEL = melon, CUC = cucumber, SQU
= squash, CIT = citrus, and MAN = mangoes.

Registration Status - Some Vegetable & Fruit Crops

Pesticide
COMMOII == e e e e e e e e e e e e e e e
names TOM EGG OKR MEL cucC SQU CIT MAN
INSECTICIDES:
Chlorpyrifos! X X X
Diazinon X X X X X
Malathion X X X X X X X X
FUNGICIDES:
Thiophanate-
methyl X2/ )
Thiram X X X X X X
1/ Some formulations Restricted Use
2/ Tolerance obtained from FAO Codex Alimentarius - Pesticide Residues

in Food, Second Edition, 1993.

Table 3. Insecticides Acceptable for Use against Subterranean Termites in
Field and Agroforestry Situations, Stored Product Pests and
Variegated Grasshoppers in the USAID/Guinea GNRM Project. Selection
decision dependent upon formulation and target insect combination.

e T D D S B e WD D W e G B e N A Gt S ot D Sk T A - " ——— " > 8 = - = - —

Insecticide Termites Stored Grasshoppers
common in field/ Preduct
name garden Pests
Chlorpyrifos!/ X X X
Diazinon X X X
Fenitrothion X
Malathion X X X
Pirimiphos~
methyl X

1/ Restricted Use Pesticide

3.2 Basis for Selection of the Proposed Pesticides

The pesticides propossed for use were selected because they: 1) have been shown to
be effective for use against termite, stored product pests (weevils, other
beetles, and cereal moth larvae) and Variegated grasshoppers, respectively, in
several trials carried out by the Laboratoire de Protection des Végétaux,
supported since 1966 by FAO, UNDP and IFAD (Faye and Knausenberger 1994); 2) are
available at LPV in the Labé Prefecture of Middle Guinea; 3) have been shown to
be safe ‘and effective when used according to label instructions in other nations
with pest/crop/agroecosystem conditions similar to those of Guinea (e.g. in Mali

PVAONT ARG A AN n p -
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and Senegal); and 4) with the exception of fenitrothion and some formulations of
diazinon, are EPA general-use pesticides and therefore of relative.y low :

toxicity.

3.2.1 The Effectiveness of the Requested Pesticides for the Proposed Uses

Effectiveness entails applying the pesticide at the correct time, at the proper
rate, with proper application equipment and technique, and only when and where
needed. Thus, effectiveness results in large part from correct, rational use.

Termites. Effective mechanico-chemical contr,l of termites has been demonstrated
in Middle Guinea by a combination of physical excavation {up to 1.5 m down) of
the mounds and removal and killing of the queen(s), in combination with chemical
treatment. Mechanical control can be fairly effective if the gueen is located
and destroyed. However, available evidence indicates that mounds will be
reconstituted even after the queen is destroyed. Often two queens are in the
same mound, and hand digging to locate the queen will frequently miss the second
queen. Also, some speclies of termites will be able to generate a new queen from
pre-royal nymphs, depending upon the population structure of the mound at the
time of intervencion. Mechanical control on younger. termite mounds can be
effective beforc termite numbers have had a chance to develop. When combined
with chemical control on older mounds, the two actiohs can effectively eliminate
termite pests for a long period of time, at least three years.

The FAO-supported studies in Middle Guinea have demonstrated that convincing
long-lasting control for termites requires the use of chemicals. Experimental
control operations have been performed by the LPV staff in Labe during the past
several years, and are reported to be very effective -(LPV Annual Report 1988-90).
In 1988, 1364 mounds were treated in the prefectuves of Labe, Pita, Dalaba, and
Mamou with either Basudine 106 or 60 EC formulations. Of these, 1318 were
completely inactivated, a 97% control rate (Seni & Camra 1989). Similar results
are said to have.been achieved in other control campaigns carried out in Middle
Guinea by LPV staff with FAO and IFAD support. -

Stored Product Pests. With respect to stored product (mainly maize and cassava)
pest control at the farmer's level, action is seldom taken, for lack of options.
Steps taken, if any, involved ash or powdered hot pepper mixed with the grain
prior to storage. Cassava is sometimes cured by boiling and drying before
storage. Chemical control measures have been successfully tried by the LPV,
using Actellic Dust at 2% a.i. or Actellic 50 EC. In 1989, 200 tons of maize,
cassava, peanuts, cowpeas and rice were treated for 420 farmers, using 122 kg of
Actellic 2% P, and 44 liters of Actellic 50 EC. The treatments occurred in the
prefectures of Labe, Pita, Dalaba and Mamou. The report indicated satisfactory
control of Sitophiius zeomais, S. cereallela and Prostephanus truncatus.

