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Biological control methods for insect pests of stored grain in
the tropics-constraints and prospects for developing countries

R.]. Hodges'

Abstruct

The conventional use of insecticides and fumigants to control
insect pests in siored grain has given rise o envirommental
and health concerns and is hampered by reduced efficacy due
to the development of insect resistance to these chemicals.
Such prohlems may be overcome by adopting inlegrated pest
management { IPM), important components of which are
hiological mctheds  of conirol.  Constraints 10 the
implementation of these methods are considered in detail.
These include an inadequate knowledge of the nature of the
grain storage svstems and the pest complexes that occur in
themt and an insufficient body of trained stafl to implement
more sophislicated pest management. Suggestions are given
as to how hiological metheds might be adopted in farmer,
trader and central storage. and examptes are presented of
some current initiatives in their use.

For biological methods 1o reach their full potential, an
This could be

stimulated by a greater awareness of the need to develop

increased  research  efforl is required.

improved methods. closer partnersiips with researchers in
countries where such technologies are heing developed and
improved market incentives for bLetter quality grain. A
possible way forward to achieve successful implementation of
improvements in storage pest management is discussed.

Introduction

The potential of biological methods for the protection of
durable commodities has been exercising the imaginations of
storage entomologists lor some years In 1981, a special
edition of Tropical Stored Products Information { Volumec 48}
considered the hiological methods that might be used in the
tntegrated control of storage arthropods in the tropics.
These ineluded pheromones.  resistant  grain  varieties.
micro-organisms and sterile insects. In a similar vein,
although not with tropical countrics specifically in mind, a
special edition of the Journal of Stored Products Rescarch in

' Focad Secrniiy Departinent. Natural Resourees Instinne, Universiy
oi Greenvich. Chatham Maritme. Kent MFE4 JTB. UR

1997 was devoted to ecologically safe aliernatives to the use
of conventional pesticides and fumigants which included the
use ol pheromones ( Phillips, 1997) and predators and
parasites (Schéler et al., 1997). Two recent book chapters
have also drawn altcation to the subject. One presents what
is known about the potential of predators and parasites in
grain stores (Brower et al. 1996}. The other emphasises the
need for an ecosystems approach to wropical grain storage
{ Haines. 1493}, an important consideration in the
development of effective pest management. In addition. of
the 233 rescarch papers presented at the 6th International
Working Conference on Stored Producis Protection in 1994,
thirtecn were on aspecls of predators and parasites of
storage pests including a very detailed key-note address on
the prospects in Africa for classical biological control of the
exotic storage pest Prostephanus trurcelus (Horn} by the
histerid beetle  Teretrins (Lewis} ( =
Teretvigsoma nigrescens) (Markham et ab. . 1994).

The amn of this address is not 1o present details of any
particular ological methods. nstead, consideration will be
given o the constraints umposed by the grain storage
systems used in developing countries in the tropics so that

nigrescens

future prospects for biological control methods can I
brought into focus. This approach will unavoidably lead to
generalisation, since the grain storage sysiems and markels
in devetoping countries are diverse. Nevertheless this should
not invalidate the analysis. Once the prospects for Liotogical
methods have been idemified, attention will be drawvm 10
possihle wavs to achieve their implementation. However,
hefare dealing witl the constraints to the use of biological
control methnds it is imporiant to consider why developing
countries actualiy need such techniques.

The Need for Biological Methods

Crrain storage in tropical countries is no less difficult than in
temperate vegions. Indeed. in those areas where the climate
is both hot and humid, it can present a substantial challenge
as grain deterioration which can be exceptionally rapid 1f
commadily management systcms break down. A erucial
element of vommodity management is the control of storape
pests. especially msects. The techniques currently in use to
limit losses caused by insects are cither preventalive, such
as the application of nsecticides to store surfaces or
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adiixture with the grain itsell, or curative such as the
fumigation of grain stocks under gas-tight sheets with the
gases phosphine or methyl bromide. In most developing
comntries. the use of these methods does not have a long
listory: only in the pericd after World War I and, in most
cases, the post-colonial period, has their application become
widespread.

