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FOREWARD
 

Following upon the successful First International 
Working Conference on Stored-Product Entomology in Savannah, 
Georgia, U.S.A. in 1974, a Second International Working Conference 
was held in Ibadan, Nigeria, from 10-16 September, 1978. The 

Second Conference which was sponsored by the National Science and 

Technology Development Agency of Nigeria (NSTDA) was hosted hy the 

University of lbadan, Ibadan, Nigeria. The meetings were held at 

the Conference Centre of the University of Ibadan. 
The Canferenco aimec at furlhering the primary objective 

of providing a curTinuing forum for the dlssemination and discus

sion of current research anc jevelopmonl neecs ard priorities In 

the field of store-proucts protection. lI also reviewed pro

gress made in resect of The urgent need rur a)ction on the provi

sion and preservaTion of food supplies for mankind called for in 

its October II, 1974, statemerT on "Preservation of Staple Food 

Stock fol lowin, 7ros.ct ion." These objectives were admirably 

achieved largely :y The efforts oT The Sy'posium and Panel Organ

isers: Prof. . . Cms,,ell,1 LKr. . . S:uxena, Dr. Jan 1H1.Boczek, 
Dr. B. 7. Char.p, Dr. F-. Davis, -r. " .:,rierin, Dr. J. 0. Oyeniran, 
to whom we express cur deep anpreciaTion. 

."'e
also vish to express our prufound appreciation to the
 

personnel of our irstituticns ans agencies, the Institute of
 

Agricultural Pesearsn ",Training (IAPT), university of Ife, the
 

Nigerian Storec Frocucts FKesearch Institute (SPRI), the Inter
national Insti ute of Tropical Acriculture (ilTA), and the Depart

ment of Agricultural Biology, jriversity cf Ibadan, who assisted
 

in the planning and execution of the Joference Our
activities. 

gratitude aoes to the commercial and publisins, houses and the 
chemical and other agro-alliecl inaustries I.hich provided finan

cial, technical, and moral support -to participants and partial
 

funding for the Conference; a list of end addresses of
-as our 

benefactors is given on the inside of The front cover of this 

Proceed ings. 
A total of 69 scientists, tecnnologists, administrators, 

and agricultural marketing specialists, from over 20 nations, 

participated in the symposia, panel presentations, and discus

sions. ",ore than 36 symposium and panel presentations and 20 
submitted papers provided for excellent scientific interaction In
 

stored-product entomology and technology. Special addresses were
 

delivered by the Acting Vice-Chancellor, Universily of Ibadan, the
 

Federal Director of Agriculture - or behalf of the Honourable
 

Federal Commissioner for Agriculture and Rural Development -, and 
the representative of the Executive Secretary of the National
 

Science and Technology Development Agency.
 
A second formal meeting of the Permanent Committee of
 

International Working Conferences on Stored Product Entomology was
 

held at the Institute of Agricultural Research & Training, Moor
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Plantation, on Thursday, 14 September, 1978, with the iollowing in
 
attendance:
 

Jan H. Boczek (Poland)
 
Moshe Calderon (Israel)
 
Dana P. Childs (U.S.A.) - Secretary
 
Robert Davis (U.S.A.) - Chairman
 
S. C. Saxena (India)
 
T. Ajibola Taylor (Nigeria)
 
P. F. Prevett (United Kingdom)
 
F. L. Watters (Canada)
 
H. J. Banks (Australia)
 

The meeting received reports on the first meeting and on
 
the organisation of the Second Conference. A draft constitution
 
for the Permanent Committee was adnpted and Drs. R. Davis and
 
Dana P. Childs were returned as the Committee's Chairman and
 
Secretary, respectively.
 

The Permanent Committee accepted the confirmed invita
tion from Dr. Jan H. Boczek (Poland) to hold the Third Working
 
Conference on Stored Product Entomology in Poland in 1982. This
 
acceptance was later ratified at an informal meeting of the
 
participants on Friday, 15 September, 1978, and we all look
 
forward to the Third Conference in Poland in 1982.
 

Finally, we would like to state that it was a distinct
 
pleasure and privilege to host the Second Conference. We believe
 
that the Conference has provided a valuable forum for leading
 
world authorities to meet and exchange scientific and technologi
cal Information on a subject of great significance to the world
 
food problem; it has also provided a unique opportunity for
 
exposure to and discussion of tropical and developing country
 
storage problems, current research, and future needs.
 

In the preparation of these Conference Proceedings, we
 
have adopted the uniform format and approach of the First Proceed
ings. We hope that this publication, as an extension of the
 
Conference, will enhance the flow of information and technology
 
necessary for greater impact of stored-product entomology on world
 
food economy.
 

The Organizers
 

G. H. Caswell, Ahmadu Bello Univ., Zaria
 
W. H. Boshoff, IITA, Ibadan
 
A. M. Daramola, University of Llorin (Sec.)
 
S. 0. Dina, NCRI, Ibadan
 
S. A. Adesuyi, NSPRI, Ibadan
 
S. R. Slngh, IITA, Ibadan
 
M. F. lvbljaro, Univ. of Ibadan
 
S. A. 0. Adeyemi, CRIN, Ibadan
 
T. Ajibola Taylor, IAR&T, Ibadan (Chairman)
 

iv 



OPENING CEREMONIES
 

The reDresentative 	of the Honourable
PROFESSOR T. A. TAYLOR: 

Commissioner for Agriculture and Rura! Devl*onnent, the actng
 

ladies and gentlemen,
Vice-Chancellor, cistinguished participants, 


it is -y Dleasure and privi lece to intr:duce our .u-ests for the
 

the Second International ,.orkin: Conference on
forra; o4nin 

of the ?rganisors, 	I wish toStored- rodacT Entc"'ology. "r behalf 

different
v.elcc".e: our collea-ues in Sorec:-Product Enoerology frot-v 

i ae ovr the role of 
oarts of ce :r. f ree, I 

i 
ause :_-t ac c-Cancel Ior of
,, '-.'i
the \-'ice- -nc, 
"'ri onr, .. is represent

-caoan: iorsit,' a-d t,-onouracK ,no 

-r:e-r.l ir-7ctor of , ',riclr: c : v.lcoming you'ere ',t 

'--, ,
?e b,ccJan and 'o 	! iceria.for.a Iv t o tr 

, -c "rnin 7, tce r-oreseTa yivecf the
u r -3 i -r 


-evcloDrent 
 of theonourable -7c-,iscrer r icultr.- ani Lral 


. :a .ilI -te apoloc e ocf the
C..
ederat u '. ,.r 
."5i r3r, . , ir- r~ssi:.-: t-1-e du-ies, is un-onoura.- rle 

e t'-, e r Intern-ticnal .*Orkinc,able to ce 1 n-arson TO 
h isConfer--o ee'c '--ree,:: - r .... "le i 

-e Federal Director 	of
sitti " , " ....eoiae ricnt .: s 


3a:1lo" ancn a>::Tcres in c-Trace Techno-~rc..lTure cas ' 
lo:'/ ar7 i T"ir i i s ver',, aEorc: r DT 'e Id represent
 

-,r next -uest and
th ee r e Cav,rissicnr at T is s-,'n i':. 
ace lor of thehost, and 6e .,ears 	-..,o ca-, i e i 

v.o I U Cr,i r i n,-, the essentialJnivarsiT/ :f :aa, 

Adec ie, the
faci lities f:r +:-is Ccnrer ce, i1.z Frfe r 

n. iKc - I i 	 - left. Thircly, and -ean of rricul: 	re; 
. A. is unavoidunfortunately, te xectl" ecrut r S T 

ne "as ''s arriv frr a triOs abroadably absenT. i a-	tcld 
hce re in cerso,
nave.i re
yesterday anc 'cs 	 as he ou I .. o 

ne cc," 0,ro,.'.r. .!e haveDeroner,
he is unable to a;ten 
n, as representingJ. --. Oui, "',h is sitir; next t-' Lir-I' 

one cf t ,-),aior ss:onsors of this Conference.the '. S. T. r_.A. as 

Dr. . A. esuvi, actina m irector of the
Next to 'Ir. Os is 


Institute.
'lizerian Stored-Products -o.esearsh 

,,ho ,'as Cnairran ofOn my extrere left 	is Dr. Pobert Davis, 

,'orini Conference on Stored-Productthe First International 

the Permanent Comrrittee of Inter-
Entomology and is Thair-an of 


He is

national .'r'inc 	Conferences on ctored-Fro:uct Ertorrology. 


baton to me for this Conferonce in 'i7eria, but
handin cver t'me 

rigchtly referred 	to as the father the International
he can be 

Working Conferences on Stored-Product Entornolog'y because it was as 

a result of his initiative, his imarination and drive that the
 

.. in Savannah,
,as held
first International '.'orking Conference 


Cn that occasion, the Stored-Product Insects
Georgia, in 1974. 


Research and Development Laboratory, USDA, was host and organised
 
is a great pleasure
the first Working Conference. Therefore, it 
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to see him continuing not only as the Chairman of the Permanent
 
Committee of the liternational Working Conferences on Stored-

Product Entomology, but to be present on this occasion when Nigeria
 
is playing host to the Second International Working Conference on
 
Stored-Product Entomology. I now have the pleasure to call on the
 
acting Vice-Chancekkor of the University of Ibadan to deliver his
 
welcome address.
 

PROFESSOR N. 0. ADEDIPE (acting Vice-Chancellor): Thank you very
 
much Mr. Chairman. I am stm.ding in for tho Vice-Chancel lor, who
 
is unavoidably absent due to previous commitments since he is now
 
outside Ibadan. May I therefore -n nis behalf welcome you all to
 
this International Conference. The Honourable Commissioner for
 
Agriculture and Rural Develonment. the Honourable Commissioner for
 
Agriculture Oyo State, the Executive Secretary V. S. T. D. A.,
 
eminent entomologists and scientists, ladies and gentlemen, I have
 
the pleasure to elcome vou all on behalf of tne University 
community to 'ienia and particularly to the University of Ibadan 
campus. I learnt that the first Conference of your organisation
 
took place in Savrnnah, Georgia, i.S.A., four years aco, and that 
the Uni 'ersity of Ibadan is hapoy to host the Second International 
Workincq Conference on Stored-Product Entcmolo-,,. The very import
ant role of entomologists ws biologists '..,!h concentrate most of 
their efforts on the boundless limits of the insect world in the 
production of food and supply to mankind cannot be overemDasised. 

Insects as the '-ost biolocilcal ly successful animals in terms 
of their larme numbers, abi Iity to survive and to reproduce under 
varying environmental conditions, and also 70 occupy almost every 
ecological niche, constitute one of the m-,ajor constraints to 
agricultural production throughout the wor'd. Insect pests are the 
greatest competitors of men for food and their devastating effects 
both in the field and in the storage are veT I pronounced in the 
tropical and subtropical regions where the :,h,,'sical factors of the 
environment favour their development and activities almost all the 
year. Food and food products, especial ly crains, legumes, dried 
fish and other animal and forest products are stored for a number 
of reasons as you all well know. These include the seasonality of 
cropsand the fluctuation of market prices, bu-' most of the present 
farmers in the third world store part of their harvest primarily 
for consumption during the period of scarcity. I am informed that 
about 40-60% losses have been recorded in many parts of this 
country for such crops as maize, guinea corn and cowea within six 
months of storage. These grains and legumes constitute the major 
source of carbohydrates and protein to the teeming population of 
this country. 

Many of our cash crops like cocoa, groundnuts and kolanuts on
 
which this country depended for a long time for economic develop
ment and take-off also suffer heavy losses from insect pests. Our
 
experiences in the last couple of years from instability and uncer
tainties surrounding all revenues have shown that agricultural
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products are the most reliable sources of foreign exchange earnings.
 
However, one notes with pleasure and with a feeling of hope that
 
your Conference is holding at this point in time when the various
 
governments of the developing countries are making frantic efforts
 
to increase food production. The N. A. F. P. P. and the 0. F. N.
 
are some ol the efforts of the Federal .MilitaryGovernment of 
Nigeria at Khe national level to encourage increased food 
production. 

The problem of storage 'herefore requies serious atlention 
by s'oren-product entomologist, microbiologists and encineers in 
order to minimise The losses in storaqe. It is mry belief tht you 

,-would use your knowled and wealth of exacrience to formulate
 
effective and efficient controls against the storage pests under
 
the trocical and suttropical conditions, b.aring in mind espec
ial ly the limitations cf nost of our 7resent day farmers which 
include il literacy, novert' ant total lack of rodorn technology. 
I like to say at his juncture that this University is very proud 
of the acti, ity of its Faculty of Agriculture and Forestry with
 
reference +o its contribution to the development of Agriculture
 
in this country anc .articularly the Department of Agriculture
 
Biology in which Ertomology is one major component.
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Notice to Participants
 

This Proceedings contains the papers presented at the
 

Conference and provided to the Permanent Committee for publica

tion. Every effort has been made to reproduce these papers as
 

they were received. Unfortunately many papers submitted were
 

carbon copies or photo copies of the originals and errors may have
 

inadvertently been made. Also, many of the tables, figures, and
 

half-tones were not of the desired quality for camera-ready
 

printing. The editor will provide an errata sheet for mailing to
 

all recipients of the Proceedings if the authors corrections are
 

received within a reasonable period of time following the distri

bution of the Proceedings. Because of the Permanent Committee's
 

financial position it will not be possible to include tables,
 

figures, and half-tones in the errata page. Separates of the
 

'roceedings will not be available but authors desiring separates
 

may produce ;"hem locally at their own expense.
 

Robert Davis
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SYMPOSIUM ON TROPICAL STORED-PRODUCT ENTOMOLOGY
 

Convener - PROFESSOR G. H. CASWELL
 
Institute of Agricultural Research
 

Ahmadu Bello University
 
Zaria, NIGERIA
 



THE IDENTIFICATIOfl OF SEASON AND PLACE OF MAXIMUM GRAIN LOSS
 

G. H. CASWELL
 
Institute for Agricultural Research
 

Ahmadu Bello University 
Zaria, NIGERIA
 

INTRODUCTION: It is very easy to devote time and effort to the 

most spectacular source of train loss or to a period or place 

which is particularly interestin,7. But this may not be where most 

loss 	occurs or where time and effort can most arofitably be spent. 
I shall look very briefly at a hypothetical situation which 

could exist in the tropics and see if it is nossible to identify 
when and .here control "easures could be a-aD ied most effectively. 

SEAS.: us that is arainCONSIDERING ,E Let assume there a crop 
of two mill ion tonnes harvested in October and all consumed by the 
end of the followin- September. It is also assumed that consump
tion is uniform throughout the year and that loss through insect 

damage continues at a steady rate of 55 per 'c;th. As a rough 
approxirna+ion it is also assumed that hen 5"of the 7rains have 

been dar'maged cf the ,.,,I I have lost. results0." Jroduce be-en The 
of these assumptiDns is ,i ven in the ta'le- beIc. 