Seed Treatment. Seed treatment is a highly desirable and effective means of
protecting seeds destired for sowing, both while in storage and after sowing.
Often, combination formulations are used, providing protection against fungal
attack as well as against insects. At least one such combination product 1is
presently in use by the Labé plant protection staff: Super Homoi, consisting of
15% diazinon, 20% thiram, and 35% thiophanate-methyl. It is made by the Japanese
firm Nippon Soda. Thiram and thiophanate-methyl (e.gq., Fungo, Topsin-M) have
many approved food uses, and are common seed treatment products. '

Grasshoppers. The Labé LPV staff has had considerable experience in control of

Variegated grasshoppers, mainly using products made available during the 1988/89
Desert locust invasion of Guinea. According to the 1990 Labe LPV Annual Report,
treatment of fenitrothion (Sumithion 33 EC) at 1 ml/ha in 1 1 of water gave good
results. In some areas, treatment at monthly intervals was required.

Chlorpyriphos and fenitrothion are the only products presently available for
grasshopper control in Labé. They are both USEPA restricted use pesticides, and
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are among nine insecticides® approved by USAID in the 1989 Programmatic
Environmental Assessment (PEA) for locust/grasshopper control in Africa and Asia.
Great caution should be taken to ensure that these RUPs are not used except
under the conditions consistent with those described in this section above (i.e.,
utilized only by a trained and experienced LPV applicator). Malathion is a non-
RUP which is recommended as an alternative to the above two, if and wpen
additional pesticide purchases were to be considered. The use conditlgns'and
precautions for the grasshopper control situation is described in detail in the

PEA (TAMS 1989).
3.2.2 P.sticides Not Acceptable for Use in USAID GNRM Project

Apart from the products listed and discussed above, no other pesticides are
recommended for approval under this IEE. Many of the pesticides presently
available in Labé (Faye & Knausenberger 1994) are Restricted Use Festicides, and
in any case shall not be provided to farmers. In particular, two pesticides
initially considered by GNRMP staff for inclusion under this IEE cannot be

. supporte%: Oftanol (Isofenphos) and Ofunack (pyridaphenthion). Oftanol, because
1t 1s a particularly toxic Restricted Use pesticide, and Ofunack because it is
not registered, neither in Guinea nor in the U.S. Another pesticide which has
seen use in termite control operations in the Labé area but which musc not be
supported by the GNRM is Folidol (parathion). This is ~ne of the most highly
toxic pesticides known, but has no comparative advantage over the alternatives
provided for above.

However, with trained GRG and GNRM project staff, some other pesticides might in
the future be utilizable on a very limited basis in research and demonstration
plots, in seed multiplication plots, in the teaching of safe pesticide use, or in
small-scale pest control programs. Such future use would be strictly within and
under the direct control of the LPV and, eventually when trained, appropriate
GNRMP and .PVO and Peac : Corps staffs. Or, in certain emergency situations in
which approved pesticides were deemed ineffective, or significant crop losses
would.occur if a restricted use were not used, then USAID/Guinea and the GRG,
acting together,. could make an exception to save the crop. This restricted use
must include adequate training, described below, and not result in illegal
pesticide residues.

3.2.3 Availability and Effectiveness of Other Pesticides or Nonchemical
Control Methods

Under "other pesticides and methods" the foilowing should be considered:
botiunical insecticides, biorational pesticides, lower rates of synthetic
pesticides, innovatir2: methods for pesticide application, and pesticide rotation
to prevent buildup o. resistance.

Botanical insecticides are insecticides derived from plant materials. They have
been used successfully for centuries in traditional farming systems, and today
they are increasingly important in modern agriculture as many growers begin to
turn away from synthetic pesticides. "Botanicals" can be concocted on the small
farm from flowers, leaves, stems and roots, etc., or produced by industry from
more refined extracts. As of mid-1993 in the U.S., the following natural
insecticides are registered by the EPA and must of them are on the market as
commercial products: azadirachtin (the primary insecticidal ingredient from the
neem tree), capsaicin (from hot chili peppers), garlic, sesame oil, rotenone,
pyrethrum, ryania, and sabadilla. Some of their registrations (by the U.S. EPA),
derivation, EPA toxicity category and acute oral and dermal LD50 values are
summarized in Table ...* below. Note that these are all of relatively lew
toxicity and thus worth considering furthe: for use in Guinea, but only after

3 The other seven products are: acephate, bendiocarb, carbaryl, diazinon,
lambda-cyhalothrin, malatiion and tralomethrin., All of these- chemicals are
currently registered by.the U.S. EPA or its equivalent .in.other countries.. Six of
these :1/g insecticides zr: restricted use .pesticides. in the 1''S.:  bendiocarb,
chlorpyrifos, fenitrothion, lambda-cyhalothrin and tralomethrin.
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sufficient testing. Plant-derived pesticides not registered with the USEPA
cannot be extended to farmers or promoted commercially where U.S. funds are
involved. Experimental use on less than 4.0 ha (10 acres) is permissible.