The pest management techniques that are in use arce not
without their difficulties and draw-backs. The efficacy of
ircating store surfaces with insecticides is doubtful (Hedges
etal., 1992; Gudrups, 1996); the admixture of insecticides
is being called into question in devetoped countries on health
grounds, at least in the case of the mosl widespread class of
grain protectants, the organophosphorous
(Ecobichan and Joy, 1993}; the use of methyl brotide is in
jeopardy owing to its action as a depletor of stratosplieric
ozone { Taylor, 1994}, and insects are increasingly showing
more tolerance to the gas phosphine, gradually making this
gas fess cifective than it once was (Taylor. 1989}, We arc
now aware that there are cven cases where apparently

secticides

natural tolerance 10 phosphine, such as shown by the storage
Psocoptera, is sufficienily great that some reconunended
practice does not guarantee complete control (Pike, 1991:
Ho and Winks, 1995},

Against this background. it is clear that practitioners of
commodity management witl have to continue to develop
strategies to limit losses caused by storage pests. However,
future technical developrments not only have to take into
account the need 10 limit grain losses. but also to respond to
the necds of the societies they intend 1o serve. In many
developing countries, but especially in Southeast Asia, there
15 a increasing awareness of quality issues so that the
prevention of losses requires that not only the weight of the
grain is conscrved bul also that there is little or no
contanination with inscct bodies and with cither no pesticide
residues or at least resilues within prescribed Jimiits. To
meel these demands vequires an appratsal of all the options
open te commosdily management; biological methods are one
of these options.

The Constraints

Grain sterage and marketing metheds

Unlike their more industrialised counterparts, most
developing countrics operate a wide range of storage systems
serving formal and tuformal markets. The influence and
relative importance of these has been changing in the wake
of grain literalisation programmnes across much of suby
saharan Alrica (Coulter and Complon. 1991) and other
places, although apparently not in the Republic of China.
The large national monopolies. that used to purchase grain
from farmers soon after harvest and supply it ‘cheaply to

urban cousuniers for the rest of the year, have lost much of

their cantrol so that now more grain remains on farin for
longer and is subject to price negotiation hetween farmer and
private trader. The main grain storage syslems are as
follows.
Subsisteace farmers’ stores

A large component of national storage rests with [armers
who mainlain grain on the farm not only for subsequent sale
hut also for their own food needs. Grain is stored in an array
of dilferen: containers such as simple open cribs, lofts,
woven haskets, jute bags, mud silas and even underground
pits The style of management for such stores is equally
varied. In some cases, reliance is ptaced on the durability of
the stored commuodity to preveni it from attack, such as
paddy rice with its lough sced coat or maize cobs with good
husk cover. In other cases, farmers walch their stocks
carefully, such as in South India, where, at the first sign of
insect atiack after the monsoon scason, they will redry
sorghum. Other farmers may protect grain for extended
periods by admixing ditute dust insccticides or by spraying
emulsifiable concentrates onto it, whercas others admix
iraditional grain  protectants derived {rom local
materials (Dales, 1996). [ndeed, farnicrs may use one or a
combination of these strategies and inchude fundanmenial

plant

hygiene measures such as removal of old storage residues at
the start of a new storage scason and careful selection of
stock to ensure carly consumption of poofer quality grain
which might otherwise deterforate rapidly. There is a wide
range of traditional storage mélhodologivs. which for the
most parl can keep storage losses within a range of 2 - 5%
provided grain is not stored for very long periods. The
challenge s to make the best use of the possibilities for
income generation offered by grain market liberalisation by
developing increased capacity [or longer-term storage. while
at the same time decreasing the need for insecticides and
fumigaits.
Nutional Central Storare

As the market-support role of state narketing-hoards has
been largely or completely lost, these organisations are now
more often responsible for national food security reserves.
Hovever. even this {unclion is declining, owing to the high
cost of holding stocks balanced against better forecasting of
potential food shortages and easier access to grain from
world markets. There is minimal silo storage, most grain
being kept in jute or polypropylene bags. For pest
matmgement. major reliance is placed on fumigation and
underiaken by trained

insecticide spraying. This is

personnel  and  sometimes by private  contraclors.
Occasionally, niwore sophisticated  techniques have been
adopted, such as sealed stack storage in Indonesia
{Nataradja and Hodges. 198%). The standards to which
these pest management aclivities are undertaken are highly-
variable. [n scaling-down national central storage therc has

been a tendency for the skifl-base to be depleted as trained
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staff disperse, for a loss of central control of pest
management operations, and [or a reluctance to maintain the
investment needed to support an efficient system.
Trader stoves