It ...ill be seen that nalf the total loss has already taken 
place by Januar, sho,..,in very clearly the irr,ortance of early 
application of control measures. It v.i l also be teen that the 
total loss is 64,C00 tonnes v.hich is a little over 32 of the total 
production. This is a cood deal less tihan !,iht have been expected. 

COISIDERIHG THE LOCATION OF THE GRAIN: Initial ly grain isstored 
by the farmer. He has several thousand years of experience, trial 

and error to support the methods he uses. It is unlikely that 

those of us v,,ho are unfari liar with his ay of life and the re
sources at his disposal vI Ilbe able to improve on what the best 
farmers do. We can best serve the farmino community by learning 
from the best of them and encouraging the others to improve. Here 

and there innovation arising out of modern knowledge may occasion

ally be introduced. For the most part it will cost too much and 
the necessary raterial will not be reali l' available. 

A hundred years ago our hypothetical state had two million 

people living in it and all but a few chiefs crew their own food. 

There would have been some exchanage of produce between one area 

and another but no large scale marketing organisation. low.j our 
state has five million people and only three million are farming,
 

the rest live in towns and cities and have to be fed. This is a
 

profitable occupation for many people. Grain is bought from the
 
farmers and passed through the hands of four or five traders until
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TABLE I. 	Hypothetical seasonal loss of grain when production is
 
two million tonnes.
 

Month Stock Damage Loss per month Cumulative loss
 
(,000 tones) % (,000 tonnes) (,000 tones)
 

Oct. 2,000 5 10.0 10.0 
Nov. 1,833 10 9.1 19.1 
Dec. 1,667 15 8.3 27.4 
Jan. 1,500 20 7.5 34.9 
Feb. 1,333 25 6.6 41.5 
Mar. 1,167 30 5.8 47.3 
Apr. 1,000 35 5.0 52.3 
May 833 40 4.2 56.5 
Jun. 667 45 3.3 59.8 
Jul. 500 50 2.5 62.3 
Aug. 333 55 1.7 64.0 
Sep. 167 60 0.8 64.8 

it reaches an urban centre where it remains until bought by the 
consumer. Each trader rillI keep it for as short a time as poss
ible because he needs to make a profit and recover his investment 
to use again. He will try to anticipate the demands of the urban 
centres and not buy more than can be sold but inevitably grain will
 
accumulate and n&,., grain coming in %.rill be better than that ,which
 
has been there for some weeks and is likely to be sold first or at
 
a hiiher price. So ,irain stocks wi I I build up in these centres 
and therew ill be larce pest DoDulations. Traders and storekeepers 
hope to sel I their stock for a good price tomorrow and so will be 
reluctant to spend money on control today. "iere is a new situation 
in which there is notraditionand little cx:)erience. The success
ful traders are likely to leave the business for more reliable 
sources of income as soon as they have accumulated enough capital 
and their 	places will be taken by newcomers with no experience. 
This is an area where great losses can occur and where investica
tion may not be welcome.
 

The next stae is the consumer who sees good quality produce
 
at 'he beginning of the season at a price w.'hich is bound to go up 
later. Tnere is a qreat temptation to buy a stock of grain while 
It is cheap and keep it at home for later use. Rodents, insects 
and water will certainly cause much damage and after six months 
in a room in a compound [he grain could be much worse than that 
being offered in the local market and the saving could be complete
ly lost. This is another area where there is little or no exper
ience and where substantial losses occur. Fortunately these people 
welcome advice and can be reached through the media, however they
 
are mostly -the "middle class" and higher priority may be given to
 
helping those who are destitute or near it.
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Finally the state will intervene and set up stores of grain
 
to act as a buffer for price control, as a famine reserve and to
 
hold stocks for export. This is an area where modern techniques
 
can be used. Suitable methods and structures are well known and
 
training is available for staff to operate the stores. It is a
 
question of selecting the methods most suited to the situation
 
and then ensuring efficient operation.
 

TO SUMMARISE: At the farmers' level there is a need to study what 
he does and extend the best techniques to others. The urban stores
 
and markets are likely to be the most profitable areas for reducing
 
grain loss but also the most difficult to deal with. Advice can be
 
given to the consumer and will be welcomed by him. The most suit
able methods need to be chosen for state stores and training pro
vided f:r the personnel to run them.
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TRADITIONAL PRACTICES AS A BASIS FOR THE IMPROVEMENT OF
 
ON-FARM STORED PRODUCT PRESERVATION INTROPICAL AFRICA
 

W. H. BOSHOFF
 
FAO/Danida African Rural Storage Centre
 

International Institute of Tropical Agriculture
 
Ibadan, NIGERIA
 

INTRODUCTION: Many examples exist of novel storage methods and
 
structures that have been advocated for on-farm grain storage.
 
The basic aim Inmost cases appears to have been to Introduce
 
dramatic Improvements over the traditional systems, relying on
 
the use of such Inputs as metal drums and silos, concrete silos,
 
plastic bags, Insecticides, and the use of mechanical driers.
 

There are virtually no examples where such novel intro
ductions have succeeded In being universally accepted by the
 
majority of growers. In fact, adoption usually comes to an
 
abrupt stop the moment the extension efforts of the initiators
 
are removed.
 

Almost invariably, failures can be traced to Ignoring
 
the fact that traditional practices are based on many years of
 
experience by farmers. The techniques adopted thus fully take
 
into consideration such factors as the effect of climate, avail
ability of bought inputs, limitations In technical and managerial
 
skills, and a host of soclo-economic constraints which are not
 
Immediately evident to the newcomer on the scene.
 

Inother instances, proposed Improvements have contained
 
distinct technical and practical weaknesses, which, through
 
Inadeqate prior evaluation, had not been revealed before
 
encouraging farmers to adopt It.
 

An appreciation of the need for studying traditional
 
practices and for the development of improvements based on them
 
and with actual farmer participation Is becoming increasingly
 
recognized (I,2).
 

The current paper underlines this need by relating some
 
experiences associated with, respectively, humid and dry zones,
 
and suggesting possible future approaches to the problem.
 

DRYING OF GRAIN CROPS IN HUMID ZONES: In humid zones InWest
 
Africa there is a blmodal rainfall pattern. Inthese areas
 
when a major crop Is a grain, such as maize, it ripens largely
 
during periods of Intensely humid conditions. To the casual
 
observer, the drying of the crop under these conditions would
 
seem possible only through the use of some form of artificial means.
 
As a result, many attempts have been made to provide mechanical
 
drying and related bulk silo storage facilities at strategic
 
centres, where small producers can have their maize dried, shelled,
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and stored. These have not succeeded, largely as unavoidable
 
delays between harvesting of the crop and ultimate drying
 
regularly results In heavy losses and deterioration of the crops,
 
notably through fungal attack. This system is of course feasible
 
on large scale farms, where the harvest rate and drying capacity
 
can be matched, but is impossible to achieve when the supply of
 
material is provided Intermittently by numerous small producers.
 

A study of 	traditional practices for maize In the humid
 
tropics will reveal a significant appreciation by farmers that
 
In spite of intense relative humidity conditions, the crop will
 
nevertheless lose moisture under natural conditions after ripen-

Ing at 35% moisture content. This is borne out In Figure 1,
 
where it will be noticed that the equilibrium moisture content of
 
the crop Is in the order of 16% even if the daily mean relative
 
humidity reaches 85%, which Is the level attained In highly humid
 
conditions.
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FIGURE 1,.	Equilibrium moisture content of common grain crops in
 
relation to atmospheric mean daily relative humidity
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Farmers also appreciate that the loss of moisture will
 
be slow, but the crop would be quite safe from fungal attack,
 
providing it Is kept In an environment allowing the free circula
tion of air around it.
 

This Is reflected In the traditional practices, where
 
maize cobs undehusked, and thus partially protected from insects,
 
are suspended in trees, on poles and In rocfs of domestic houses.
 
In slightly more advanced cases, maize cobs are heaped on plat
forms under which periodic fires are lit to somewhat speed up the
 
drying and to repel insects.
 

As the scale of production Increases, especially when
 
commercial levels of production are aimed at, these techniques
 
become rather limiting and the tendency is to leave the crop un
harvested in the field until it reaches a moisture content of
 
around 18-20% and to then place it in simple round structures
 
having slatted walls or similar means to allow for the free
 
passage of air through the undehusked cobs.
 

The period of field drying exposes the crop to many
 
hazards, and field losses are inevitable. The opportunities for
 
using the land for a second crop in the same year are also
 
reduced and often nullified.
 

In examining the scope for natural drying under highly
 
humid conditions (3), it has been established that dehusked maize
 
cobs, harvested at over 35% moisture content (soon after ripening)
 
will dry equally well without the danger of fungal infection pro
vided it is placed in very ventilated conditions. Such conditions
 
can be achieved in cribs with an appropriate width, ranging from
 
60 cm In extremely humid conditions, to 150 cm under more moderate
 
conditions.
 

Attempts to introduce the crib concept to farmers has
 
been only moderately successful, largely as the structures
 
initially recommended were based on construction materials that
 
were costly and seldom readily available. An evaluation of these
 
cribs with farmer participation would have revealed this short
coming much earlier.
 

In more recent times, cribs based on the use of exactly
 
the same home-grown materials that are traditionally available
 
have been developed and are being evaluated on farms. Some
 
resistance to the concept of a rectangular structure, rather than
 
the traditional round structure, Is being encountered. Although
 
much more material is required to build a number of small diameter
 
round structures to hold the same volume of cobs as would a
 
rectangular one, the Innovators may have to succumb to popular

opinion and give equal stress to round and rectangular structures
 
Initially.
 

The control of insects In cribs, although somewhat
 
reduced by really early harvesting of crops grown for commercial
 
purposes, remains an Important problem. Effective and easily
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applied insecticides are being produced for application to dehusked
 
cobs, but their general use thus far is restricted primarily by a
 
lack of efficient supply lines to farmers. For the time being

farmers who have no access to such inputs have 
little alternative
 
choice but to accept losses in weight ir.the order of 5% to 8%
 
over a 3-month drying period for untreated dehusked cobs In cribs
 
and to shell and dispose of the crop at this stage to agencies In
 
the marketing chain, which have access to 
and are better able to
 
carry out insect control measures.
 

It is significant to note that the storage of shelled
 
grain in solid walled structures in very humid conditions Is not
 
traditionally practiced. It implies that farmers are aware 
and
 
unable to cope with the many pitfalls that this technique holds,
 
in humid zones. These are primarily problems relating to getting

the grain dry enough for bulk storage, the shading of the structure
 
to avoid undue temperature fluctuations and hence condensation,
 
and of course the control of insects.
 

STORAGE IN DRY ZONES: In zones where a distinct dry season
 
follows the ripening of the crops, usually associated with mono-
modal rainfall patterns, the drying of the crop Is seldom a
 
problem.
 

The dominant grain crops in these areas are sorghum and
 
millet, which are traditionally ->-ored on the farm in the
 
unthreshed form, in solid walled traditional mud structures (4).
 

On the whole, damage ard losses by insects are Insig
nificant for the first part of the storage period, due to ftvz ur
ably dry conditions. As the new rainy season commences, some 5
 
to 6 months after the harvest, damage due to moths becomes
 
noticeable.
 

Storage of the crops in the threshed form can reduce the
 
extent of moth damage, but many of the mud walled traditional
 
structures are not sufficiently strong to withstand the extra
 
stresses Imposed by the higher density material.
 

A more substantially walled structure would seem to be
 
an Improvement worth considering, more especially If It could be
 
damp proof, air tight, and rat proof.
 

Many excellent examples of novel developments of such
 
Improved silos are available. They depend almost exclusviely on
 
the use of one or more bought Input, such as cement, wire netting,

and galvanized iron sheeting. Few have generally been adopted,
 
suggesting that a modification, much closer in material specifi
cation and cost, to the traditional may yet have to be developed.
 

In fact, many existing traditional structures already
 
come close to the Ideal specifications and a valuable starting
 
point for improvement is obviously to encourage the less en
lightened farmers to adopt the techniques of the better Informed
 
In the region.
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CONCLUSIONS: A superficial look at traditional practices for the
 
preservation of stored products will reveal many obvious weak
 
elements In the system which could potentially be ellmlnated by
 
alternative practices.
 

However, when attempting tq persuade farmers to adopt
 
alternative practices and techniques, the reaction is seldom
 
positive. A closer examination of the reasons behind this reveals
 
many constraints which the Innovators do fully take Into account.
 
Among the more obvious are factors such as the cost of the Im
provements and more especially the availability of bought Inputs.
 
The more subtle sociological and managerial factors are even less
 
readily Identifiable.
 

As a starting point for improvement, a thorough knowl
edge of traditional practices and reasons for them are essential.
 
The encouragement oF the less enlightened farmers to adopt the
 
techniques of the better informed within a society can often
 
result In notable improvements in the short run.
 

More elaborate modifications, Including novel intro
ductions should evolve, rather than be imposed, on farmers, and
 
this can only be achieved by developing such Innovations with
 
actual farmer participation.
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INSECT PROBLEMS IN 	STORAGE AND CONTROL TECHNIQUES UNDER
 
INDIAN CONDITIONS
 

G. K. GIRISH
 
Deputy Commissioner (Storage and Research)
 
Government of India, Department of Food
 

Krishi 	Bhavan, New Delhi-llO 001
 
INDIA
 

(This paper has been published elsewhere and Ispresented as an
 
abstract for 	Informational purposes. Those interested should
 
contact the author 	for additional Information.)
 

ABSTRACT: Nearly one thousand species of insects have been found
 
associated with stored products invarious parts of the world.
 
The majority 	of the insect pests belong to the order Coleoptera
 
and Lepidoptera, which accounts for about 6G, and 8-9% respectively
 
of the total 	number of species of stored product insect pests.
 

Under Indian 	conditions the most important insect pests

of stored grain are Sitophius oryzae Linn. (rice weevil),
Rhizopertha dominica Fab. (borer beetle), Trogoderma gcanarium 
Everts (khapra beetle), Sitotroga ce2'ealella 01 ivier (grain moth),
Corcyra cephalonica Staint. (rice moth), Ephestia (Cadr~a) cautelia 
Water. (fig or almond moth), Callosobnchuzs maculatus Linn. (pulse 
beetle), Tribolium castaneum Herbst (rust red flour beetle), 
Orzaephilus szLrncanensis Linn. (sawtoothed grain beetle), 
Latheticus ory.ae Water. (Ionqheadmd) flour beetle), and Plodia 
interpunctella HUbner (meal worm moth). 

Out of the various stored product insects, eleven species

of insect are mainly responsible for damaging stored food grains/
 
milled product/pulses, etc. under Indian conditions.
 

The role of various environmental factors, viz. tempera
ture, relative humidity of the environment, moisture content of
 
the grain, food, etc. which affect the rate of metabolism, growth,
 
development, reproduction, general behaviour, and distribution of
 
the stored product insects have been described in the paper.
 