Annex 2 presents botanical products presently registered with the USEPA.

Reduced rates of application. It is sometimes possible to utilize lower than
recommenced rates of cevtain synthetic pesticides and still attain satisfactory
pest control. For example, the FAO-funded termite control trials in the Labé
region determiried that there was no difference in efficacy for termite control
between 200 g and 400 g of Basudine per mound. Thus, one should choos. the lower

amount.

Biorational pesticides include viruses, bacteria, fungi, and prctozoa, and
chemical analogs of naturally occurring biocliemicals, such as avermectin. The
most plausible candidate biorational pesticides with immediate potential in
Guinea, are the fungi Beauver:a and Metarhi.ium. These fung:l pathogens are

showing great promise as grasshopper control agents.

Other Methods for Insect Management.

o Biological control: conservation, augmentation, inoculation, and habitat
manipulation with parasites, predators and pathogens

© Plant resistance (natural, and through breeding programs

o Environnmental manipulations: plant spacing, intercropping, timing of
planting and harvesting, crop rotation, water management, fertilizer
management, soil preparation, sanitation, trap .crops

o Physical and mechanical control: screens, traps, protective packaging,
barriers, flaming and burning, hand picking

-0 Attréctibn and repellency: attractants, repellents

3.3 Extent to Which the Proposed Pesticide Use is Part of an Integrated Pest
Management (IFM) Program o :

The GNRM project will encourage a commitment to IPM as a component of
appropriate, sustainable natural resources and crop management. Thus, the LPV's
work involving pesticides should follow basic IPM principles: employing
ecological (non-chemical) crop protection methods as far as possible, and
minimizing chemical inputs by using them only if economically justified, and only
or an "as-needed" basis. In addition the project will provide farmer training
and demonstration in appropriate sanitary, cultural and mechanical techniques
known to reduce insect presence. The demonstrations should emphasize
complementarities between prudent NATURAL RESOURCES and crop management
strategies (e.g., organic matter and wee cover management) with pest management
objectives. :

The.integrated pest management approach to be adopted as appropriate by the
project will emphasize, with respect to pesticide usage, site specific
application and minimum dosage. This will help control exposure to non-target
species. . . _

In the case of termites this will involve the digging and removal of the queen.
This will help reduce termite presence, particularly in areas where termites
mounds are newly established. The project will also conduct an exhaustive survey
of traditional control methods and test the most promising ones.

For weevils and other stored product insects, the. project will assess food
storage techniques, and determine if more appropriate storage facilities can be
constructed that.are.more .resistant. to iniect .attack. - This may _.involve_suc
actions_as treating the base of -traditional storade sheds with neaam lasiraa
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contain a naturally occurring property for repelling insgcts. Other actions may
involved the construction of clay based storage shed, which provide some
resistance to insect penetration. A’so, seed storage in vessels which can be

hermetically sealed could be encouraged.

Specific suggestions for an IPM program under the GNRM project are provided in
the assessment by Faye and Knausenbergeir (1994).

The following éeneral technical and economic guidelines apply:
-- Least-toxic, maximally pest-specific pesticides should always be preferred.

- No pesticide use should be recommended to farmers unless the use patterr
has been tested and shown to be economic under local conditions.

- LPV should recommend pesticide use to farmers only as a last resort when a
significant pest infestation has been signalled through field inspection,
non-chemical pest control methods have proven in--lequate, and the use
pattern in question has been shown to be economic. Pesticide use would
thus be restricted to a minimum, on an "as-needed" basis only.

- To safeguard applicators and minimize nontarget effects, GRG and NGOs

should concentrate on the least-toxic, most pest-specific pesticides. It
should be remembered that USAID regulations prohibit funding of extension
of local botanical compounds chat have never un ergone safety testing for

U.S. registration.

- No insecticide use should be recommended on a "preventative" or "calendar
schedule" basis. .

- To ensure that pesticide use is sustainable and that farmers develop habits

and attitudes that take the real economic costs of pesticide application
into account, no free esticides should be provided to farmers, or any form
-of pesticide or application subsid + except for farmer's field adaptive
research and for very limited extension demonstration purposes. 1In all

other cases, when farmers wish to use pesticides they should be required to
purchase them from commercial suppliers and pay full market price.
Exceptions for emergencies could be allowed for,

3.4 Proposed Methods of Application and Safety Measures
3.4.1 Availability of Application and Safety Equipment

The Project must require that adequate personal protective equipment (PPE) be
used in all pest control activities in which pesticides will be used. To "use"
pesticides mean to purchase, transport, store, measure/mix/load, apply, and
dispose of pesticides and containers, as well as clean application equipment.
And, as far as USAID is concerned, "use" of pesticides includes the provision of
fuel for pesticide transport and application vehicles. The Project must require
the LPV to adhere to safety standards which will avoid, or reduce to a minimum,
all environmental or human health hazards during each and every pesticide use.
Approved contracts or grant budgets must allocate funds for protective gear if
any pesticide use is proposed. LPV technical personnel must be adequately
trained to ensure that pesticides are used safely.