Trader storage is possibly the least well-known component
of the developing country slorage systent. It has received
little attention since its commercial orientalion has largely
excluded it from national programmes and development
projects funded by inter-governmental aid. 1t would appear
that although there arc some quite large-scale operators,
most traders have storcs of less than two hundred tonnes
capacity and that they hold grain in jute or polypropylenc
bags, and bulk storage is almost unknown. It is likely that
most traders have little or no formal training in grain
conservation, cmploy staff who do not have access to
suitable waining, and ii they do resort to pest control action
then they are frequently reliant on the support of private
pest contro] companies of uncertain compelence. However.
grain market liberalisation holds out considerable financial
opporuumilivs for traders. especially if they have the ability
to maintain stocks long enough 1o benefit from seasonal price
rises. Their ability 1o do this will depend on eficctive pest
management.  However, private traders generally have
neither the will nor resources to involve themselves wil
new developments that are unlikely 1o give the guick returns
needed from investments financed on capital borrowed at
high interest ratess

Greater biological activity and a poorly understood
ecosysteim

The more extreme climatic conditions experienced in the
tropies can resull in particularly rapid development of inscct
pest populations. Thus a high degree of vigitance is requived
to ensure safe storage. Most of the major pest species to be
controlled in tropical countries are the same as those lound
in locations with warm climates, having been spreart with
international trade. However, there are pests which are sull
fullilling their potential lo spread, such as Prostephanus
truncates in Africa ( Hodges. 1994) and the psocid
Lachesilla quevens in Avstralin {(Rees. 1994a). In many
cases. although the pest specics are known. there is little
knowledge of their interactions with each other and the
commodities they infest, There are moderate amounts of
iniormation on the aulecology and population biology of
major pests in the literature on tropical grain slorage
systems, but little on community ecology (Haines. 1995},
[t may not be clear whether ane or a range of species need to
be brought wunder controb and what might be the
consequences of applying specific biological intcrventions
against one species and leaving others unchecked. An
example of such complexitics has been revealed in a study of
psocid populations in tropical Queenslind where luniigation
wilh phosphine kills the nmjor storage pests including

Tribolizm cestaneum bul not the cggs of the psocids
Liposcelis eatomophile and  Liposcelis pueta.  After
fumigation there is rapid rcinfestation by the psocids and
populations reach cxeessive levels in the absence of
predation by T. castanewm (Roesli, 1996). The same
phenomenon, including the possible elimination of predatory
mites such as Cheyletus spp. (Haines, 1993), may account
for similar psocid problems elsewhere, particvlarly in
Indonesia {Santoso et al. , 1996). It is clear that there is a
wide range of possible pest and commodity interactions and
thit each needs to be well understood before appropriate
interventions, including biological methods. can  be
formulated.

Training and education

The implementation  of more  sophisticated  pest
management practices, which  may involve hiological
methods, requires a body of well trained staff capable of
making decisions in response 10 changing circumswances. As
noted above, in many countries this cadre is currently
dwindling as large-scale storage under central contral is
dismantled.

Resedrch effort and dissemination of informaiion

In order to implement hiological methods as componenis of
integrated pest management a critical mass’ of research 1s
necded. Judging by the number of prer reviewed scientific
papers, reported in the CABI  bibliographic  database.
developing countries have not neglected biological methods.
In the last six years. the database has recorded 64 papers on
this subject coming from 1+ countries (Tables 1 and 2},
Most cffort has been expended on predators and parasites,
although in some cases the research mayv have been focused
on storage pesls simply because they are convenient
laboratory animals. particulacly in the case of hruchid
heetles { Callosohruehus spp. ). Hovever. compared with
the vescarch  effort  expended on  well  established,
conventioital methods  of  pest  management such  as
fumigation and insccticide application. 127 papers from 12
countrics { Table 3 and 4). the priority given to biological
methods is still relatively low. In order [or the hiological
methods 1o achieve their Tull potential, the research effort in
this direction must be increased.