Various technologies of insect control, viz. (I)Hygiene

Technology, (2)Hermetic Technology, (3)Mechanical Technology,
 
(4)Physical 	Technology (a)Drying of Grain (b)Heat Treatment
 
(c)Cold Treatment (d)Use of Radiant Energy (e)Use of Ultra
violet Light and X-rays (f)Use of Aeration (g)Atomic Energy
 
(h)Mixing of Inert Dusts (i)Use of Centrifugal Force (5)Chemi
cal Technology (i)Surface Treatment (ii)Dusts (ill) Fumiga
tion, (6)Biological Technology, which have been employed for
 
minimizing insect activities have been described.
 

Forty-three references have been cited inthe-paper

which Illustrate the work of the author on Insect problems In
 
storage and control techniques under Indian conditions.
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THE ROLE OF THE NIGERIAN STORED PRODUCTS RESEARCH
 
INSTITUTE IN STORAGE AND PROTECTION OF
 

TROPICAL PRODUCTS
 

S.A. ADESUYI
 
Nigerian Stored Products Research Institute
 

P.M.B. 12543, Lagos, NIGERIA
 

INTRODUCTION: Research into storage of agricultural products in
 
Nigeria started in 1948 when a survey team was sent to Nigeria
 
financed from Colonial Development and Welfare funds. The terms
 
of reference were: (a)To survey stored food produce inthe West
 
African Colonies. (b) Losses and deterioration due to insects
 
and other causes were to be studied and recommendations made for
 
reducing them. (c) The bionomics of the main infesting pests
 
were to be worked out. The West African Pest Infestation Survey
 
Team (W.A.P.I.S.) Reported in 1950 and recomricnded a continuation
 
and extension of research into the conservation of food supplies
 
and methods of quality improvement. This was arranged and the
 
name of the organisation was slightly changed to West African Pest 
Infestation Research Unit (W.A.P.I.R.U.). In 1954, the Unit was
 
made permanent and funded entirely from Iineria. The name was
 
modified to West African Stored Products Research Unit (W.A.S.P.R.U.)
 
thereby widening the scope of research to stored products general
 
rather than infestation only.
 

For a long time, the work was oriented towards export
 
crops with little work on locally used foods. The name Nigerian
 
Stored Products Research Institute was adopted in 1963,
 

The Institute's work isexpected to cover the whole of
 
Nigeria. Indoing this tne Institute established branches inthe
 
main climatic zones of Nigeria which cover the very humid tropical
 
areas of Southern Nigeria to the dry Northern Sahelian Zones. Pur
pose designed laboratories in Ibadan and Kano were occupied in
 
1957 while the Port Harcourt laboratory was opened in 1958. The
 
Headquarters is at Lagos and a relatively new branch is located
 
at Sapele.
 

Lagos, Port Harcourt and Sapele cater for the Port stor
age and very high humid zones of the country, Ibadan for the high
 
humid zones and Kano for the low humid areas.
 

TERMS OF REFERENCE: The Decree establishing the Institute stipu
lates that itshall carry out Research into bulk storage problems
 
of export commodities and local food crops, and in particular It
 
shall conduct research into: (a) improvement and maintenance of
 
the quality of bulk of export commodity crops including cocoa,
 
groundnuts, palm produce i.e. (kernel and oil). (b) improvement
 
and maintenance of the quality of local food crops including
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cereals, pulses, tubers and any other local commodity under bulk
 
storage. (c) Special studies such as stored product pests, pest
icide formulations and residues, and mycotoxin surveys. (d) pro
vision of advice and training of extension workers in problems
 

associated with stored products and materials used in storage and
 

pest control including storage structure, new insecticides, new
 

items of equipment and new techniques; and (e) any other related
 

matters as may be determined from time to time by the National
 

Science and Technology Development Agency.
 

MODUS OPERANDI OF THE INSTITUTE: As stated earlier, the Institute
 

has branches covering al I the cl imatic zones in Nigeria because
 

storage problems are more related to climatic zones than any other
 

parameter.
 
Investigations are carried out on all the crops enumera

ted above to find the causes of deterioration during harvesting,
 

handling and storage with a view to evolving economically sound
 

methods for reducing or eliminating the substantial losses to
 

which harvested crops are prone under tropical conditions. The
 

different disciplines involved are entomology, microbiology, and
 

chemistry, zoology (rodents mainly), storage physiology and stor

age engineering. An interdisciplinary approach is employed in
 

investigating the storage problems. Also, priority is given to
 

most pressing or urgent problems.
 
From the beginning of the work on stored products, much
 

emphasis was laid on practical demonstration. From 1956, an An

nual Report was issued giving brief accounts of the research work
 
Reand other activities of the Institute but in 1960 the Annual 


port was expanded to include more detailed reports of research.
 

This system continued with reprints of technical reports being
 

made available for distribution. In all 265 technical reports
 

have been printed together with 	46 in other Journals.
 

Research into Stored Product Entomology has followed the
 

following procedure over the years: (a) Work starts with the
 

survey of insect pests of the commodities. They are identified
 

and classified into order of importance in relation to such com

modiTies.
 
(b) 	The biology and ecology of the important pests on
 

idea of when they can
each commodity are studied. This gives an 


be present and at what time to apply control or preventive meas

ures in storage.
 
(c) Studies are carried out on insecticides that can be
 

used to control the insect infestation. This starts with labor

atory trials and if Tound promising, followed by large scale
 

trials In the field or stores or in silos.
 
(d) When the facilities are available or In liaison
 

with other research organisations insecticide residues from the
 

large scale trials are analysed. This is to follow the rate of
 

breakdown to permissible residue levels.
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(e) The effect of the insecticides or conditions of
 
storage on the food constituents, and other parameters such as
 
viability and organoleptic acceptance etc. is studied.
 

(f) After all these studies have been satisfactorily
 
carried out, recommendations on Insect pest control measures are
 
made.
 

The highlights of our research results can be found in
 
our Annual reports referred to earlier.
 

TRANSFER OF INSTITUTE TECHNOLOGY TO USERS: The past and present
 
systems in use on storage and pest control on groundnuts and cocoa
 
are based on N.S.P.R.I.'s advice exclusively, supported by ongoing
 
training of Produce Inspection and Pest Control personnel given
 
by N.S.P.R.I. at the request of state Authorities concerned. The
 
training includes practical demonstrations and courses in storage
 
technology primarily for workers involved in pest control in both
 
private and public sectors. No treatment is allowed other than
 
those recommended by N.S.P.R.I. All the the Federal and state
 
pest control teams were set up by N.S.P.R.I. Grain Storage at
 
state level is carried out in warehouses and the Produce Inspec
tion Divisions are charged with the quality control responsibili
ties. All storage and pest control recommendations are made by
 
the Institute. Assistance with storage problems is also given to
 
the National Grain Production Company. Farmers and Village Com
munities in the five South-Western States are storing maize, using
 
a method recommended by N.S.P.R.I.
 

SPECIFIC RESEARCH RESULTS THAT HAVE BEEN APPLIED ARRANGED ACCORDING 
TO COMODITY AND IN CHRONOLOGICAL ORDER: 
1. Groundnuts:
 

Year Production
 
T6 The use of Sizalkraft paper for dunnage to replace husks
 

was extended and it was shown that its universal use on
 
the plinth of groundnut pyramids saved 50,000 per annum
 
in the form of improved quality compared with use of
 
husks.
 

1957 	 Malathion was introduced as spray for groundnut pyramids
 
and proved more effective than Lindane.
 

1961 	 Malathion was dropped for use on groundnut pyramids be
cause of resistance by Triboliwn castaneum, the major
 
pest.
 

1963 	 The shape of groundnut pyramid was changed to facili
tate fumigation with Methyl Bromide. Better distribu
tion of gas was found and the new shape became standard.
 

1964 	 The use of standard fumigation covers to fit the stan
dard pyramids adopted was introduced after being found
 
satisfactory.
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1964 Polythene sheets were successfully used as dunnage
 
for groundnut pyramids and put into practice with ef
fect from 1964/65 season.
 

1966 The use of warfarin rodenticides at the groundnut
 
pyramid sites was recommended after investigation.
 

1968 Phosphine was introduced for fumigation of groundnuts
 
at Port after research investigation.
 

1968 	 Expertise gathered by work on Aflatoxin contamination
 
of groundnuts started to be put to use in support of
 
international negotiation.
 

1970 iodofenphos was tested and found suitable for use on 
warehouse walls to control Troqoderma qran,rium on 
groundnut cake at port. Recommendations are adopted 
uD to the present. 

2. Cocoa:
 

Year Production
 
1957 Termination of misting of cocoa warehouses with pyre

thrins caused by no useful effect being discovered.
 
1957 D.D.T. was adopted for spraying walls of cocoa stores
 

during moratorium period between seasons.
 
1958 Use of methyl bromide as a standard procedure was
 

adopted after studies and advice.
 
1963 Revised standard system for fumigation of large stacks
 

of cocoa was adopted after testing by N.S.P.R.I.
 
1967 Standard fumigation technique for use of methyl bro

mide at new cocoa warehouse at Ikeja worked out by
 
N.S.P.R.I. and was adopted by the State Produce In
spection Division.
 

1970 	 Recommendation for use of DDT on walls of cocoa ware
houses in the moratorium period was abandoned and
 
tetrachlorvinphos substituted after tests by N.S.P.R.I.
 

3. Grain Storage:
 

Year 	 Production
 
1969 	 Investigations on use of plastic envelopes to enable
 

fumigation of grain stored in warehouses and the em
beddina of the sheet in insecticide dust were success

ful, and began to be put into practice. Fumigation
 
Is with Phosphine or Methyl Bromide.
 

1969 Work on crib storage of maize and pest control resumed
 
and used in supporting extension work in local vil
lages. This has been going on with more and more
 
villages using correct techniques for applying Lin
dane to cribs for protection against Insect pests
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and correct crib design to prevent rodent alTack and
 
aid drying. Safer and more effective organophosphorus
 
insecticides are now being introduced. The work has
 
spread to five states already. Demonstration cribs
 
are now being constructed in various parts of the
 
Federation and the Institute's involvement in exten
sion work is to be expanded.
 
Better storage of grains and pulses in Nigeria Is
 
coming about as a result of publications based on re
search results disseminated by Annual Reports, bro
chures, radio, television broadcasts in both English
 
and Vernacular, visits to storage sites and practical
 
demonstrations to farmers and extension workers of
 
State Ministries of Agriculture, traders and indus
trialists. It is now possible to store grains and
 
pulses for longer than a year. Many food packaging
 
industries have been established with the help of
 
N.S.P.R.I.
 
However, a number of research results have not led to
 
practical recommendations but have provided background
 
information in which to gain wider experience so that
 
N.S.P.R.I. experts can discuss cocoa storage, ground
nut storage, village-level grain storage, pest control,
 
yam storage etc. at conferences and meetings in Nige
ria and overseas.
 
This expertise so improved leads to more meaningful
 
practical recommendations when the need arises.
 

FEEDBACK: The institute has several sources of feedback to eval
uate its recommendations and formulate new programmes of work.
 
Some of the sources are as follows: (a) Overseas complaints on
 
export crops to Federal Ministry of Trade are referred to the In
stitute for investigation. Similar complaints have been investi
gated for the Ministry of Health. (b) Problems of international
 
trade are referred to the Institute through our representation on
 
Scientific and Technical Committees of the African Groundnut Coun
cil and the Cocoa Producers Alliance. (c) Problems are brought
 
to our attention by the United Kingdom Produce Inspection Service
 
and the Tropical Products Institute in London. (d) We are ap
proached directly by State Produce Inspection Services, Ministries
 
of Agriculture, the Ministry of Trade, the National Grain Produc
tion Company and the Commodity Boards when storage problems arise.
 
(e) Organisations involved in storage and pest control work and
 
interested University departments and Institutes are invited to
 
our work programme review committee meetings when new problems
 
can be discussed. (f) Surveys of existing storage sites, facil
itles and techniques and visits to farmers are made from time to
 
time by N.S.P.R.I. officers when problems are discussed and
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and advice given or new research proposals suggested. (g)
 
N.S.P.R.. participated in the preparation of the F.A.O. Action
 

prgoramme for reducing post-harvest food losses, so as to imple

ment the resolution of the seventh special session of the United
 

Nations General Assembly of September 1975 which set a target of
 
(h) We are approached by
a 50% reduction of these losses by 1985. 


various companies or their prospective customers to test their
 

products.
 
Despite several limitations of N.S.P.R.I. I have tried
 

in this paper to give inbroad outline the role N.S.P.R.I. has
 

been playing for the past thirty years to improve the storage and
 
We have always realized that sto-age
protection of tropical crops. 


is a key factor in agricultural production and processing. An ef

fective storage technique has helped in stimulating voluntary in

crease in agricultural production because the farmer is sure that
 
not go to waste. So also, effective storage
his surplus crop will 


has stimulated establishment of viable agricultural processing in

dustries because the investor has seen that he can have steady
 

supply of high quality raw materials throughout the year thereby
 

keeping his labour force and machinery busy throughout. The con

is happy too with the good quality food he buys throughout
sumer 

the seasons, and with the reduction in fluctuation of prices.
 

With all these desirable effects cf good storage techniques,
 
if supplied
N.S.P.R.I. is aware of the arduous task before it and 


with all the necessary resources we would continue to fight the
 

pests that are attacking our stored products. Thank you.
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LOSS ASSESSMENT METHODOLOGY - THE CURRENT SITUATION
 

R.A. BOXALL, P.S. TYLER, AND P. F.PREVETT
 
Tropical Products Institute
 

Tropical Stored Products Centre
 
London Road
 

Slough, Berks, ENGLAND
 

INTRODUCTION: The Seventh Session of the United Nations General
 
Assembly, meeting in 1975, delcared the Intention to strive for
 
50% reduction of post-harvest losses by 1985. However, the Assembly
 
omitted to define what losses it required to be reduced by half.
 
It is hardly surprising that the meeting could not give guidance
 
since It is unlikely that Itwas inpossession of reliable esti
mates of losses on which to base Its intention.
 

We consider that it Istimely therefore to devote attention
 
to the subject of post-harvest losses In this conference. As
 
stored product entomologists we cannot fall to recognize the po
tential and actual damage that major beetl! and moth pests cause
 
to cereal and pulse grains. It is a far mort- difficult task to
 
Interpret this damage In realistic terms of loss. We see the pur
pose of this session as having the following objectives:
 

Firstly to consider the available data on post-harvest
 
losses and Its relevance.
 

Secondly to consider some of the problems Involved In
 
the estimation of losses (such as having agreed definitions
 
of loss and an agreed methodology),
 

Finally we think that we should consider how we can and
 
should use loss assessment as the means for obtaining realis
tic evaluation of loss reduction programmes.
 
For example, whilst numerous references to examples of losses
 

can be quoted, very few have been obtained as a result of compre
hensive surveys. As a consequence their validity and relevance
 
Is questionable. Frequently the figures quoted are either an up
per extreme or an unqualified average. In neither instance do they
 
take Into account the representativeness of the data obtained or
 
Its reproducibility. The justification for the use of remedial
 
measures such as pest control to reduce losses must therefore be
 
In doubt.
 