READING AND HEEDING THE LABEL INSTRUCTIONS, AND USING COMMON SENSE, SHOULD ALLOW
FOR SAFE AND EFFECTIVE PESTICIDE USE.

Guinea NRM project bersonnel &and LPV should have on hand guidance on safe and
rational pesticide application, such as the foliowing USAID documents: 1)
Pesticide User's Guide (Overholt and Castleton 1989), 2) Guide pour l'Usage des
Pesticides (Overholt and Castleton, 1989) and 3) Environmental Guidelines for
PVO/NGO Field Use in Africa (USAID 1993). - S '
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Table 4. Toxicity of Selected Insecticides/Fungicides Available in the Labe
Prefecture, Guinea. ‘

Toxicity
Common Name 1/ Acute LD50 . Cate- EBA
Activity 2/ (mg/kqg) gory Signal
Oral Dermal Word
Carbaryl I ' 850 - I'II'III D,W,C 3/
Chlorpyrifos I 96-270 2,000 II WARNING/
III CAUTION 3/
Diazinon I 300-400 3,600 II WARNING/
III CAUTION 3/
Malathion I 1,000-2,800 4,100 IIIX CAUTION
Pirimiﬁhos—methyl I >2,000 >4,592 III CAUTION
Thiophanate-methyl F >15,000 >15,000 IV  CAUTION
Thiram F >5,000 >5,000 IV CAUTION

Footnotes:

1/ Accepted common (or generic) names, for which some have many trade names.

2/.1 = insecticide, A = acaricide, F = fungicide, N = nematicide and H =
herbicide. . : .

3/ Toxicity (and corresponding signal word) depends on the formulation.
Liquids generally more toxic than dry products. Co :

3.4.2. sSafe Application and Disposal Procedures

Termites. Termite mounds will be dug out to a depth of approximately 1.5
meters, or until the queen's nest is located. The nest is readily located by the
presence of a large number of white colored larvae. If possible the queen will
be removed and destroyed before application of the pesticide.

The insecticide Basudine, preferably the 10% Granular formulation, will be
applied at a dose of 200 grams per average mound (but no more than 350 grams for
any size mound). Large-scale trials supported by UNDP/FAO showed that all
dosages were effective. :

In some instances it may be deemed appropriate to apply Basudine in the
emulsifiable concentrate formulation (60% EC), at effective (active ingredient)
rates of 350 to 560 ml of 60% product per 10 1 water per average mound (i.e., 200
resp. 350 ml active ingredient. More or less water may be required depending on
the size of the mound. The formulation will take place only after the termite
mound has been opened and the queen removed. This will keep the pesticide in its
original container until the moment it is needed. The material will be poured
from the container strategically into the mound. No sprayer will be required.

However, if a sprayer is used, the mixed dosage will be placed in a hand-held
pump sprayer, and a full ten liters of formulated product at the above dosages
sprayed thoroughly and as uniformly as possible on the interior and exterior
surfaces of the termite mound, particularly in and around the principal passage
tunnels. The dosage applied to each termite mound will vary according to the
size of the mound, but normally will not exceed 10 liters of formulated product
using no more than 350 ml active ingredients in.all..
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Following the spray operation the excavated soil will be crushed and u;ed to seal
off the termite mound. The termite mound will be fenced off for a period of at
least four days to prevent animals from disturbing the site.

All used equipment and materials, including the pesticide container, will be
placed in a specially marked container and returned to the Plant Protection
Service office. There the spray equipment will be properly rinsed and cleaned.
The used container will be pierced, crushed and buried at least 50 cm deep in
soil well removed from water. The project will assist in developing appropriate

and safe disposal sites. -

The application of the pesticide will only be done by a trained Plant Protection
Service agent, who will utilize appropriate protective ecuipment (mask, gloves
and boots) when preparing and applying the dosage.

Stored product insects. All products to be used are well-established to be safe
for use on stored grains for human consumption. Once proper preparation of the
storage site has occurred, Actellic 2% P (powder) or 50% EC liquid will be
formulated/applied according to standard procedures to the premises and stored
products to be protected.