Besides the need for research, it is nnportant thal research
findings are communicated to those who need them, bath o
inform of the potential of new techniques and to [acilitate
exchange of ideas and information between those cngaged n
research. Effective cominhupicalion remains a constraint as many
researchers in developing  countries still work in relative
isolation. There is also o nced 1o close the mfornation gap
hetween the researchers who develop the ideas and these,
concerned with the problems and practicalitics of storage. who
are sceking technical solulions.
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Table 1. Number of scientific publications. by storage pest. relating to biological methods of pest control in developing

countries, retrieved trom the CABI Datahase January 1992 — January 1998

Pest F:::lj:;z/ I’heromone Pathogen Genetic EZZ:):IIC(: !2 IZL:I?:?[S
Proste phunis truncalvs 7 0 i 0 i 100 o
Rlvgzopertha dominica 3 0 2 0 5 23
Lusioderma serricorne 2 0 3 0 5 35
Sitophilus spp. (1 0 4 0 6 19
Callosobiruchns spp. 18 0 2 0 8 41
Tribolinm spp. 3 0 2 0 5 1G
Trogoderma granariam 2 0 0 N 24 40
Ephestie spp 1 0 7 1 2 3
Sttotrogu cercelello 1 i 2 0 4 7
Psocoptlera 1 a 0 0 I 50
Towals 44 1 18 [

* Number of developing-country papers en this species as & % of the total number werldwide recorded on the CABI database.

Table 2. Number of scientific publications. by country. relating to hiological methods of pest control in developing countries

retrieved from the CABI Database January 1992 — January [995.

Country No. public. Country

B Argentina - 2 P_Zg_\'pt
Bangladesh {7 India
l3razil 5 lracy
Burkina [aso L vexico
China 1 Niger

Cuha I Pakistan

No. public.

Country No. public.
S. Alrica 1
Togo H

Table 3. Number of scientific publications. by storage pest, relating to conventional methods of pest control in developing

countries retvieved from the CARI Database January 1992 — January 1998,

Number of Countries

Pest Furmigiation Insecticides
;Tnstephawus lruncutus 2 5
Rhyzopertha doniinica 4 10
Lastoderma serricorne 4 0
Sitophilus spp. 7 23
Callosolmruchus spp. 2 5
Trtholiunt spp. 6 33
Trogode rma yronarivn 7 2
Ephestia spp. 0 3
Sitotroge cerealelln 3 7
Psocoptera 3 1
Totals 38 ‘ 89

F N N s

[UCR N

% of papers globally”

100

28
38
(0

* Numbher of developing-country papers on this species as 3 % of the lotal number warldwide recorded on the CARI database
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Tahte 4. Number of scientific publications. by country,
relating to conventional methods of pest control in
developing counivies retrieved from the CABI
Datahase January 1992 — January 1998.

Country No. public. Country No. public.

Argentina ) Indonesia ]
Bangladesh 2 Malaysia 1
Brazil 21 Pakistan 28
China 2 Tanzanta g
Egypt B Togo 3
[ndia 4l Zimbahwe 8

The Prospects

Farm storage

For most small-scale farmers, storage has to be a very
cheap.  low-input  activity.  Nevertheless,
protection need not necessarily involve a very large increase
in costs. Dobie (1984) has given an illustrative example of
how traditional farm storage of miize (Figure 1) might be
improved through the integration of biological and other
means of storage protection {Figure 2). Two suggestions
for initiat improvemenis 1o the traditional svstem are the

inproved

choice of a maizé variety more resistant to insect pests and
the use of a drying crib . The drving crib cnables carlier
harvesting thus reducing deterioration on the plant. Alter
drying, tie grain is shelled and treated with pesticide it
storage is to be long-term. Alternatively, the grain could b
stored without pesticide (reatment in sealed containers. such
as metal hins or good-quality mud silos.

Farmers in (thana have moved some way towards these
improvements under the guidance of Sasakawa Global 2000,
including adoption of a drying erib, originally developed by
the International Institute of Tropical Agriculture (IITA}.
and treatment of the dried grain with pesticide. However,
farmers still do not have access lo malze with increased
resistance to posl-harvest damage. Although maize cultivars
have been screencd for such resistance for some years
{Dobie, 1974; Kossou et al. . 1993}, varieties are not vet
availnble to farmers that would reduce their problems with
post-harvest pests. Cuarrently, the International Centre for
Maize and Wheat [mprovement {CIMMYT) and [ITA are
both screening maize cultivars for resistance to post-harvest
pests and sources of resistance of varying degrees have been
identificd.  Similacly, cowpea cultivars are known  with
resistance either in the pods or in the pulse but have yet o
result in varieties available to farmers with both good
agronomic characteristics and  resistance  to bruchids
(Lienard and Seck. 1994). In the future. il may prove

possible 1o develop resistant varicties more rapidly. Gene

transfer techniques can oifer new opportunities and reduce
the cfforts involved in plant breeding. while more rapid
screening of cultivars for potential insect resistance should
be possible through the use of a biomonitor first developed in
the USA (Shade et al., 1990) and now undergoing further
development at NRI (Deverean, el al. in press). This
equipment detects the ultrasonic ernissions generaled by
insect feeding in individual grains. Resistant grains can be
identified rapidly as they are associated with reduced feeding
rales.