OBJECTIVENESS IN LOSS ASSESSMENT: A recent bibliography on post
harvest losses incereals and pulses with particular reference to
 
tropical and sub-tropical countries (I),considered that of 126
 
field estimates of loss only IIwere complete estimates, that Is
 
providing the reader with sufficient Information'on the methods
 
employed to enable a decision to be made about thn reliability of
 
the estimate. Most of these were also limited to a study of one
 
aspect of the post-harvest system and data on which to base loss
 
reduction Inputs was frequently lacking.
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Indeed, a major criticism that can be made of many surveys
 
is that objectivity was lacking. For example, on-farm losses re
corded at one period during the storage season will not give an
 
indication of overall losses throughout the year. If the objective
 
is to know what losses farmers are suffering then a study over the
 
whole storage season is vital. Also, such a survey must be seen
 
from the viewpoint of the person suffering from the loss. It will
 
be found that a relatively large loss in times of plenty may be
 
quite acceptable to the farmer whereas he would regard even a
 
small loss in times of shortage as serious.
 

Isolated measurements of loss, for example the much quoted
 
global figure of 10% for post-harvest losses of cereal grains to
 
insects after harvst, may serve as a preliminary indicator to
 
draw the attention of administrators and others responsible for
 
post-harvest matters to the fact that some loss isoccurring - and
 
the need for more detailed study. Single observations, especially
 
where insect damage is involved, do not enable the losses to be
 
put into any form of perspective and using such figures it is quite
 
impossible to decide the nature and scale of priorities for a pro
gramme to reduce th2 I.sses. Only once the whole post-harvest
 
system (from threshing thrcu ; soragie an-* t-, processing) has been
 
fully understood can accurately determined estimates of losses of
 
grain be realistically related to the system. The figure obtained
 
(whether for high or low losse;) can then ne used in the determin
ation of priorities for loss reduction work in a positive way.
 

Moreover, when remedial measures have been introduced sub
sequent measurements of loss made using the same technique will
 
enable the effectiveness of the remedial measures to be determined.
 
Repeated measurements can be used to provide permanent monitoring
 
of a potential loss situation and can be used as an indication of
 
the efficiency of the system or process. The loss measurements
 
must be undertaken with a positive aim in view - that of loss re
duction. Too often this has not been done.
 

DEFINITIONS OF LOSS: The methodology to measure post-harvest loss
es is of necessity complex because consideration has to be given
 
to the assessment of the various causes of loss at all stages
 
throughout the post-harvest system. Storage is but one part of
 
this system in which losses are finite and, unlike growing crop
 
losses, cannot be made up by further plant growth.
 

There have been many attempts to define the term "loss" and
 
much confusion has arisen since "loss" has frequently been used
 
synonymously with "damage". Loss is a measureable decrease of the
 
foodstuff which may be quantitative or qualitative. It is diffi
cult to categorize loss. However the following categories are
 
listed for convenience and should not be regarded as exclusive.
 
In any assessment of losses, it will be necessary for the investi
gator to draw up his own definition of loss relevant to his
 
specific situation.
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TYPES OF LOSS: I. Weight loss - Reduction in weight Is obvious
but it does not necessarily indicate loss 
- itmay be due to re
duced moisture content and this is often recognized incommerce by
a shrinkage factor. 
Weight loss may result from the feeding of
insects, rodents and birds or from spillage. The latter may be
 
due to handling or the activities of pests.


Moisture changes may lead to an 
increase In weight and In
 some cases production of water by an 
insect infestation may partly

offset the weight loss.
 

Let us consider an example: we compare the weight of
if 
 a
sack of produce before storage with 
its weight after storage, any
reduction in weight may be described as 
the apparent loss. However
durirg this period of storage the moisture content of the commodity

may have changed and insects may have consumed some of it, pro
ducing non-edible dust, frass, etc. 
 Since additional moisture
 
and the non-edible results of 
insect attack do not constitute food
they form part of the true loss. So, the true loss = apparent
 
:oss + change in moisture content + non-edible material.
2. Loss in quality -
Quality of produce is assessed in dif
ferent ways according to the circumstances considered important by
the local population and traders concerned. 
 Generally quality is

assessed and products graded on the basis of appearance, shape,

size, etc., 
but smell and flavour are sometimes included, Foreign
matter content and contaminants are factors in loss of quality.

Foreign matter may be 
In the form of insect fragments, frass,

rodent hairs and excreta; weed seeds, part of plants, earth, stones,

glass, etc. Contaminants cannot be readily removed; they include
 
soluble excretions of pests, oils, pesticides, pathogenic organisms
spread by rodents or insects and toxins arising from fungal 
infec
tions. In particular instances chemical changes may be important,
 
e.g. ir oilseeds. Infestation in groundnuts may cause an 
incraase
in the free fatty acid level leading to rancidity in the oil; simi
larly in maize meal.
 

3. Nutritional loss 
- This, in a sense, is the product of
the quantative and qualitative losses; 
but more specifically, it
Is the loss in terms of nutritional value to the human population

concerned which, 
in turn, will depend on the nutritional status of
 
that population.


Weight 
loss during storage (not due to a loss of moisture) is
 
a measure of food 
loss but the latter may be proportionately larger
owing to selective feeding by the pests. 
Rodents and moth larvae
 may preferentially attack the germ of the grain thus removing a

large percentage of the protein and vitamin content, whereas weevils
feeding mainly on the endosperm will reduce the carbohydrate con
tent. 
Many pests may eat the brar, of cereals reducing vitamins

such as thiamin. 
Other storage factors such as moisture and fungal

Infection also lead to changes in vitamin content. 
 In beans in
particular, loss of protein is very important where there is bruchid
Infestation, as up to 25% of the dry matter may be crude protein.
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4. Loss of seed viability - This relates to loss in seed
 
germination which is Important for its effect on future food
 
supplies. Seed grain is usually more carefully stored than food
 
grain owing to its greater potential value. Loss may be caused
 
by changes of light, temperature, moisture, excessive respiration,
 
infestation and, in some cases, the methods used to control infes
tation. Insects that selectively attack the germ will cause a
 
greater loss in germination than others.
 

5. Commercial losses - Commercial losses may be a consequence
 
of any of the foregoing factors (1-4) or be the preventive or re
medial actions required, as well as equipment costs. For example,
 
any control measure that has to be employed to render or keep the
 
commodity saleable can be counted as an economic loss and this is
 
perhaps the most easily accountable loss. Also the indirect con
sequence of loss may be encountered where measures have to be
 
taken to prevent loss of goodwill or to cover legal actions arising
 
from the marketing of commercially unacceptable commodities.
 

THE MEASUREMENT OF LOSSES: Recent reviews by TPI (2) and FAO (3)
 
to determine the extent of available information on post-harvest
 
losses in cereals have demonstrated a lack of standardization in
 
both the terminology and methodology applied to loss assessment.
 
Secondly there was inadequate information relating to specific
 
sectors within the past-harvest system, particularly in relation
 
to certain geographic areas. There was clearly a need to develop
 
a suitable methodology for those aspects on which information was
 
both inadequate and lacking. What progress has been made?
 

A manual of methodology to be used for post-harvest grain loss
 
assessment has been prepared by the American Association of Cereal
 
Chemists and the League for International Food Education (AACC/LIFE)
 
Project on Post-Harvecst Grain Losses. A draft of the manual has
 
already been widely distributed and was in fact presented to dele
gates from 31 developing countries attending the TPI Seminar on
 
Post-Harvest Grain Losses held in London during March 1978. In
 
its conclusions, the meeting recognized "the importance of loss
 
assessment using a standardized methodology in the identification
 
of areas for loss reduction activities and for monitoring the
 
effectiveness and economic value of these activities".
 

Since that meeting the manual has been revised and this ver
sion will soon be available; although it is inevitably lacking in
 
some aspects we feel that it provides an acceptable basis to guide
 
those intending to conduct loss assessment field studies. By
 
adopting this methodology the results obtained will be more reliable
 
and comparable than has hitherto been possible.
 

ASSESSMENT OF STORAGE LOSSES CAUSED BY INSECTS: Let us now consider
 
In more detail the standardized methodology for assessment of sto
rage losses. The need for adoption of satisfactory survey and
 
sampling methods is essential but this is outside the scope of
 
this paper. We shall concentrate on the principal agent causing
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loss in storage, namely insects. A methodology for determining

loss by insects Is particularly well developed. 
The methods recommended are of three basic types. 
 The first and most accurate Involves the determination of the weight of a measured volume of
grain. The volume occupied by the same number of damaged or undamaged grains will 
be the same but the weight of the former will
be less. The loss in weight in samples taken over a known period
of time compared with a baseline sample taken at the beginning of
the storage period is a reflection of 
losses caused by insects and,

to a lesser extent, micro-organisms and other factors.


The method of obtaining the volume attempts to eliminate vari
ations 
in packing, but with grain samples containing very high

levels of damage, some of the grains may become crushed and 
lead
to inaccuracies. 
 Small grains may be sieved or winnowed out and
 
lost from the sample.


The weight of the standard volume is also affected by variety

and growing conditions. Inaddition, moisture content changes will
affect the weight but this can be allowed for by measuring the
 
moisture content and correcting to dry weight.


This is the ideal 
method but it is often necessary to make

loss estimates 
in the middle of the storage period when no base
line has been previously determined. 
 Under these circumstances
the standard volume/weight method may be used but with an artifi
cial 
baseline obtained by selecting undamaged samples from the
grain present in the store at the time of the loss determination.

The 
loss is then the difference in weight between the undamaged

and damaged sample.


Unreliable results may be produced if, during the selection of
undamaged grains from the stored grains there is internal 
infestation, preferential feeding and egg deposition by 
insects ingrains
of different sizes, or a difference in moisture contents. 
These
 errors can be reduced as much as possible by taking large random
 
samples.
 

A simpler method using only hand counting and a balance has
been described by French workers(4), whereby the grain sample is
separated into damaged and undamaged portions according to the cause
of the damage. 
Grains in each portion are counted and weighed, the
resultant data being substituted into a formula to give percentage

weight loss.
 

This method assumes that insects choose grains at random which
 may not be true. 
 It also does not account for hidden infestation,

because grains containing such an infestation are classed as 
un
damaged. 
 Both these factors cause misleading, even negative, re
sults at very 
low levels of infestation. 
 At very high levels of
infestation misleading results occur because of multiple infestation

in such 
large grains as maize, beans and some sorghums. However it
is a useful 
quick field method if allowance is made for the problems

occurring at the extremes.
 

Attempts have been made to overcome the problem of hidden infestation by dissection to establish the undamaged fraction, but
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this istedious and all calculations need to be done on dry weights
 

as moisture contents change during the procedure. Other simple
 

methods of determining hidden infestation also suffer from problems
 

of grain destruction and moisture content changes.
 

A third and simple method of estimating weight loss which can
 

in the absence of weighing facilities involves separating
be used 

but only counting
the sample into undamaged and damaged grains 


the grains in each portion. The percentage of damaged grains may
 

be converted into an approximate percentage weight loss by multi

plying by a predetermined factors, e.g. for sorghum damaged 
by a
 

major grain boring insect multiply the percentage of damaged grains
 

1/8th. This loss determination is only

by , for shelled maize by 


insects which
applicable when the damage has been largely done by 


leave a clear exit hole in the grain (Sitophilus, Sitotroga 
and
 

Bruchidae).
 
Unfortunately the method is complicated in the larger grains
 

by multiple infestation leading to several emergence holes per
 
This could be
grain and variation in the weight loss per grain. 


avoided by using number of emergence holes per 100 grains instead
 

of percentage damaged grain.
 

Due to insects - An important conside-
ESTIMATION OF TOTAL LOSSES: 

in a sample
ration in making loss estimations is to relate losses 


to the pattern of grain consumption. If a whole consignment of
 

grain remains undisturbed throughout the storage period and at 
the
 

is 10%, then this represents the
time of removal the estimated loss 

insects over the storage period. However in most
total loss due to 


cases, and particularly in farm stores, grain is removed at inter

vals during the storage period and each quantity removed will 
have
 
have been exposed
suffered a different degree of loss since it will 


Allowance has
 to insect infestation for different lenQths of time. 


to be made for this factor when determining the total estimate of
 

A similar procedure is followed .hen assessments of loss by
loss. 

fungi and by rodents are carried out.
 

Losses caused by fungi - Although the above methods were for

insect damage in mind, they are equally applicable to
mulated with 

fungal damage. A considerable proportion of the grain rejected by
 

the farmer is often discarded because of mould and the presence of
 

infected grain causes a drop in quality grading. Therefore the
 

impact of fungal infection on loss can be estimated by including
 

the separation of mould damage from other types of damage during
 

the analysis.
 
Losses caused by vertebrate pests - Losses caused by verte

rodents and birds are difficult to assess directly
brates such as 

since whole grains are frequently removed from store. Vertebrate
 

losses that cannot be accounted
pests are usually blamed for all 


for in any other way. Some attempts to estimate losses have been
 
limited
made using population censuses and feeding trials, but with 


accuracy in relation to the effort expended. Both pests utilize
 

stored food as part of their diet only, so feeding trials may
 

over-estimate the consumption of stored food.
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LOSS ASSESSMENT AS PART OF LOSS REDUCTION: Loss assessment forms
 
an Important and necessary part of any loss reduction programme.

Itserves as a means of Justifying and evaluating intervention
 
methods to reduce loss and will enable cost/benefit ratios to be
 
determined.
 

Improvements intended to reduce losses have often been Intro
duced In ignorance of the nature, type and true cause of loss or
 
of the acceptability of the new measure. Also they have been in
troduced either at the most prominent or the most readily accessible
 
point inthe system. This isoften because of an outside pressure

such as the availability of a particular input, of funds to provide

the input, or because of the need to have a project completed wlth
ina limited time scale, or simple local politics. Sometimes only
 
concurrent with or even after the introduction of the loss-reducing

procedure there has been an evaluation of its effectiveness for
 
reducing losses. Too many schemes based on these lines have subse
quently been proved unacceptable or inappropriate having made little
 
contribution to the reduction of loss inthe short-term and none
 
inthe long-term.
 

With prior knowledge obtained from an assessment of losses in
 
the whole post-harvest system, such disasters can be avoided. For
 
example, with subsistence farmers having limited resources and
 
ability, only extremely modest measures for reducing losses are
 
appropriate. These might be: encouraging the wider use of simple

modifications to traditional storage structures to incorporate
 
design features already found to be satisfactory in some stores
 
(inhumid areas particularly to aid drying); encouraging the use
 
of effective traditional pest control methods and improving store
 
hygiene (thereby reducing risk of cross-infestation). Where such
 
simple modifications and improviements can yield an adequate benefit
 
(which satisfies the farmer) then they should always be tried first,
 
even inareas where more complicated techniques and greater changes
 
might be acceptable.
 