Super Omoi (or Homai) is binary product (fungicidie:and insecticide combination)
registered with the USEPA, and is applied only to seed grain intended for storage
until the next growing season. It will be applied according to label directions,

3.5 Avoidance of Acute and Long-term Human Toxicological Hazards

The hazard of using a pesticide results from a combination of inherent toxicity
and likely bodily exposure. Some pesticides, even of low toxicity, present
potential exposure problems such as acute inhalation toxicity, serious eye or
skin irritation. However, none of the products suggested for the pest management
interventions are in USEPA Toxicity Category I, aud most are in Category III or
IV. With the standard safety precautions to be taken in connection with the
proposed interventions involving pesticides, no or very minor hazards are to be
expected. :

The proposed general use pesticides (Tables 1-3) are considered safe to use by an
applicator who has received sufficient training and who also heeds the use
instructions provided on the pesticide label (that include advice on using the
proper protective equipment and clothing). The greatest exposure during
pesticide use is usually experienced by those who measure, mix, load, apply,
clean equipment, and enter a treated area without protective gear. Precautions
must be taken at all times during these operations. Users must also be trained
what to do in cases of emergency situations such as pesticide spills, leakage or
sudden spray from faulty equipment (such as when a hose or coupling fails, etc.).

No short- or long-term effects of human exposure to pesticides are anticipated.
The pesticide applicator therefore, must always be conscious of and attentive to
prevention of bodily contamination.

Besides the safe application measures to be taken as specified in Section 3.4,
the following "prudent pesticide use principles" will be adhered to:

- Protective measures: Appropriate protective clothing, gloves and goggles will
be used for all mixing and application operations. An abundant supply of water
to use in the event of spills, and atropine (epinephrine) will be available as an
antidote. Treatment is preferable during early morning hours to minimize contact
with non-target organisms.

- Storage: any pesticide to be used in this project will be stored in the
"Cité'ls (Watershed Management Units' headquarters compound) storage area with
other agronomic ‘equipment in a separate locked cabinet. :

- Avoidance of excess stocks: No more pesticide will be acquired than is needed
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for a specific operation as worked out by protocols established with the LPV;
thus, no surxplus stock will accumulate. :

- Disposal: No excess chemicals are expected to result from the treatments to be
undertaken. Used containers will be rinsed, pierced, crushed and buried as
described above. .

- Limited scale of operations: two fields or external gardens per villgge for
every village 1n two of the watersheds (Koundou, with 16 villages, and Diaforé,
with 12). The control activity will be extended to the third watershed at a

later date.

3.6 Compatibility of the Proposed Pesticide with Target and Non-~target
Ecosystems

The General Use Pesticides proposed for the GNRM'Project are mostly non-
persistent and should not cause long-lasting harm to the environment. The
ENVIRONMENTAL GUIDELINES on the pesticide label should always be followed.

3.6.1 Possible Adverse Effects on the Environment

Use of the proposed pesticides in LPV activities (adcording to instructions on
the pesticide label, and assuming p.operly trained applicators) should cause no
significant harmful effects to the environment. Nevertheless, there may be times
when pesticides might be misused unintentionally by LPV personnel, or they might
observe incorrect use by others. Therefore, knowledge of some possible harmful
effects to the environment is useful.

Mary insecticides are very toxic to bees and other pollinators. 1If spraying
cannot be avoided during the flowering period of desired plants, then it should
be done early in the morning or late in the afternoon, or when cool, when bees
are not as active (at less than 19 degrees C or 65 F). The relative toxicities
of some pesticides available in Guinea to bees are:

| Highly toxic: diazinon and fenitrothion.
Moderately toxic: malathion.

Other pesticides found in Guinea that are toxic to bees include the following:
carbaryl and pirimiphos-methyl.

Pesticides proposed for the GNRM that are considered toxic to fish are diazinon,
malathion, pirimiphos-methyl. ‘ .

\

One of the pesticides is toxic to birds: chlorpyrifos.
Carbaryl is toxic to animals that eat fish.

Although Guinea has a great diversity of flora and fauna, it is not anticipated
that adverse impacts are likely to occur tn the environment by use of pesticides
by LPVs in their agricultural development programs. That is because pesticide
use by LPV personnel will be coupled with training (Section 3.8) and monitoring
(Section 6.0). Also, use will not be in forested, wildlife and protected areas,
but in sites that already have a history of agriculture use. Thus biodiversity
is not expected to be affected by limited and strictly controlled LPV use of
pesticides in their internal research and demonstration, seed multiplication,
teaching of safe pesticide use, and vegetable production.

No synthetic pesticides will be extended to the villagers and farmers under this
project. , v .

3.6.2 Protected and ecologically sensitive areas

Frotected and sensitive habitats . (e.g. bodies. of water with vulnerable...
- 14
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aquatic life) within or closely bordering crop and livestock production areas may
be at risk from pesticide use. The present human population distribution and
movements need to be considered examined with respect to proximity to national

protected areas.