Other hiotechnical solutions may also have a role to play.
Pheromone traps for P. Lricacatus have so lar been used lo
detect the presence of the pest and monitor its populaiions in
research studies. However, it is possible that the traps could
be used to help extension services determine the visk of P.
trmencatas  infestation oceurring in particular situations.
This is of increasing importance as the pest appears to be
becoming more sporadic in its otcurrence in Africa. [t is
believed that initial host selection occurs by chance
{Hodyes, 1994; Scholz et al. , 1997} thus, the probabiliy
of miizc or dried cassava becoming infested depends npon
the flight activity levels of dispersing P. truncetus. A
study is currently underway in Ghana to lest whether flight
activity is the major factor determining the probahility that
undehusked maize cobs and cassava chips slored in open
barns become infested. If 1t proves possible to use traps to
predict when stores iy be at risk, then extension services
will know wien and where to target their efforts Lo control
the pest.

Pathogens are also being tested] as possible protectants of
farm-stored grain. The use of the enlomopathogenic fungus
Beowveria husstana against Prostephunus Brwacatus and
Situphilus zeamais is being investigated in Kenva. Several
strains of the fungus, capable of killing both species, have
been identifted. and a dissemination method for the spore is
being developed using vepetable fat pellets nupregnated with
the agoregation pheromone of P. Druncebus. High-dose
transfer has been achieved and work continues in order 1o
refine the technique.

African farm stores are frequently open  slructlures
allowing insccts lo migrate in and out of store; they are thus
potentially more favourable than. say, the bag stores used in
large-scale storage, for the application of classical biological
control (Markham et al., 1994). An example of a potential
control system appropriale to the farmer is given by the tiny
(vasp Uscana lwriopheye which is a voracious egg parasile
of the bruchid beetle Cellusobruchus maculutus. It has
heen suggested that a simple et bag, containing bruchid-
infested cowpeas and the parasite. with a mesh size lurye
cnough 1o allow the release of the parasite but small enough
to retain the bruchid. could be an ideal means of dispensing
the pacasite in farmers’ cowpea siores (Rees, 1994b). This
remains lo be tested.
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PREPARE
FOR PLANTING

Plant
maize 1

Growing
s52ason

CONSUMPTION
i

Is the
maize mature
and diy encugh
te harvest and
store?

Residual
—tw—| Inseclicide |
treatment

Yes

“Is
insect
conyrol needed
and is a suitable
insecticide
available

HARVEST ———

Fig.1. A conmon management patiern for the production and on [afin-stordge of maize in the wopics (from Dolie 1984) .

PREPARE ) COMNSUIMPTION

FOR PLANTING A
SEALED BIN
STORAGE

Y COMVENTIOMNAL
STORAGE

Isa

resistant
maize variety Is
avalabte?, bulk
slorage
feasible?,
Plant Flant
available resistant
variely variety i
[ Residual
% - insecticide
Growing B treatment
season 4
A Yes i

the maize
mature and dry
enough for storage
In a ventilated
crib?

Is insect
contral needed 2,

_‘
[ I
STORE IN bt SHELL
4> dropped
HARVEST I venmiLaTeD to belaw GRAIN
CRIB 15%7 Yes