Where the traditional farming pattern has been disturbed and
 
the farmer has demonstrated an ability to accept new concepts (par
ticularly following the introduction of improved cultivation methods
 
and new crop varieties), some adaptation of the storage procedures
 
may be essential if losses are to be minimal. To the farmer who
 
has adopted better cultural methods the wisdom of also improving
 
storage may be readily appreciated. For example itmay be consi
dered desirable to improve the basic design of a store and to In
corporate modern building materials or to introduce synthetic

pesticides. Inorder to do this satisfactorily the shortcomings

of the existing system in relation to how they result in loss must
 
be determined and the appropriateness of candidate improvements
 
obtained.
 

Alternatively the procedure for reducing loss can involve a
 
drastic change away from the traditional home storage practice

whereby grain is passed by the farmer Into some form of centralized
 
storage. At the primary marketing level (traders, cooperatives,
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produce boards), a different set of criteria for assessing loss
 
may apply. The produce clearly has an accountable cash value and
 
the total weight of grain received is usually known. A sampling
 
system should be applied and the criteria for acceptance of grain
 
should be well defined. Store management will have responsibili
ties for ensuring that bookkeeping procedures are adhered to. By
 
making use of these measurements a more precise assessment of loss
 
can be made. Decisions as to the appropriate remedial measures and
 
an evaluation of their effectiveness for reducing loss are more
 
easily determined.
 

FUTURE WORK: Taking stock of the current situation regarding post
harvest losses, we suggest that the important aspects can be sum
marized as follows:
 

I. Hitherto most assessments of loss havk been made in iso
lation and without cognizance of the true significance of
 
the loss in relation to the post-harvEst system affecting
 
the grain. More attention needs to be paid to obtaining
 
meaningful 	data and evaluating it realistically. The re
liability of the results obtained needs to be openly dis
cussed.
 

2. 	The methodology is often inadequately described. There
 
is need to use agreed methodology wherever possible and
 
to publish full descriptions of techniques used and assump
tions made.
 

3. A major criticism of loss reduction programmes has been
 
that they cannot be justified in economic terms. Loss
 
assessment provides the means whereby losses may be de
termined both before and after remedial measures are in
troduced.
 

More use must be made of the methodology to enable us to more
 
closely assess the value of our pest control programmes where they
 
are aimed at loss reduction.
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INTRODUCTION: The twentieth century Inthe tropical regions of
 
the world has largely been characterlsed principally by a rapid
 
explosion Inhuman population and a decline inthe quantity and
 
quality of food available for consumption. Inthe developing
 
countries, In particular, there Is now a widening gap between
 
total calorie and protein requirements of human and animal popula
tions and some scientists have even gone as far as predicting a
 
catastrophic shortage In human food by the end of the century.
 
Comparison of food consumption patterns of developed and under
developed countries show great disparities not only inper capita
 
calories consumption but also Inthe ratios of carbohydrates, fats
 
and proteins and the sources and quality of proteins. These
 
characteristics manifest themselves interms of hunger, malnutri
tion and what Ruthenberg (1)refers to as 'harmonious undernour
ishment.' Poverty and malnutrition are therefore still largely
 
characteristic of tropical countries where even the 0.2% excess
 
rate of growth of food production over population Increase record
ed Inthe 60's have not been sustained in the 70's and the opti
mism of food production and the green revolution seem now to be
 
even more elusive. A more complex picture evolves when we reallse
 
that inthe period 1850 to 1950 the world population doubled and
 
that the figure of about 3,500 million in 1970 indicates that It
 
would take perhaps only 35 years for the next doubling to occur.
 
But in fact the population doubling inthe developing countries Is
 
likely to take about 24 years because of the rate of population
 
growth of 2-3% Incontrast to 0.5-1% Inthe developed and indus
trialized countries of the world. With about 7,000 more people
 
every hour and over 160,000 everyday, inall probability there
 
will be 6,000-7,000 million In the world by 2,000 A.D.
 

The state of food and nutrition in relation to this
 
phenomenal and reasonably certain world increase In population Is
 
often considered Interms of increases in agricultural production
 
to be achieved through the extension of cultivated areas, the
 
Improvement of genetic potential of crop plants for increased
 
productivity, and Increases in yields per unit area of cultiva
tion (2). These three well-publicised cornerstones of the 'Green
 
Revolution,' however, fall to take Into cognizance the urgent and
 
pressing need for the conservation and preservation of the harvest
ed crop. It Is obviously erroneous to assume that all the In
crease Infood production would reach the consumer when we are
 
fully aware that storage losses ranging from as little as 2-5% In
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some developed countries to over 30% in many developing countries
 
occur. It is therefore faulty strategy to attempt to Increase
 
yields by a factor of 5-10% through massive scientific and techno
logical inputs In crop production only to lose 20% of the crop
 
during handling and storage. Estimated annual world losses In
 
maize, a major cereal staple in most countries of the tropical
 
world, provide a good example of the extent of the severity of
 
losses due to Insects and other agents (Table I).
 

TABLE I. 	Estimated annual world losses in maize (millions of
 
tons).*
 

production Losses
 
Region Total
 

Actual Potential Insects Diseases
 

North and 	Central
 

America 	 102.9 144.7 16.9 13.6 30.5
 

South America** 19.1 31.8 6.3 3.2 9.5
 

Europe 	 28.3 32.9 6.3 3.2 9.5
 

Africa** 	 14.9 47.5 9.5 6.5 16.0
 

Asia** 	 16.5 26.2 2.6 3.1 5.7
 

Oceania 	 0.2 0.2 0.01 0.01 0.02
 

USSR and China 36.5 56.1 7.0 5.2 12.2
 

World Totals 218.4 339.4 44.0 32.6 76.6
 

* 	 Source: H. H. Cramer (1967): Defensa Vegetaly Cosecha Mundial 

Bayer. Pflanzenschutz Leverkusen p. 179. 

** Developing countries. 

Losses due to insects In monetary terms range from about
 
5% In Europe to about 20% In Africa and South America and although
 
some of these losses are field losses a substantial part of these
 
are storage losses which according to Wheatley (3) range from 3.6
 
per cent to 23 per cent and amount to about 2 M ton/year. Such
 
losses or even more severe losses are recorded In the whole range
 
of agricultural produce, Including other cereals, yams, cassava,
 
grain legumes, pulses and other major commodiles produced In
 
tropical countries. It Is, therefore, clear that the solution to
 
the food and nutrition problem of the developing countries lies
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not inthe triangle of 'Green Revolution' but Ina diamond In
 
which storage forms a fourth Important and crucial cornerstone.
 

Extensification
 

Genetic
 
Improvement S Intensification
 

Storage
 

STORAGE PRACTICES AND THEIR EVOLUTION: Attempts to store and
 
preserve agricultural produce are nearly as old as agriculture,
 
although major strides were only made inthe last few decades. it
 
Is now a far cry from the era when the infestation and consequent
 
deterioration of agricultural produce was regarded as inevitable,
 
and commodities were thought to 'generate life.? Storage entomol
ogy has not only shown that the most important agents of deterio
ration during storage are insects, mites, fungi, bacteria, rodents
 
and other vertebrate pests but has emphasized that deterioration
 
and losses may set inthe produce which appear uninfested at
 
harvest but often have undetectable pre-harvest infestation which
 
serve as the nucleus of post-harvest and storage losses. The
 
conditions of the produce at harvest and the environmental condi
tions of post-harvest handling and storage have also been shown to
 
have a major impact on losses due to microorganisms and vertebrate
 
pests. Storage practices have therefore evolved to create condi
tions for the disinfestation of produce, the prevention of deteri
oration and reinfestation and the preservation of the quality of
 
produce during periods of storage which may vary from a few months
 
to a number of years depending on the purpose of storage and the
 
nature of the commodity.
 

Storage under tropical conditions Is hazardous because
 
of the climatic conditions, the physical characteristics of
 
commodities and facilities available for adequate disinfestation
 
and preservation. The high ambient temperatures (25'-35'C) and
 
humidity (70% or more) accelerate the growth and multiplication of
 
the various agents of deterioration and often contribute to the
 
inefficiency of traditional methods of storage that have been
 
evolved. The physical characteristics of the commodities often
 
make them susceptible to blodeterloration by a range of organisms;
 
for example, high moisture content (20-30%) which isoften en
countered intropical maize after harvest leads to deterioration
 
by fungi and attack by Sitophilus and other Insects. Adequate
 
drying therefore has to form an Integral part of post-harvest
 
handling and storage Inall storage practices inthe tropics.
 
Facilities available for adequate disinfestation and preservation
 
often depend on the value of the crop, the accessibility of the
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farmer to the necessary capital for Improved structures and other
 
inputs and the availability of such Imputs. All these are In
 
contrast to conditions In some temperate and semitemperate coun
tries where as Indicated by Watters (4) few grain storage problems
 
are experienced because of the cold winters and well-developed
 
bulk handling systems.
 

In the main, storage practices in the tropics have
 
evolved through traditional methods which depend largely on
 
physical factors such as natural drying, storage and preservation
 
In simple structures with little or ineffective provision for the
 
prevention of reinfestation and the preservation of quality, and
 
little or no use of pesticides. Hence in many parts of the
 
developing world, storage practices involve traditional structures
 
such as simple wooden platforms, storage baskets, timber tripods,
 
vertical or horizontal poles or racks, varieties of cribs made
 
from wooden or grass materials, 'rhumbus,' pots or other earthen
 
containers, gourds and other types of granaries. These structures
 
and practices are largely ineffective in the prevention of deteri
oration of stored agricultural produce. Under such conditions,
 
Taylor (5) Indicated that losses due to insect infestation,
 
biodeterioration by microorganisms and rodent damage are consider
able. Until recently, very limited inputs of pesticides for safe
 
disinfestation of produce were used but recent developments which
 
combined improvements in the designs of cribs and storage bins
 
with the wise use of pesticides such as ilndane, malathion,
 
pirimiphos-methyl and synthetic pyrethrins show great promise for
 
the future. In particular, successes that have been achieved in
 
incorporating these grain disinfestation and protection methods
 
Into traditional storage practices in Nigeria, Kenya, Zambia,
 
India and many other countries in tropical Atrica are now begin
ning to have major impact on the reduction of losses at the farm
 
level and therefore on the economy and nutrition of the small
 
farmer. Surveys in some developed countries, for example, in
 
England and Scotland (6), in the last decade also showed increases
 
In the use of malathion and fenitrothion for the protection of
 
stored grain and old and new rodenticides for the control of
 
harmful vertebrate pests; this trend is likely to continue and be
 
strengthened in the rest of the century. These developments
 
Indicate that future strategies should focus attention on the
 
application of storage and protection technologies at the farm
 
level, since most of the losses occur at this level, at the level
 
of the handling and distributing agents and, as medium and large
 
scale production develop, at the major bulk storage centres where
 
highly efficient and sophisticated systems of drying, disinfesta
tlon by fumigation, and storage can be employed. Such applica
tions at these various levels of storage, handling and distribu
tion are destined to make considerable impact on the quantity and
 
quality of available food and other agricultural produce In the
 
last two decades of this century.
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AGRICULTURAL PRODUCTION AND MODERN STORAGE TECHNOLOGY IN THE NEXT
 
TWO DECADES: The present trends Inagricultural production
 
patterns and systems and the displacement of populations from the
 
rural to urban areas seem to Indicate that Inthe remaining two
 
decades of this century decreasing percentages of human popula
tions are likely to be directly Involved infarming, small farms
 
are likely to give way to medium scale and large scale farms, and
 
the storage of agricultural produce Is likely to evolve along the
 
lines of greater coordination and cooperation Inthe use of modern
 
techniques of disinfestation and storage. Already inmany develop-

Ing countries, the percentages of agricultural workers are going

down from 60-70% of the total working force to 40-50% and greater
 
efforts are going into the organisation of coordinated and central
ised storage systems which would receive surplus agricultural

produce and utilize modern techniques of storage to ensure their
 
preservation and release into the marketing channels as and when
 
necessary. Although this trend is likely to continue and be
 
strengthened inthe Immediate future, itmust be realised that It
 
would depend on a fundamental understanding of the role of the
 
farmer, small or large scale, inthe first stage handling and
 
disinfestation necessary to ensure that produce delivered to
 
medium and long-term storage depots do not constitute foci of
 
infestation and deterioration of the bulk of stored items. In
 
oTher words, clear guidelines which now form the basis of on-farm
 
disinfestation and handling of agricultural produce should be
 
retained and strengthened and the inputs necessary for their
 
observance ensured at the farm level.
 

Considerable progress appears to have been made in the
 
organisatlon of such network services, for example, in Kenya and
 
Zambia, where maize represents a major staple inthe diet of the
 
people. The result isthat when adequate precautions are taken In
 
accordance with the established practices of farmer, depot and
 
warehouse handling and disinfestation, the quality of the stored
 
maize even after many months of storage remained high and losses
 
are kept to the minimum. The success of the system can be seen to
 
depend largely on the efficiency of the delivery systems of
 
necessary Inputs such as Insecticides, jute bags, etc., effective
 
communication and rapid delivery and handling and the use of
 
modern techniques of drying, fumigation and bag treatment, and
 
storage Inwell-designed warehouses and silos. In Kenya, these
 
are guaranteed through a network of District and Central Depots

with facilities for grading, drying, fumigation and storage in
 
warehouses and bins. Even here, the farmer's role isconsidered
 
crucial because of the need to halt pre-harvest infestation by
 
treatment with malathion or lindane before delivery to the depots.
 
Fumigation with methyl bromide or phosphine, or bag treatment with
 
Insecticides combined with store hygiene maintain the quality of
 
the produce whilst In the district or central depots.


A modification of such a coordinated and centrallsed
 
system Is operated by the NAMBoard InZambia. The focus of grain
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collection In this case are the Rural Depots and the Rail Line
 
Depots to which produce are delivered by farmers as soon as
 
possible after harvest. The depots serve dual functions of
 
receiving grain and supplying Inputs for stimulating production,
 
including fertilizers, pesticides, herbicides, jute bags, etc.
 
Here also efficient transportation and communication is important
 
to ensure early evacuation of produce to larger central depots
 
where fumigation and storage take place in silos or on hardstand-

Ings under sheets. Provisions are made in all cases for fumiga
tion or grain treatment at rural depots in order to avoid further
 
deterioration in grain which on inspection show a potentially
 
dangerous level of infestation. In Nigeria, where a programme for
 
the handling and storage of 600,000 tons of grain as operational
 
and reserve storks is currently being implemented, a similar
 
network is envisaged. The Agro-Service Centres which are being
 
located within 20 km of individual farmers will serve as the
 
depots not only for the supply of inputs, including pesticides,
 
fertilizers, improved seed and technical advice, but also for the
 
receipt and purchase of grains from small farmers. They will also
 
serve to receive surplus grains from large-scale farms in the
 
future. In this context and in other parts of the tropics, one of
 
the major problems at such depots is likely to be the moisture
 
content of grain at delivery, especially in the humid and sub
humid zones. It may, therefore, be necessary, as is the case in
 
some parts of Kenya, to provide some rapid drying and iandling
 
facilities at some of the larger depots to ensure that the mois
ture content of the grain can be brought down to 7 safe 12% or
 
less before storage in bags in war&'ouses or in silos. Details of
 
some of these proposals for Nigeria and how they are expected to
 
function in a changing agricultural economy are discussed by
 
Taylor (7, 8). Such a network ifefficiently operated in Nigeria
 
is likely to improve the quality of agricultural produce and
 
reduce s-torage losses to 55 or less. Inaddition, it will provide
 
an avenue for the build up of reserve stocks that can be used
 
during periods of drought, crop failure or other natural disasters
 
and may even generate the beginnings of an external trade in
 
grains and stored agricultural produce. These components in
 
themselves have a major role to play in the world food probloms of
 
the rest of this century.
 