When pesticides are used by LPV staff, great care will be taken to avoid
pesticide drift and possible groundwater and surface water contamination. Proper
procedures for disposal of unused and obsolete pesticides, and empty pesticide
containers will be followed.

Project and LPV staff should be familiar with protected and ecologically )
sensitive areas, and if any control activities are nearby they should avoid any
pesticide spraying within 100 m of the protected area.

3.7 Guinea's Ability to Regulate or Control the Distribution, Storage,
Use and Disposal of the Requested Pesticides

The Government of Guinea has just passed legislation governing the use and
distribution & importation of pesticides. The applicable Guinean legislation

includes: .

~- a law instituting pesticide registration procedures (Loi L/92/028/CTRN),
signed 6 August 1992, and

-- a Decree of Application (D/94/044/PRG/SGG) approved by the Council of
Ministers on 12 Oct. 1993 and signed into law 22 March 1994.

While applicable Guinean legislation has recently been passed, and provides for a
pesticide registration process, a formal list of registered products has not yet
been promulgated. Six pesticides have been banned from importation into the
country (chlordane, chlordimeform, cytexatin, ethylene dibromide, heptachlor and
mercury-containing compourds). Given the recent date of this legislation, the

- fact that the registration process is not yet instituted, and that resources for
effective application and enforcement are lacking in Guinea, the standards of
U.S. law as applied to pesticide use and disposal will govern the practices
followed undcr GNRM project. ’

Within the project zone (Labé) the Guinea Plant Protection service has an
adequate number of trained personnel to provide technical assistance with respect
to use and disposal of the pesticides in question.

3.8 Prrovisions Made for Trajning of Users and Applicators

For the proposed pilot actions to be initiated by the project, pesticide
application will be done only by trained agents of the Guinea Plant Protection
Service based in Labé. 1In addition, in villages where pest management activities
will be undertaken, the project will train selected villagers in the methodology
of application and effective treatment of termite mounds and grain storage areas.
Training will also be provided in general principles of crop protection and sound
crop management. Emphasis should be placed upon recognition of natural enemies
of pest organisms and monitoring for early recognition of problems.

4.0 BASELINE ASSESSMENT AND INFORMATION AVAILABLE

USAID/Guinea sponsored a study in April 1994 entitled "Assessment of Agricultural
Pest Status and Available Control Methods in the Guinea Natural Resources
Management Project: Approaches to Integrated Pest Management," which focusses on
the key pest problems in the central highlands area. It provides the basis for
the information in this IEE.

This assessment highlighted the fact that surprisingly little is known among
local crop protectionists about the biology and specific make~up of the species
involved. Likewise, little applied research into alternative control measures
.. has_been. conducted in Guinea-on these problems. - This Fresents an opportunity .-
which the GNRMP is ideally situated to address through its technology transfer
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and applied research component: facilitating the evaluation for IPM measure«
which are locally sustainable and effective.

5.0 ISSUES, MITIGATION OF IMPACTS EXPECTED AND RECOMMENDATIONS FOR GMRM PROJECT
ACTIONS

Issue: Minimal Human and environmental health risks.

Based on the analysis and measures described in Section 3 above, no significant
impacts or risks for either environmental or human health are likely to ensue
from the pesticide use to be supported under this activity. Key points in
support of this conclusion are:

- The scale of the activity will be very limited, initially involving no
more than perhaps 120 discrete treatment sites (termite, stored product
pests and grasshoppers} in 28 villages. The total amount of pesticide
product to be used will be well under 50 kg or liters.

- The approved pesticides are among the least toxic, yet effective,
available.

- Termite control measures will combine pesticides with mechanical control,
and will rarely need to be repeated.

.~ Only Crop Protection Service staff will carry out the treatments.

‘- All pesticide materials, used equipment and empty containers will be
stored at the central "Cité" sites or at LPV headquarters

- All appropriate safety measures as outlined above will be taken to
protect human health, non-target organisms and other environmental assets.

Issue: Likely growing demand for pesticides and pest management technologies

Experience in other developing countries shows that pesticide demand and supply
increases.as subsistence agriculturists emerge into a market economy. Likewise,
it is apparent that with the demonstrations proposed for the pest management
interventions, success will create an increasing demand as cash becomes .
available. There are at present no systematic plans for addressing the medium-
term implications of investments in demonstration of this pest management
technology. This will be tempered in the case of termite control because it is
likely that a single successful treatment will solve the problem at a given site
for several years. Nevertheless, consideration should be given for
systematically addressing the likely eventuality of an increasing trend towards
pesticide use. .