Fig.2. A mddification of the management patter for the production and on-farin storage of 1aize in the tropics shovn in Figure
L, including aliernative options for pest control (from Tolie 1984).
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There is one example of the actual application of classical
biological control in farm storage: the relcase of the histerid
beetle T. arigrescens to control P. truncutus. The release
of this predator in \West Africa and speculation on its likely
effectiveness were considered in detail durtng the Canberra
Working Conference. Markham et al. (1994) pointed out
that it is by no means certain that T. rigrescens will reduce
losses caused by P. truncatus as, although it is long lived
and capable of locating its host by a kairomonal response to
the host aggregation pheromone. it develops only slowly and
has a low reproductive rate. Releases of the predator have
now been undertaken in Togo. Benin, Ghana, Kenya,
Matawi and Zambia. Impact studies have been completed n
Togo { Richter et al. . 1997) and Benin (Borgemeister et
al., 1998) where pest and predator populations have been
compared by abundance in store and associated grain losses
and by the numbers of both species engaged in dispersal as
measured by the catch in pheromone traps. In both cases,
there is some evidence that the predator is having a posilive
effect. In Ghana, impact assessment is in progress in 40
villages. in five clusters of release and non-release villages
(J. Compton, personal communication). The predator has
now spread even to now-release villages and a dechine in P.
truncutfus and rise in T. wigrescens is shown in about half
of the villages with no clear distinction between the release
and non-release villages. To date, evidence from on efficacy
of T. nigrescens iy tased largely on corrclations between
decline in P. trumcales numbers and rise in numbers of T
nigrescens. Thus. there is still some uncertainty as to
whether T. wigrescens is actually the cause of the observed
[all in P. fruncafus numbers or whether this results from
other natural means of population regulation that may come
into play once the pest has become well established ina new
habital. Whatever cvidence there is of its efficacy, T
nigrescens has already passed inlo [olklore as there is an
African children story extolling its predatory
{Farredl. 1998). And it is clear that further release
prograrumes. in new areas invaded by P. truncotus, will

virtues

be easy 1o justily as no negative impact has been ohserved,
the costs of rearing and releasing the predator are low and
once refeased it is capahle of sustaining and distributing
itsell without further human intervention.

Trader and central storage

Trader and large-scale central storage are likely to be
broadly similar with respect to the types of bhiological
appropriate to  their  pest  management
requirements.  Both typically use bag storage and Dobie
(1984 ) quotes an example of the integration of biological

methods into just such a system (Figure 3}, Conventionally,

metheds

the commadity 1s protected using an ntial fumigation on
arrival in store followed by residual insecticide treatment.
Thereafter, inspection by probe sampling warns of the nced
for further pest management action. Possible improvements
might be 10 use a pheromone or {ood-baited trapping system
to provide a more timely warning of pest attack ([Figure 4}.
Where pest attack is by beetles, then {unigation is likely to
be the most appropriate action if the commodity is to remain
in store for a considerable period. If attack is by moths.
then control might prove possible by use of pheromones for
mating disruption { Hodges et al.. 19%4. Hagstrum and
Davis. 1982: Mafra-Neto and Baker. 1996}, application of
formnulations of Bucillus thuringiensis or the release of
parasitic wasps.

The mass release of predators in stores in developing
countries would appear to be more acceptahle to consumers
than elsewhere in view of the generaily higher tolerance of
insects i the commodity. Successful mass release of the
patasite  Braecon  hebetor against the mwoths Ephestia
caretella and Plodia inlerpunclella has been achieved in a
sultana store in 5. Africa {Urban and Schinidt, 1993).
Traditionally, the control of these math and beetle pests was
achicved by using two fwmigations per season along with
routine surface spraying of stores with contact insecticide
and (requent space fogging. On a test hasts, it has proved
possible to limit fumigation to once a season to control
beetles, and o rely on mass release of £, hebetor 10
replace the use of surface sprays and space fogging [or moth
control. To manage this system. appropriate wraps were
used to monitor the populations of beetles. moths and
parasiles.

Natural hiological control, which places reliance on the
predators and parasites that would normally be found in
association  wialth  storage pests. may  also offer some
prospects. The mite Cheyletes maluccensis is known as n
predator of psocids { Haines, 1995) but is apparently more
susceptible to fumigants and residual insecticides than the
Adjustiment ol pest
regimes in favour of this mite may give more cost-eliective

psocids  themselves. minagement
control of the massive psocid infestations that are common in
the hunud tropics. One way forward has becn demonstrated
by investigation of the pesticide susceptibility of various
strains of a related predatory mite, Cheyletus erudilus. In
temperate countrics, it has been shown that it should be
possible to select a more pesticide-tolerant strain and
mtreduce this into stores where the pesticide regime is
adjusted to ensure that the predator can be un effective part
of an integrated pest management strategy against mile
pests { Zdarkova. 1994 and 1997). There mayv well be

potuential for a similar approach in tropical clinates.
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Sprgresidual

INTAKE pesticide

-] STORAG;[—

Fumigation + spray
residual pesticide

Periodic
inspection:
reinfested?

Is
treatment
necessary?