THE FUTURE: The last two decades of this century will be crucial
 
In the efforts of man to expand and improve agricultural produc
tion and protection In order to feed Itself at a level compatible
 
with modern and acceptable concepts of social and economic wel
fare. The Intensification of agricultural production must be
 
matched with the pursuit and application of modern storage tech
nologies if the gains to be realised by such intensification are
 
to be maintained so that they could reach the consumer. Tropical
 
storage entomology has many of the answers In terms of developed
 
technology, organisation and relevant research. It Is my view
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that we may yet avert a possible food crisis before the end of
 
this century and Indeed close the food and nutrition gap and
 
strengthen the economies of the developing countries of the
 
tropical world.
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INTRODUCTION: 
 Inmost tropical countries more than four-fifths of
 
the harvest Isstored for subsistence Intraditional granaries.

The remaining 20 per cent Isgenerally stored in large scale
 
warehouses Inurban areas and ishandled by national grain agen
cies. The-ecological conditions for pest development vary widely

under these two contrasting conditions of storage and there are
 
important differences between the pest auna.
 

THE INTEGRATED CONTROL APPROACH: 
 The study of the ucology of the
 
pest complex In each situation is of special importance inthe
 
context of integrated control. Way (i)states that integrated

control is "nowadays usually defined as involving the compatible
 
use of a combination of appropriate methods of pest control."
 
With growing crops inthe field, integrated control inthe above
 
sense has found several applications and has resulted in less
 
dependency on the use of chemical pesticides. Instored produce

however, there are several difficulties to be overcome, the main
 
one being that of the economic injury level. Inaffluent coun
tries one inse:T in a packet of rice could be considered a pest at

the economic injury level ifthe packet is rejected. Intropical

countries especially inthe rural 
areas there isa higher thres
hold of tolerance to insects instored produce and to insect
 
damaged grain. De Lima (2)estimated economic damage In sub
sistence storage by considering the cost of the Insecticide
 
treatment and the amount of grain that would be saved by its use.
 

CHEMICAL WITH PHYSICAL STORAGE METHODS: Physical barriers like
 
the husk cover Inmaize, the pod cover In beans and the husk on
 
paddy are often able to protect grain from damage by Insects. It
 
Isnecessary however that these physical barriers be intact but
 
since only a fraction of the harvest normally has suitable physi
cal protection, the rest of the harvest needs to be preserved by

chenlical or other means. 
A study of the pest population on maize
 
with a poor husk, a good (intact) husk and without a husk showed
 
(Fig. I)that the intact husk was significantly able to protect

the maize from pest damage. A comparison of chemical control to
 
de-husked cobs (Table I)showed that the intact husk with fumi
gation was as effective as fumigated de-husked cobs treated with a
 
chemical dust inpreventing damage to maize grain.
 

VALUE OF PARASITES IN STORAGE: 
 In rural storage the possibility

exists for the use of natural parasites for control of the pest
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TABLE I. Damage to maize inan insecticidal dust and
 
fumigant trial inthe 1976-77 storage season
 
inNjoro (mean ± damaged ± standard error).
 

Time Fumigation Fumigation Fumigation Untreated
 
after only + Intact + malathion control
 

treatment ohusk dust (10 ppm) (de-husked)
 

6 months 8.34± 1.04 1.83± 0.69 4.62± 1.30 37.60± 6.73
 

12 months 66.45± 3.46 18.37± 3.34 23.89±11.68 90.22± 2.10
 

population ifthese parasites are effective. This Isbecause the
 
subsistence farmer would tolerate some damaged grain as would
 
occur due to dependence on biological control. Unfortunately

Insect parasites are generally ineffective and exert little
 
control over the pest population. The percentage parasitism
 
recorded Inan ecological study on the pest fauna in traditional
 
stores was extremely low and the parasites were not able to
 
effectively control the host species. Figure 2, gives some
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Information In one of the places, Kisil, where the highest levels
 
of parasitism were recorded, and It was seen that even there the
 
parasites were not able to reduce the pests and the proportion of
 
the grain destroyed was extremely high. A search through the
 
literature likewise falls to reveal any evidence of economic
 
control from parasites in stored produce.
 

INTEGRATED CONTROL POSSIBILITIES IN LARGE SCALE STORAGE: As
 
mentioned earlier, the possibilities for integrated control in
 
large scale stores are difficult to achieve in the true sense of
 
the definition of "Integrated control." Thus, Way (I) indicates
 
that pesticides should be Introduced Into the integrated control
 
context only when necessary to avoid predictable economic damage

and should be used to complement and supplement other methods when
 
these cannot keep pest populations below economic Injury levels.
 

Inan urban situation where one bean weevil or one
 
damaged bean constitutes economic injury, most store managers and
 
grain boards will view with skepticism suggestions on integrated

control especially Ifthe definition involves cost of control
 
versus (value of) loss inweight of produce due to pest damage.
 

So what is there to offer? I believe that inthe
 
scientific field (as opposed to the commerce of stored produce) we
 
can look at the entire storage network in a country and consider
 
the options. For example we can consider that one fraction which
 
will be consumed fairly quickly, that iswithin 3-4 months after
 
harvest, needs only to be fumigated while another fraction needs
 
to be treated with an insecticide as well to suppress re-infesta
tion because it will not be needed until the 5th month after
 
harvest. For grain that will be stored for more than one year

before being consumed we may consider the possibilities of storing
 
under hermetic conditions.
 

In Kenya, hermetic storage in semi-underground "Cyprus"

bins has proved to be an extremely effective way of preserving a
 
"famine reserve" for 3 years or more with little dependence on the
 
use of pesticides. The economics of handling grain inthis way

also make the storage of grain very worthwhile from the national
 
point of view (3).


Other areas where possibilities exist for integrated

control In large scale stores are to coms!ne tho release of
 
synthetic pheremones from traps which also contain an insecticide
 
to kill attracted adults (4). There are also advantages in
 
Introducing aeration to cool the produce and thus reduce the rate
 
of pest development (5). This, however, may not be entirely

economical (often because the grain is sold to the consumer at a
 
controlled price) and so would have to be limited to very valuable
 
commodities like coffee (6).
 

DISCUSSION: Good store hygiene isof vital Importance under any

circumstances and cannot be too strongly stressed under tropical
 
conditions. Combining chemical control with the physical control
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of natural barriers like the Intact husk is important under
 
substistence storage conditions as this may mean 
less 	expenditure
 
on chemicals and also less insecticide In the farmers' diet.
 
Plant breeders should take note of the benefits of an Intact husk
 
and pod and include such characteristics in the breeding pro
gramme.
 

More use may be made of synthetic pheremones, as these
 
are developed, to serve as an early warning guide for store
 
managers. In some situations possibilities exist for using micro
organisms to control stored-product pests but these are likely to
 
be viewed with caution by the general public and applications may

have to be limited to surface sprays and to the store fabric.
 
There appears to be limited possibility for introduction of
 
biological control by use of insect parasites and predators.

Possibilities exist for the use of 
ionising and non-ionising
 
radiations to control storage pests, especially in
more 	valuable
 
commodities. Within the next 15-20 years there 
is considerable
 
scope in the tropics for improved control by combining chemical
 
control with the development of physical barriers for the samll
 
scale farmer and for rationallsing chemical control with the use
 
of controlled and inert atmospheres in large scale storage.
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INTRODUCTION: 
 Pakistan Ispredominantly an agricultural country
and before Independence Itwas considered to be granary of 
India
and used to meet most of the food requirements of the Indian
population. After Independence, the country continued to maintain
Its reputation in raising food grains for 4-5 years and met total
domestic requirements. 
 With the increase Inpopulation and also
with the immigration of Muslim population from 
India to Pakistan,
the problem of food became more and more 
important. Imports were
made from foreign countries to meet the food requirements of the
country. 
 Every effort was made to increase the food production
within the country so as to achieve self-sufficiency in food.
Since Itwas the responsibility of the Government to meet the food
requirements of urban and rural population, it was 
In the fitness
of things to maintain huge reserves with a 
view to make a regular
supply to the needy public all around the year. 
 For this purpose
the bulk of stored grain, particularly the wheat, imported form
foreign countries under various programmes and that produced from
within the country had to be stored in large godowns. The Government realized the importance of agriculture and provided every
help inthe form of inputs to bring an increase in the agricultural production in general and that of food grain in praticular.
Thanks to the efforts of the tiller of the land and the wheat
breeders who brought green revolution inthe country the production of wheat Increased to 8.5 million tons 
in 1977-78. The rice
production In Pakistan was 2.58 million tons by 
1977-78. All
efforts made towards increasing food production inthis country
may not achieve the desirable results Ifproper facilities of
storage are not made available to the public and private sectors.
Absence of adequate farm and village 
level storage facilities Is
one of the main problems Inthe country which results 
insubstantlal losses In food grain. 
 Due to the fear of susceptibility of
food grain to heavy losses during storage period of insect pests
and rodents as well 
as due to his weak holding power the producer
Is forced to sell 
his surplus stock just after harvest. Before
proceeding further it Is imperative to make a critical analysis of
the situation of farming profession InPakistan since the conditions have a great bearing on the post-harvest activities of the
farmer. 
The total farm area of the country is about 48 million
acres and it Isdivided into 4.8 million land holdings; of these
77% fall Inthe category of small holdings; i.e., less than 12.5
acres. 
The area of these holdings Isabout 34% of the cropped
area. 
As such the marketable surplus on these farms is small.
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About 15% of the holdings vary in between 12.5 acres and 25 acres
 

whereas the rest 7-8% are above 25 acres.
 
itmay be mentioned here that in case of wheat, 20 to
 

25% of the total production is procured by the Government; 5-7% by
 

a small percentage of urban population to meet their domestic
 
About 90% of
requirements and the rest is retained at the farm. 


the marketable surplus Is brought to the market just after the
 

harvest and about 10% marketable surplus is retained by a very
 
at later
small percentage of the farming conunity for disposal 


dates. However, depending upon th farm size, a good quantity of
 

food grain is retained at the farm by the owners or tenants
 

cultivating the farm. There are different types of godowns at
 

village or farm level which Include mad, bins, kothies, and other
 

such constructions. The purpose of holding such stocks at farm
 

level Is to meet the continuous demand for consumption of the
 

rural population. Moreover, it is meant to meet emergency needs
 

or to overcome shortages during exigencies. The storage period
 

for food grains held for consumption at the village or farm level
 

12 months. With regard to storage for commercial
ranges from 6 to 

purposes the major portion of the grain in handled by the Depart

ment of Food which makes large scale procurement just after the
 

harvest. Storage is done either in bulk or in bags.
 
There are, however, three types of godowns owned by the
 

Government. They are Lahore sheds, House type godowns and Bins.
 

The storage capacity of Lahore sheds is 6% of the existing stores.
 

Unfortunately, they are not suitable for fumigation and they are
 

used under very extreme conditions for very short terms. The
 

House type godowns constitute 67% of the Government owned storages
 

and are commonly in use. They are fit for fumigation. Bins
 

represent 27% of the Government owned stores and are undoubtedly
 

most suitable from the view point of grain storage as the infesta

tion In these types of godowns has been found to be the lowest.
 

LOSSES: The loss caused to stored grain by insect pests and
 

rodents is of a high magnitude in Pakistan and does not need any
 

emphasis. On the basis of research conducted in Pakistan, it has
 

been found that the losses to stored grain from insect pests and
 

rodents may vary from 2-60% (1).
 
The relative importance of various food crops and the
 

loss caused due to various factors is given on the following page.
 
The incidence of insect attack was found to vary from
 

locality to locality and from commodity to commodity depending
 
upon the type of godowns, type of storage (bulk or bag), ecologi

cal conditions, storage period and upon the fumigation and chemi
cal treatments of godowns.
 

In Pakistan, 23 insect species have been reccrded 
damaging the stored grain. Out of these, 6 are important. They 

are khapra beetle (frogoderma granarium); the lesser grain borer 

(Rhizopertha dominica); the rice weevil (Sitophilus oryzae), red 

flour beetle (Triboliwn castaneum); paddy grain moth (Sitotroga 
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cerealeZZa) and Ohora beetle (Calloeobruchus chinensia). These
 
Insects are found in all parts of Pakistan and their biology and
 
nature of damage has been studied indetail with the ultimate
 
object of finding out some effective control measures (2,3,-4, 5,
 
6 & 7.
 

Food commodity National or regional Annual % of total
 
Importance as food production annual food.
 

(tons) production
 

a. Wheat 
(Uriicwu vuZgare) 

Staple food 
production 

8.5 million 72.6 

b. Rice 
(Oryzae eativa) 

Second major 
food 

2.5 million 21.3 

c. Maize 
(Zea mays) 

Used as food In 
the villages 

.07 million 6.1 

Major stages of
 
postharvest processing Estimated losses Causes of loss
 
and storage (drying,
 

parboiling, storing etc.)
 

a. Wheat 2-16% Moisture
 
(Storing & Milling) (average 5%)
 

b. Rice 2-10% Heating
 
(Drying, parboiling (average 5%) Development of mold
 
& storlng)
 

c. Maize 2-8% Damage from insects
 
(Drying & storing) (average 5%) Rodents
 

Handling & transportation
 

VARIETAL SUSCEPTIBILITY: Studies conducted on the varietal
 
susceptibility of various wheat, gram and rice varieties to Insect
 
pests of stored grain revealed that the most susceptible variety

with regard to percentage loss inweight and percentage of damaged
 
grains was AU-44. Variety C-273 was comparatively the least
 
susceptible. The loss was found to start within one month of the
 
beginning of the experiment and was found to increase to higher
 
and higher levels from April onward till It reached Its maximum
 
during July. No variety was found to be totally immune to the
 
attack of Insects.
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The varietal susceptibility of 30 gram varieties to the
 
attack of C. maculatus was studied taking into consideration the
 
number of eggs laid on 20 grains of each variety; the number of
 
grains Infested out of the eggs laid on 20 grains and the loss In
 
weight on percentage basis. The results revealed that out of all
 
the varieties the least susceptible was 6508.
 