Recommendation: USAID should consider having a Programmatic Environmental
Assessment for pest management and pesticide use prepared within the GNRMP. This
will provide the legal context and technical rationale for a series of adaptive
responses, which are socially and economically compatible and consistent with
good natural resources management practices. A key point in favor of this
approach is that a PEA gives the Mission and project personnel greater
flexibility, and will eliminate the need for further review, in USAID/Washington,
of sub-activities which address situations and problems as they arise. This will
also usually require some provision of appropriate for training of villagers in
safe use of pesticides and alternative technologien.

Concern: ' Pesticide Storage Facility Improvements Needed-in Labé Prefecture.

As described in Faye and Kriausenberger (1994), the LPV storage building in Labé,
where the pest management campaign will be based, has significant deficiencies.
While it is a sturdy, well-locked concrete block facility, it has poor
ventilation, and storage shelves are lacking; there is no water source for

mixing, clean-up and emergency use; likewise, non-pesticide goods:were being
stored with pesticides, which is not appropriate. Also, there are no waxning
_sigg;,unprAﬁengeg,zpn§_p§§_j;99;s_yg;géygrdegatyr;so,that_persona;enteringgkick_;
up pesticide-laden dust. T T LT T T T e
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Recommendation: Means should be found to upgrade the facility to address the
above deficiencies, if it is to be used in connection with the GNRMP pest
management activities. Storage of the materials in the GNRMP pilot watershed
headquarters (Cité) would also need to meet minimum standards, but.the
opportunity to assist in the upgrading of the Labé LPV storage facility should be

considered. .

Concern: Insufficient pest management knowledge and skills among Guinean crop
protection staff (LPV) in Labaé.

The assessment determined that the apparent level of knowledge of some of those
to whom this program is to be entrusted is not up to the professional level
desirable. Fortunately, the supervisory staff appeared to be quite competent.
This limited staff depth and expertise could be a significant constraint to the
effective implementation of the pest management interventions, given the focus on
IPM options and the challenges that presents, especially in light of the
diversity ¢ . target hosts and sites involved, and the need to develop training

events for tlLe villagers.

Recommandations:

-- -~ Staff interviewed requested training to refresh and upgrade their skills.
As soon as possible, this should be facilitated in crop protection training
centers such as in Senegal, Niger, Cameroon or Benin.

- USAID might consider support to a national- and/or regional-level workshop
on termite management experiences and approaches, bringing together
African, FAO and other international centers of IPM and agroforestry
expertise, as well as l-cal NGOs. .

Finding: ' Many opportunities exist to promote alternatives pPest management
L - strategies minimizing the use of synthetic chemical pesticides in a
fashion optimally compatible with natural resources management
objectives.

A range of options' for promoting alternative and nonchemical pest management
strategies was presented abc-e (esp. Sect. 3.2.3). Possible approaches to IPM
including traditional technoiogies were reviewed in the GNRMP context by Faye and
Knausenberger (1994). A strategic approach tec promoting such options is
presented below. :

Recommendations:

- USAID/Guinea's NRMP should formulate a policy pertaining to pesticide use
and IPM approaches.

- LPV and SPV should develop IPM demonstration protocols separately
addressing termites, stored product insects, and grasshoppers. These
protocols should be vetted outside the project. USAID AFR/W is prepared to
review and comment on such protocols.

- LPV needs to take the sorts of IPM options presented in the Pest Management
Assessment (Faye & Knausenberger 1994) into account in developing the
- protocols referred to. : : : -

- GRG itself could be encouraged to formulate and adopt a national IPM
policy. .

-- LPV could be encouraged to consider experimenting with botanical" =
insecticides, if they are not already doing so, but ONLY IN SMALL SCAL
TRIALS. However, under U.S. Law, unregistered active ingredients of plant-
derived pesticides may not be extended to farmers or used commercially.

the LPV and other agents. should: select  both the least toxic pesticides, AND
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the least toxic formulations (e.g., granular) of those pesticides.

- LPV could approach IITA Plant Health Management Centey in Cotonou, Benin,
about collaborating on the evaluation of the fungi Beauveria and
Metarhizium. The products could be considered now for trials against thg
Variegated grasshopper (Fr.: Criquet puent, Zonocerus variegatus). A major
Zonocerus biological program is being planned in the central West African
region. - Contact: Jeffrey Waage, c/o LUBILOSA, International Institute of
Biological Control, Ascot, Berks SLS5 7TA, United Kingdom. Tel.: 44-344-
872999, fax: 44-344-875007). _

6.0 MONITORING

6.1 Provisions Made for Monitoring the Use and Effectiveness of the
Treatments

" The Project in collaboration with the Guinea Plant Protection Service w1ill
develop and implement a monitoring and evaluation plan for pest control
activities.