Yes

Fumigation + sprayl_ j’
residual pesticide

Fig.3. A comunon monagemncnt pattern, for the storage of s hagged commodity in a tuedivm or large warchouse. with
dependence vpon chemical pest control and conventional inspection methads (from Dobie, 1984, with modifications) .
w1 Fumigation
Yes 1
[ |
L
INTAKE —#=— STORAGE
needed? T
g
[——-—_ B —
L
‘}‘ No Nao
Periodic
Is inspection Is
treatment using traps baited _ treatment
- ——< with pheromones or y—® necessary?
necessary? :
other atiractants
Beetles present (e'g- lood) tMoths present
{but no beetles)
Y Yes
T ;ﬂ Treal surfaces
_— || with Bacillus
Fumigation [~ | thuringiensis
of release
parasitic wasps
Fig.4. Possible modifications to the management patiem for the storage of bagged grain in a inedivm or large warehouse shown

in Figure 3 (rom Dobie 1981 — with medifications) .

Whatever  pest techniques are to be
emploved. a key to teir success{ul use is effective and
timely actton by pest control staff. In many circumstances
the introduction of biological methods will increase Lhe
complexity of pest management to the extent that staff will
requirc  decision support aids 1o achieve good pest
management. Moves have already been made o develop
expert systems that can offer control of storage opcrations.

management

such as the Chinese version of the Aonstralian Pest Man
system which is operational in Szechuan, or ofler advice on
specific pest management problems as they occur in slores,
such as the fumigation. Decision Support System” developed
hv the Natural Resources Institute and BULOG for improving
the cost cificiency of [umigating milled rice in bag stores
(Hodges et al., 1996). Expert systems can also offer
simulations to be used for stall-tramming, such as the
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training, Work Bench' developed by the Australian Centre
for International Agricultural Resecarch and the Indonesian
National Logistics Agency (BULOG) (Longstaff, 1997; in
press). As a range of vontrol lechniques is integrated,
decision support systems can be developed further lo ensure
that cost effective stock protection is achieved.

Training, cducation and research

In view of the declining role of the old state-run grain
enterprises. which generated a body of staff trained in pest
management, new approaches are required to give those
working in the grain sector lhe chance to acquire the skitls
necded lo service their market as well as enable them to
adopt new approaches and ideas. An important initiative in
this respect has been launched by SADC { Southern African
Development Community) with support from the European
Union. A simple distance learning programme has been
preparcd by regional bodies. with technical support from the
Natural Resources Institute {NRI), for storage management
staff working for private grain traders. This programme witl
be available al low cost, about 20 US dollars/student,
through local (raining  establishments which  will he
responsible for tutoring and assessing students. 1l seems
likely that this basic course will be [ollowed hy more
advanced ones, akin 1o the annual diploma course in Grain
Storage Management currently run at NRL. Whilst this
might not advance the causce of hiological methods in pest
management directly. it will maintain the capability 1hat is
required for their application. Prospects are also imiproving
for the dissemination of information encouraging new
approaches aud lifting the isolation that swrounds many
researchers in developing countries. The UN Tood and
Agriculture Organisation has launched  the  Information
Network on Post Harvest Uperations { INPAQ) (hup: 7/
www. fa0. org/inpho) . which will grow in the years to come
1o enable on-line access to the latest development in post-
harvest research while the new on-linc magazine tiie new
Agriculturist” (hup: //www. new-agri. co. uk). which
specialises in agriculture in developing countrics, provides a
switable forum for addressing the issues on Lhat matter.
These developments should encourage more interest in
research and stimulate the trapsfer of funds from the
investigation of the well-known conventional methodologies
to more novel nppmaches-li‘mt tackle the environmental.
health and cfficacy issues that face the storage business,

A Possible Way Forward

The development and introduction of new methodologies
requires a critical mass of rescarch which ean only be
achieved il there is both a desire for change and sulficient
investment.  Such change could be driven by greater

competition and increasing middle class demand lor better

quality products. In Indonesia, the marketing of premium
grade rice through supermarkets has been a response (o such
demand. Providing goods to a quality-vonscious export
markel can also be an cffective stinulus and is particularly
evident in the market for horticultural products. However,
the institutions in the best position to [und and encourage
the development of better pest management systems were
the state markeling boards which are now in decline. Thus,
sources of support for pest managenment improvemenls are
unfortunately scarce. But they do exist, onc good example is
the UN Environmental Protection Programme which has
been encouraging proposals for the development of pest
management methods that can replace methyl bromide.
Tndeed the prospects for support may be improving as the
Technical Advisory Committee of the Consultative Group on
[nternational Agricultural Research has resolved that greater
weight should be given to the post-harvest parts of the
production-consumplion continuuni- (TAC, 1997). Where
local organisations wanl to explore the patential tor the
development of new post-harvest lechuologies, in
collabor:tion with an International Agriculural Research
Centre. then the costs of this could be miet through the small
grants fund offered by IDRC { International Development and
Research Centre, Canada).