The results of experiments conducted on the susceptibil-

Ity of seven rice varieties revealed that the highest loss in
 
weight was in rice variety Basmati-198. Varieties Basmatl-197 and
 
IRR-6 did not show any significant difference from each other.
 

MEASURES TO CONTROL: The effect of Malathion and Nogos each used
 
in0.05% and 0.1% concentrations was studied on the larvae of
 
T. granariwn at 250C, and 35*C in combination with 52% and 75%
 
relative humidities (8). The mortality of the pests recorded at
 
75% relative humidity was higher than at 52% relative humidity for
 
all the treatments. Maximum mortality of the pests was recorded
 
24 hours after the application of the insecticides. Malathion
 
0.1% on over all basis proved to be the most effective insecti
cide.
 

As a result of studies conducted on the grain protec
tants of insect pests of stored products the use of Malathion was
 
found to be the best for protecting the grains from the ravages of
 
Insect pests of stored products (I,9 & 10). A commonly recom
mended dosage Isone part of premium grade Malathion 75% E.C. In
 
25 parts of water for treatment of empty godowns, heaps of grain,
 
empty and filled bags and other articles and places of storage In
 
and outside the human dwellings.
 

Studies conducted by Qayyum (10) on the use of fumigants
 
revealed that Phostoxin and E.D.C.T. gave 100% mortality of the
 
insect pests of stored grains. The use of these two fumigants Is
 
practised by the Government agencies inPakistan. However their
 
use Is restricted inrural areas because of improper storage

facilities.
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For many years insects that infest stored products have
 
been controlled primarily by chemical pesticides and fumigants.
 
Nevertheless, at present, there is tremendous potential for pest
 
management programs that integrate chemical pesticides, biological
 
chemicals (i.e. pheromones, hormones), other biological control
 
agents (i.e. parasitoids, predators, microbial pathogens),
 
physical methods (including design of proper facilities), culture
 
methods (including sanitation), and legislative controls. There
 
Is a need for demonstration projects that incorporate research
 
and education inbroad areas of both chemical and nonchemical
 
methods of control. Such projects would coordinate the efforts
 
of all sectors of agribusiness includiing farmers, shippers,
 
warehousemen, processors, pest control 3nd regulktory personnel,
 
and the consumer. Although we have knowledge of some excellent
 
non-pesticidal control measures, little effort has been made to
 
Integrate the most effective procedures inan effective pest
 
management program. My intention here isto discuss ways in
 
which pheromones can be utilized to manage storage insect pests.
 

The pheromones of a number of important storage pests
 
are known (Table I). I have proposed several strategies for
 
using pheromones to manipulate storage pests (1,2) (Table II).
 
In the first approach, pheromones would be used intraps to
 
monitor and detect the presence, population density, and location
 
of pest species. Then ifthe level of infestation exceeded a
 
predetermined value, the appropriate corrective measures, which
 
might Include a pesticide application, would be taken. This use
 
of pheromones istherefore involved indirectly inthe control of
 
pests.
 

The results obtained during a study of seasonal patterns
 
of emergence of Attageiius and Trogoderna Inwarehouses in
 
Milwaukee, Wisconsin show how this strategy works (3). Corrugated
 
paper traps treated with the appropriate pheromones and an
 
Insecticide were placed In the warehouses with control traps.
 
Many more males of the target species were recovered from the
 
pheromone traps than from the control traps. Infact, a previous
ly unknown infestation of Trogodr2ra oariab Ic was detected at
 
one site. Pheromones then can be powerful and effective tools
 
for detecting the presence of insect Other trapping studies with
 
the Trogoderna pheromones have been made recently inthe United
 
States, Mexico, Germany and Australia. For example, trapping has
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TABLE I. Major pheromone components of some stored-product
 
insects.
 

Family-Species and Sex Chemical Description of
 

that Produces Pheromones Synthesized Pheromones References
 

Anobildae
 

Stegobiwn paniceum

(L.) 


Bostrichidae
 

Rhizopertha dominica 

(F.) d 


Bruchidae
 

Acanthoscelides 

obectus (Say) e 


Dermestidae
 

Attagenus megatoma 

(F.) T 


Attagenus elongatulus 

(Casey) 


Anthrenus flavipes 

LeConte ? 

Trogoderma incluswn 

LeConte 


frogoderma vawiabile 

Ballion ?
 

Trogoderma glabrwn 
(Herbst) q 


Trogoderzma granariwn 
Everts 9 


2,3-dihydro-2,3,5-
trimethyl-6-(l-methyl

2-oxobutyl)-4H-pyran
4-one 

23,24 

1-methylbutyl (E)-2-methyl-
2-pentenoate 

1-methylbutyl (E)-2,4
dimethyl-2-pentenoate 

7,8 

(E)-(-)-methyl 2,4,5-
tetradecatrioneate 

6 

(E,Z)-3,5-tetradecadienoic 
acid 

13,25 

(Z,Z)-3,5-tetradecadienonic 
acid 

26,27,28 

(Z)-3-decenoic acid 29,30 

(Z)-14-methyl-8-
hexadecen-l-ol 

13,31,32 

(Z)-14-methyl-8-hexadencenal 

(E)-14-methyl-8-hexadecen-l-ol 
(E)-14-methyl-8-hexadecenal 

92:8 (Z):(E)-14-methyl-8-
hexadecenal 

13,33,32 

34,32 
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TABLE I..Continued.
 

Family-Species and Sex Chemical Description of 
that Produces Pheromones Synthesized Pheromones References 

Gelechildae 

Sitotroga cerealella (Z,E)-7,11-hexadecadien- 35,36 

(Olivier) V IoT acetate 

Phycitidae 

Ephestia eluteila 
(HUbner) 

(Z,E)-9,12-tetradecadien-
IoT acetate 

37,38,39,40 
41,42,43,44 

Plodia interpuncte~la 
(Htbner) 

Cadra cautella 
(Walker) 

Anagasta kuehniella 
(Zeller) 

Cadra figuilela 
(Gregson) 

TABLE II. Strategies for manipulation of stored product insects
 
with sex pheromones or other attractants.
 

I. Surveillance and detection of infestation
 

II. Control of Infestation
 

I. Communication disruption
 

2. Mass trapping
 

3. Lures for Insecticide treatments
 

4. Pheromones as lures Inpathogen-dissemination -devJces
 



been conducted in California and Idaho to determine the species
 
of Trogoderma present in areas where leaf-cutter bees are reared
 
for alfalfa pollination. Also the Trogoderma pheromones plus a
 
larval food attractant and a pesticide are being evaluated by
 
USDA-APHIS and the California Dept. of Food and Agriculture for a
 
khapra beetle detection program.
 

The second basic strategy for using pheromones to
 
manipulate stored product insects involves direct control I) by
 
disrupting the communication between sexes, 2) by mass trapping,
 
or 3) by luring the insects to non-food materials treated with
 
deleterious agents. As an example of the efTectiveness of
 
communication disruption, one application of high levels of
 
pheromone in sealed 208-1iter fiber drums was sufficient to
 
significantly reduce mating activity of *tctajcnue meagatoma for up
 
to one year (4). Also, Sower et al. (5) reported that in enclosed
 
environments, the mating frequency of the Indian meal moths,
 
Plodi.a i rezc cc a, was reduced in the presence of the synthet
ic sex pheromone, (IE)-9, 2-tetradecadien-l-ol acetate. In fact
 
the effectiveness of any dose of pheromone was markedly increased
 
as population densities were decreased from 10 to 0.2 pairs/m 2 of
 

wall anj ceilingi surface.
 
Direct removal of insects from a population (mass 

trapping) would be an effective control measure if we could 
remove boti sexes. A system of this type may be practical with 
the pheromone produced by the male bruchid, Acantioscelides 
obtectuq (6) or with the population aggregation pheromone 
produced by the male lesser grain Dorer, R;izojcrtha dominica 
(7). For example, the lesser crain borer pheromone has been 
Identifies and synthesized (8), and recent field tests have 
demonstrated attractancy (9). The pheromone placed in suspended 
traps may be effective in attraclina flying insects; for crawling 
insects, it may be effective in traps placed directly on the 
grain. Vith an effective pheromone or other attractant, it 
becomes possible to lure insects to insecticide-treated materials 
such as corrugated paper, paper chips, or other low-cost and 
easily disposable materials. The use of miniature traps made 
from such materials could be placed within the grain mass. By 
using attractants, less total insecticide would be needed because 
the insects would focus on the toxicant. The idea of miniature 
traps is patterned after a successful method of marking grain 
that was developed several years ago (I0)to deter theft: paper 
chips with a code number corresponding to the owner were mixed 
with the grain and could be removed easily in the cleaning 
process before milling and processing. A modified version of the 
paper chips used in combination with other control agents was 
discussed by Burkholder (II). 

Another means of direct control, as well as detection
 
of infestation, is based on the fact that mechanical disturbance
 
affects the behavior of the granary weevil: weevils appear on the
 
surface of disturbed areas (12). Current studies in my laboratory
 
(9) have demonstrated that other species of grain weevils have a
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similar response as do Oryzaephilus spp. and Tribolium spp. I
 
suggest that grain probes could be placed permanently or temporar
ily in the grain mass to serve either as static traps or, when
 
mechanically vibrated, as active traps. The physical attractive
ness of the devices would be enhanced with food attractants or
 
sex or population-aggregation pheromones. Such probes, designed
 
with perforations to allow entry by insects, could be also
 
sampled rapidly for Insects by a vacuum device if they were
 
placed at intervals of several meters and sampled weekly or at
 
other regular Intervals to determine infestation levels.
 

An innovative strategy is the use of pheromones as
 
lures for devices that contain entomopathogens. The habitats of
 
storage Insects provide Ideal conditions for inducing disease
 
epizootics, particularly those caused by desiccat'on-resistant
 
spore-formers. Even when the habitat is small and the population
 
Is localized it can contain highly concentrated populations of
 
insects that have excellent potential for epizootics. With an
 
effective pheromone-baited device, it should be just as easy to
 
expose the attracted insects to a pathogen as to an insecticide.
 
Of course the pathogen would not produce immediate kill. Rather
 
the infected, spore-ladened insect would return to its natural
 
habitat and infect others of its kind. This would seem to be an
 
especially promising method of controlling stored-product insect
 
pests.
 

The possible use of pheromones with pathogens and other
 
biotic agents for suppression of dermuztids was first proposed by
 
Burkholder and Dicke (13) and later elaborated by Burkholder and
 
Boush (14). The concept was put to the experimental test in an
 
effort to suppress populations of the dermestid beetle,
 
Trogoderna glabrwn. In this trial, the sex pheromone of the 
beetle (14-methyl-8-hexadecenal) was combined with a protozoan 
pathogen, Mattesia trogode2rae (Neogregarinida: Ophryocystidae) 
(15). Then we evaluated the numerous variables in pathogen 
transmission under conditions that wo felt were highly conducive 
to population suppression. Bocause failure at any point in the 
sequence to bring the insect Into contact with the pathogen would 
doom the strategy, our conditions were optimized: adult males 
emerged synchronously and prior to females; adult male populations 
were situated downwind from pheromone-spore-transfer sites; adult 
males were redistributed after luring and contamination among 
emerging females with subsequent mating; and dead adults were
 
available as food for next generation offspring.
 

In this model system, subsequent generations of
 
T. glabrm were substantially suppressed by a single introduction
 
of A]. trogodermae spores into dense populations of adult males
 
via pheromone-baited, spore-transfer sites: high density (32 F
 
adults/m 2 ) treated populations increased only 4-fold in the Ist°
 
posttreatment generation (vs. a 24-fold lncriase In controls) and
 
fell below pretreatment levels by the 2nd generation (vs. a total
 
100-fold Increase in controls); low density treated populations
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and also the low density controls (2 F adults/m2 ), Increased 12
fold during the Ist generation. With he dense population 48
hour exposure of pheromone-spore-transfer sites was sufficient to
 
distribute effective spore doses within a radius of 1.25 m around
 
sites, but spore transfer to the subsequent generations was
 
mainly by larval ingestion of either dead, contaminated adults or
 
larval food that adults had contaminated by contact. Attracted
 
males also attempted copulation with the pheromone source, which
 
increased spore transfer to males. Although the maximum distance
 
the spores were transferred (1.25m) was limited by the size of
 
our experimental arenas, we are confident tnat in a normal
 
environment the pathogen would be dispersed as far as infected
 
adults could disperse. Such a distance might be substantial
 
since flight is possible by contaminated adults.
 

Burges and Hurst (I) noted That mortality of storage
 
moths (e.g. , Z:) in maize storage facilities in
 
Kenya ,,,as often sudden and spectacular ,,hen the insects were 
exposed to 7 .z". mortal ity of> ......... hough similar 
moths exposed in the same zay in iacoratory jars was only progres
sive. They therefore suggested that larval cadavers, because 
the/ contain so man'y more -;t ' ze:'-c Slrsr. than do moth 
bodies, frass, or eg !t ia.re OST poenT source of, -e infective 
materials and with their attendant crystals, are capable of 
rapidly kill in larvae that feec on ltiem. -,hen they compared the 
effect of Z. t,:;smcac spores spreac on the surface of jars 
with that of spores applied To one point source on the surface, 
significantly fewer spcres ,,ere required to start an epizootic. 
It is thus possible for initial infestation, and possibly subse
quent infections, to be-ji in ne..,'ly harvestc and untreated grain 
because of tne presence of infected adult moths. Epizootics may 
also arise because infectei larvae have immiarted from adjacent 
stored grain or residues of food from local farms, transport 
vehicles, terminal stores or baqs contaminated with frass and 
insect bodies. Ioreover, the Burges and 01urst study shows that 
healthy larvae sometimes feed on larval caaavers even when food 
other than cadavers is present. Therefore mos-i susceptible
 
larvae could succumb first and provide inoculum to infect the
 
more resistant larvae. Those workers nevertheless suggest that
 
such naturally occurring infections of B. thitt2nizgw-?nnic rarely
 
curb moth damage to food and that the main effect is to limit
 
moth reproduction in some food residues in stores and mills.
 
Burges (17) believes that predictable control and adequate
 
protection of food can only be obtained by admixing a lethal
 
dose, e.g. 2 x 109 spores/200 g throughout the food to kill most
 
first-instar larvae.
 

Again since the severe mortality of moth larvae caused
 
by B. thuiringiensis in Kenya was enhanced by the high concentra
tions of spores in the larval cadavers, it might be possible to
 
mimic nature by providing a high concentration of spores in an
 
attractive paper chip or other material that would serve as a
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simulated larval cadaver (SLC). The use of pheromones or other
 
attractants to lure or aggregate larvae or adult stored product
 
Insects to sites that contain high concentrations of pathogens
 
would therefore appear to be a promising method of insect popula
tion suppression.
 

Current studies at my laboratory indicate that there
 
are promising larval attractants for dermestid beetles (18).
 