All treated sites will be mapped, marked and surveyed twice a month for a period
of two months, followed by monthly observations for a period of two years to
observe the results of pesticide application. At sites where applications are
made villagers will be trained to observe any unusual effects from the
application of the pesticide.

6.2 Provisions for Monitoring the Human Health and Environmentai Impact
of the Treatment - .

The small scale cf the activities and the very limited nature of likely adverse
impacts does not justify a specific monitoring program. However, the GNRMP M&E
and general staff, LPV staff, and villagers will be sensitized to the sorts of
impacts. to be alert to. Under certain circumstances, if opportunities present
themselves, LPV staff exposed to pesticides consistently should be tested for
blood cholinesterase inhibition, an indicator of exposure to pesticides.

7.0 ENVIRONMENTAL DETERMINATIONS

The pest management assessment, and the risk-benefit analysis in this IEE,
demonstrate that the immediate, direct and indirect risks are minimal, and that
significant benefit will be derived from the interventions. Also, adequate
provision for preventive and mitigative measures is made in this project. Thus,
prudent use of pesticides i3 acceptable, and a Negative Determination with
conditions is recommended for pesticide use in pilot pest management projects for
the following four site/pest combinations:

== Termites in and around fields/gardens and In tree nurseries:

- diazinon (e.g., Basudine 60% EC, and/or Basudine 10% G Granular
formulation)
- chlorpyriphos (e.g., Dursban 5% G and 10% G)

It is estimated that demonstrations will be carried out by LPV staff (only) in
about 30 villages, in no more than two tapades per village, and no more than four
termite mounds per tapade. Treatment will entail combined mechanical and
chemical measures as outlined above. Alternative approaches will be investigated
through applied research grants. It is estimated that about 10 kg of pesticide
product will suffice for this aspect.

—= Stored product insects in consumption grains:
pitimiphgs-methyl-;(e;g;;Actellic;z%.G.or.50%;EC)
chlorpyriphos: (e.qg.,- Dursban ECs"
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Only demonstration sites will be treated, and only by thz LPV and GNRMP agents.
An estimated range per family for treatment is 200 - 500 kilograms of grains
stored for consump .ion.

-~ Seed treatment (destined for planting only):
-- thiophanate-methyl + thiram + diazinon (Super Homai 70% WP)

On the order of 20 kg of grain stored for planting will be treated per family on
a demonstration basis only. Mixing and application will occur by the LPV agents.

- Variegatec grasshopper (Zonocerus variegatus) in irrigated and rain-fed
horticultural plots:

-~ diazinon (e.g., Basudine 60% EC)

- chlorpyriphos (e.g., Dursban EC)

- fenitrothion (e.g., Sumithion 50 EC)

While this will also be on a pilot scale, here it is especially important that
treatment only occur by the LFV and trained GRNMP staff, because application will
normally take place by spray applicator, and because the pesticides involved are
among the most toxic. Use of baits is preferable if the knowledge in their
effective use is accessible.

USAID and LPV/SPV are referred to the Programmatic Environmental Assessment for
Locust/Grasshopper Control in Africa and Asia, and in particular the Supplemental
Environmental Assessments in many of the nations surrounding Guinea (Mali,
Senegal, Cameroon). .

The conditions which apply to this negative determination are that:

_ -- only national crop protection service and laboratory agents, and trained
GNRM project agents, are to store, handle and use the pesticides provided;

-- the LPV staff will develcp and follow treatment protocols which build in
a maximum practical range of .\ternative techniques aimed at minimizing the need
for pesticides;

.

=~ LPV and GNRM staff wyill establish a simple but robust monitoring process
to keep track of the efficacy of the treatments and to identify and mitigate any
unexpected negative impacts (on non-target organisms and people} which may be
linked to the treatments.

-- USAID will encourage the development of appropriate applied IPM research
trials through its technology development grants;

-- no pesticide product will be made available directly to villagers;

-- the storage facilities in Labe be upgraded as described above, if they
are to be used for project chemicals; likewise, the storage facilities in the
cités should be brought up to the minimum standards; and

., 7= independent evaluation of the project activities' implementation be
periodically assessed by a knowledgeable person(s) on no less than an annual
basis.

A negative determination is recommended for applied research activities designed
to integrate chemical pesticides with non-chemical and other methods, provided
that the aggregate sizc of the trial plots remains under 4 hectares, and all due
precautions are taken to prevent untoward impacts of the pesticides.

‘A.-deferral-is:recommended ‘for-any treatment strategies -involving-pesticides-
against: =~ - , o . STTITEETS
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-=- Orange fruitworm: too little is known about this species to recommend
particular control approaches.

~- Termite control in and around homes: The risks associated with pesticide use
arocund homes are much greater than in the case of the control of mounds in

external fields.

== A