Establishing the technical feasibility of hiological methods
is the province of researchiers and the options on olter will
depend largely on research activities in thosc countries
where there is sufficient investment by private and public
institutions. The same has been lrue with the development
of conventional insecticides and fumigants. Many of the
options [or hiological control methods have already been
identified: what is now required are attempts 1o adapt them
10 the needs of developing countries. For institutions
wishing to achieve iniprovements in pest management a
general framework, prepared with developing countries in
mind. s shown in Figure 5 (adapted from Hindmarsh and
McFarlane, 1983).
approach. The primary objective of any improvement has o

The way forward is a step-hy-step

he established in relation to the commodily and its market.
It is quite clear that this necds both techmical and socio-
economic appraisal (first two steps. Figure 5), thesc arc
well within the capability of the staff of acadensc and
To date.
there is no rigorous set of instructions on the bhest means to

technical institutions in developing countries.

approach this appraisal, although members of the Group for
Assistance on Systems relating to Grain After-harvest
(GASGA) are currently engaged in preparing guidelines for
post-harvest systems analysis which should prove helpful in
this respect {GASGA, 1996). Another approach could be to
use HACCE (Hazard Analvsis Critical Control Point) . this is
a structured svstem for identilying where interventions are
required to ensure that quality objectives are met (Knight
and McHale. 1996).
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IDENTIFICATION OF PEST PROBLEMS
{with ancillary research if necessary)

Y

ANALYSIS OF STORAGE SYSTEMS AND
MARKETING OBJECTIVES

1

Assistance from other

:

institutions concerned
with grain storage

Ve

IDENTIFICATION OF TECHNICAL OPTIONS 1
L(wiﬁw further analysis of factors affecting feasibility}

Stakeliolder participation

— -

:

———b—liTECHNICAL RECOMMENDATIONSLJL@‘

=
ADAPTIVE RESEARCH/DEMONSTRATION ]l |
AND PREUMINARY EVALUATION

¥

TRAINING AND EXTENSION T
{including management training if necessary)

—

!

FULL-SCALE IMPLEMENTATION AND MONITORING ’-B‘—J

Fig.5. A stepwise approach to the development of pest management mmprovements. Modified from Flindmarsh and McFarlane

(1u83).

The third step, identifying pust management ( technical)
options. is more difficult and in many cases would require
forging a link with one of several technical instilutions
around the world which offer grain-storage  advice.
However, hefore these options are proposed as changes to
the current system there shouild be stakcholder consultation.
Participatory methods have an important part to play here
and Boxall et al. (1997) have given some consideration of
how this might be achieved in relation to improvements in
farm grain storage. Simitar approaches would he equaily
relevant in larger-scale slorage systems. The ideal oulcome
would be wetl thought-out recommendations to test options
that meet the objectives of the slorage svstem through the
integration ol biological methods intwo pest management.
Indications of some possible technieal options were reviewed
in the section describing prospeets for biological methods.
However, possible identified.

whatever solutions  are

considerable adaptive rescarch may be required 1o enable
them to meet the needs of the pest complex,  storage
marketing  ohjectives  for 2
commodity. Actually implementing these recommendations,
in the form of adaptive research or a demonstration (Step 5)
coupled with an cvaluation, is likely w0 be a significant
hurdle sincc, in many cases, the only opportunities to
attract the necessary investment will be [rom exterpal
sources. If this step can be achieved. then a positive
outcome 1o the evaluation will lead to appropriateiraining fo'r

practice  and particular

staff and a successful implementation of the new technique
{Step 7).

It may sound as il progress toward pest management
innovations is complex and difficult. This may not always be
the case. External technical support and exlernal funding
are eertainly not prerequisites for the adoplion of new grain

Slorage technology in developing countries. A private
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enterprise in Zimbahwe, the Four Seasons Company, has
developed a scaled storage Sysiem flushed with carbon
dioxide for the preservation of its grain products. Such
initiatives may become increasingly common as old pest
control measures are regarded as ineflective and/or
environmentally  unacccptable, and improved  market
¢onditions provide incentives for change.
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