These compounds could be combined with the available adult insect
 
pheromones in an insect suppression system. It should be possible
 
to incorporate baits into small paper chips or other devices that
 
could be used to good advantage in a variety of ways. In grain,
 
for example, a substance containing an attractant, a bait or
 
feeding stimulant, and a pathogen such as B. thuringiensis might
 
be formulated to simulate a larval cadaver. A domino effect
 
might follow the introduction of a few SLC's. The initial rapid
 
kill of larvae that would result would produce real cadavers, and
 
their presence would accelerate the suppression of the population
 
even further. A similar procedure was developed for use against 
the boIl weevil, Anthonomis qrcanis, by rIcLaughIi n et al . (19) 
with the sporozoans Glugea gacti and !kttasa aradis. Also, 
Montoya et al. (20) used a feeding stimulant to increase the
 
lethality of a nuclear polyhedrosis virus of He7liothis spp.
 

I suggest a procedure in which the attractant would be
 
selected to attract the young feeding stages that are particularly
 
susceptible to the pathogen. They would then die before inflict
ing extensive damage on the stored grain. Ideally the SLC would
 
be attractive both physically and chemically, would contain a
 
feeding stimulant to ensure ingestion, and would contain enough
 
pathogen to produce prompt kill. The SLC could be made from any
 
of a variety of materials, corrugated paper, paper straws, or a
 
natural material such as wheat straw, and then coated with the
 
pathogen and attractant. A laminated structure incorporating
 
safe and biodegi adable materials would seem to be ideal. Materi
als such as adjuvants or stickers currently being used in the
 
pesticide industry may be useful in binding pathogen to attrac
tant In the SLC. Distribution of the SLC's in the walls or
 
cracks of empty bins, under conveyors, or in other areas where
 
residual populations might exist may also enhance population
 
suppression.
 

Another methcd of effectively distributing a pathogen
 
to stored-product insects is to provide a pheromone- or light
baited device with an open reservoir containing a pathogen such
 
as Bacillus thuringiensis. The insects are attracted by the
 
pheromone or light, become dusted with the pathogen, and distri
bute It within the insect population and habitat. Gard (21) has
 
successfully used light as an attractant to induce night flying
 
Insects to disseminate virus material in California cotton
 
fields. The attracted insects were dispersed after they were
 
dusted with virus by using a timer that turned the light on and
 
off in 15-minute cycles.
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A critical unknown at this time is whether pheromones
 
and other bloagents can or will be commercially developed.
 

Without industrial development sufficient materials will not be
 

available at reasonable prices. The Stanford Research Institute,
 
under contract from the EPA, has studied the commercial feasibil
ity of innovative pest control agents such as pheromones (22).
 
The potential for comrercial development of pheromones for actual
 

control of stored product pests, i.e. mass trapping or mating
 
disruption, -as rated as hich. In the same study, the likelihood 
of pest suppression programs involving pheromones of stored
 

product pests ,.ias also rated as nign. Efficacy, product specific
iTy, market size and incentives, production, storage and field 
life cnaracteristics, and toxicity were all evaluated. 

Investication of procedures Ior mocifying insect 
behavior must continue. , need inform-aTion about detection and 
control efficacy for all species of tre sToraje-insect-pest 
complex. Also -arn cer'ent procedures should De adaptable to small 
farms in any part o- tne world so local materials such as maize 
cobs, reeds, straw, woos or paper cis would be treated and used 
in place of manufactured r' aterials. i'oern -rain handling 
facilities could 1asil nt f r removing insects withadapt ecuip 

miniature Trans or c. or treaTe: materials. "Fluidized-bed" or
 
other simi lar ecniqes may "e a. efficient metnod of removal of 
both the insect, ard Te treated materials. 

In summar',,, pheromones can e powerful tools that 
enhance pest managerent pronrams by permitting the early detec

-tion an control of sT-_r insects. T the least, such regular 
monitoring of the stora:e frci iTy, -rain or stored commodity 
will aid i.fir inetions early uefore extensive damage 
occurs. rowvever mana-e.ment procedures of he type described 
might be useC to suppress the infestations or to supplement and 
fol low-up or Treatment witn conventional pesticides. On the 
basis of preliminary experiments, the prospect for success 
appears excel lent.
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INTEGRATED MANIPULATION OF STORAGE INSECTS
 
BY PHEROMONES AND FOOD ATTRACTANTS
 

H. Z. LEVINSON and A. R. LEVINSON
 
Max-Planck-Insitut fUr Verhaltensphysiologie
 

8131 Seewiesen bei Starnberg
 
FEDERAL REPUBLIC OF GERMANY 

The established and more recently devised methods
 
(physical and chemical) for prevention and control of insect In
festation in food stores have been critically reviewed by Howe
 
(I). Cooling by air circulation iscertainly a useful means of
 
control. However, its considerable expense and risk of reintro
ducing moisture to the stored product limits the application of
 
this technique (2). Airtight storage, another efficient control
 
measure, depends on keeping the oxygen level of the atmosphere
 
constantly below 3% and requires circulation of nitrogen or car
bon dioxide through the storage bins (3). The availability of
 
gasproof structures and fabrics, which are not cheap, is a pre
requisite for this kind of control. The usefulness of inert
 
dusts (e.g. chalk, kaolin, silica aerogels, tricalcium phosphate)
 
as grain additives is restricted by possible adverse influence on
 
human beings as well as by abrasive effects on machinery (4,5).
 
The rather effective technique of ionizing radiations from a
 
gamma or accelerated electron beam source did not become customary
 
Inwarehouses, probably due to its expensiveness.
 

The most common chemical methods for controlling stored
 
product pests are either spraying of contact insecticides or fumi
gation by insecticidal gases. The pyrethrins, possibly synergized
 
by piperonyl butoxide, as well as malathion (0,0-dimethyl S-l,2
di (ethoxycarbonyl) ethyl phosphorodithioate) are probably among
 
the few contact insecticides wlich may be directly applied to
 
stored food without subsequent risk to the consumer; however, the
 
repellent action of the pyrethrins for various insect species
 
warrants maximal covering of the grain surface to achieve complete
 
protection (6). In spite of the high contact and vapour toxicity
 
of DDVP (dimethyl dichlorovinylphosphate) for storage Insects, the
 
permanent use of this insecticide may be hazardous to human beings
 
particularly due to accumulation of harmful concentrations in
 
closed premises and extensive adsorption on stored grain (7).
 

Several insecticidal gases are rather effective storage
 
fumigants, among which methyl bromide and phosphine are used
 

widely. Desorption of the former from exposed products Is rela
tively slow, while the latter is scarcely adsorbed at all. Hence,
 
fumigation by phosphine does not result Inadverse residual effects
 

on seed germination and human health, and a single treatment Is
 

relatively inexpensive (approx. $8.00 per m2 of grain). However,
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a serious drawback resulting from the frequent use of such toxi
cants Is the selection of resistant mutants, eventually leading
 
to the necessity of increasing the insecticidal doses beyond the
 
acceptable levels (8).
 

A new biotechnical approach to pest control recently
 
suggested by Levinson (9, 10) depends on using insectistatics,
 
I.e. agents decimating insect populations to a level that does
 
not cause econo-'ic damace (insectistasis). Since most of the
 
insect oheronones and feeding attractants comprise a relatively 
high signalizinz value at exceedinly low activity thresholds, 
they can be readily e'ploved for adverse oc ification of the 
normal behaviour of destructive species resultinn in insectistasis 
(II). The pheromone cc.maositior of several species (mainly
 
Coleoptera, Len ido ptera, and Ort.,cptera) Loing notorious pests of
 
stored aroducts has been studie, in detail (9, II, 12). Some of 
the more V'Dortant co-o.nents identified are listeJ in Figure I. 
They are fairly volati, liids of rather diversified structure
 
such as unsaturaten feT,v a icand esters, branched olefinic 
aldehydes, a trienoate %itJt' cu -ulaive double bonds as well 
as nvdrocartons. The -,a;or cot-ornents of certain sex and aggrega
tion pheror-ones tein 7 intearated into sticky (Figure 2) or contact 
(Figure 3) trans are currently emploeyed for the survel Ilance and 
detection of -hycitid m.oths and derm'estid beetles in warehouses 
(II, 13). Chemical feedina attracta.nis for storace insects com
prise components el iciting acnreaation, as welI as feedinn; e.g. 
oleopalm!tin is known to act aCs a feedinq angregant and maltose 
as a feedino stimulant for 7ri-%l-zw coz-:w~gn (1", 15). The 
attractants released by a blend of seeis and fruits (enclosed in
 
wire gauze bags, Ficure 4) are also used for monitoring the pres
ence of stored product pests (Ik, 17, 18). In both types of baits
 
the attractants have to be adequately dosed in order to ensure
 
quantitative predominance over the amounts of pha-jostimulants and 
sex pheromones occurring in the surroundings. Since food stores 
represent a rather closed system with fairly constant conditions 
and moderate levels of temperature, humidity, light intensity as 
well as rather slow air movement (about 0.1-0.5 m/sec) for the 
Insects foond in this environment, they are particularly suitable
 
for tie use of pheromone and food attractant traps.
 

On the background of the experience in chemical and
 
biotechnical control measures we propose an integrated manipula
tion of the insect species infesting stored products. Figure 5
 
preeents an outline of a feed-back system wherein a pest popula
tion is under continual supervision and control by traps baited
 
with pheromones and food attractants in combination with Insecti
cide treatments timed in accordance. There are up to three suc
cessive treatments involved. The first one serves to detect an
 
infestation and to estimate its magnitude. For this purpose are
 
a few traps permanently confronted with the pest blotope. In the
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------- - -- -- -- -- ------- ------------ --

Family, Species and Sex Formula 	 Reference
 

Dermestidae:
 

Attagenus megatoma 	 (20) 
AOH 

(E,Z)-3,5-tetradecadienoic
 
acid
 

00
 
Attagenus elongatulus 	 vt/ \vC %/VV (21) 

(Z,Z)-3,5-tetradecadienoic
 
acid
 

Anthrenus flavipes 	 / P0 

/ V \ \C,%OH 	 (22) 

(Z-3-decenoic acid
 

Trogoderma inclusum
 

Trogoderma variabile 	 (23) 

HCH3 

(Z)-14-methyl-8-hexadecenal


'e0Trogoderma glabrum 


C, (23) 

CH3 
(E)-14-methyl-8-hexadecenal
 

Trogoderma granarium (Z)-14-methyl-8-hexadecenal (92%)
 

/\AI IAV 	\t\ % 
40 

(2k.) 

CH3 
(E)-14-methyl-8-hexadecenal (8%)
 

FIGURE 1: 	 Major pheromone components of some species of
 
Coleoptera, Lepidoptera and Orthoptera infesting
 
stored products.
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Bructidae: 

Acanthoscelides obtectu 

0 

AAA / CocH3'vvvv\v~v OCH 3 

methyl(-)-(E)-2,4,5-tetra
decatrienoate 

(25) 

Tenebrionidae: 

Tribolium confusum 

1-pentadecene

AA V\ /\V 
n-hexadecane (26) 

1-heptadecene 

Gelechiidae: 

Sitotroga cerealella /'' /\0.. 7\/\ 

0 

(Z,E -7,11-hexadecadien-1-yl 
acetate 

(27) 

Phycitidae: 

Ephestia elutella 
Plodia interpunctella 
Cadra cautella 
Anagasta kuehniella 
Cadra figulilella 

f 
(Z,E)-9,12-tetradecadien-1-yl 

acetate 

(28)(29) 

Blattidae: 

Blattella germanica 
0 

C 3 
3,11-dimethyl-2-nonacosanone 

0 

(30) 

HO CCH 3 (31) 

29-hydroxy-3,11-dimethyl-2-nona
cosanone 

FIGURE 1: Continued. 
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Fig. 2 (left). Trapping device for moths
 
infesting stored products. It is a sticky
 
paper strip (75x5 cm) provided with a poly
ethylene capsule (exchangeable) containing
 
the mein pheromone component from the fe
males of several phycitid species. An ade
quate amount of the attractive compound is
 
adsorbed on the plastic capsule, which en
sures slow vaporisation of the scent for
 
several weeks.
 

Fig. 3 (below). Contact trap for dermestid
 
beetles and larvae. It consists of four re
tangular sheets of gunny bag (11x9 cm) being
 
stitched together on one side, and impregna
ted by the main pheromone component. The in
sects are first lured by the scent evapora
ting from the trap and then retained between
 
its hairy sheets due to thigmotaxis.
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Fig. 4. PICL-Food bait trap for various stored
 
product beetles. An envelope [20xl0 cm] of
 
plastic or metal mesh [apertures 1.5 mm] is
 
filled with crushe& carobs, groundnuts, wheat,
 
raisins and possibly other food stuffs, and
 
closed. Attrated insects enter the trap
 
through the perforations and remain on the
 
food mixture (Pinninger 1975).
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- PEST POPULATION
 

c 	 Presence of a few pheromone and food 
attractant traps 

LOCATION AND ESTIMATION
 
Influx 

OF THE INFESTATION
 

Presence of numerous pheromone and food
 
attractant traps. Limited fumigation, if
 
necessary
 

SUPPRESSION OF THE PEST POPULATION
 

BELOW 	 THE DAMAGE LEVEL 

Complete fumigdtion of ie storage environ
ment 

ERADICATION OF THE
 

PEST POPULATION
 

FIGURE 5. Flow sheet of insect manipulation instorage
 
environment. The encircled numbers denote the
 
successive measures to be undertaken under the
 
conditions mentioned within the frames. 



second one, suppression of the discovered population below the
 
economic level is to be achieved. This step demands an adequate
 
Increase in the number of traps suspended so far. Control of
 
regional infestations may also be supplemented by fumigation (e.g.
 
with phosphine). The third treatment, complete fumigation of the
 
storage environment, iscarried out when a dense insect population
 
has become evident. If rapid insect eradication in a commodity Is
 
necessary, one has to Droceed directly from the detection of an
 
infestation to complete fumigation. Integrated manipulation of
 
storage insects by pheromones combined with insecticides Is con
siderably cheaper than insecticidal control alone. It also meets
 
the demand for methods of Drevention rather than of control, as
 
recently suggested by Burkholder (19).
 

Lon-	 tern studies on the supervision and control of
 
Ephestia elztia and Ploccia iterzoct-'Zla carried out In col
laboration with Drs. R. ohlgemuth and Ch. Reichmuth, Institut
 
fur Vorratsschutz, Berlin, support the possibility of introduc-

Ing the above scheme to +he practice of warehouse disinfestatlon.
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INTRODUCTION: tlicroclimatic cha..qes are effective In reducing
 
Insect populations; however, unexpected results such as Increases
 
of mite infestations, have occurred (I). Aeration to control in
sect infestation has met with limited success dlue to heavy Infes
tation (2) and with almost complete success (3).
 

Ozone as a Dotential agent to control insect pests In
 
stored products was ctcsen because of its oxicative ability to 
kill pathogenic bacteria (4, 5), viruses (6, 7, 8), fungi (9, 10).
 
One mechanism of da'age is associatej ..;ith a membrane effect in 
bacteria (II), fungi (10), 2reer plans (12), and mammalian cells 
(13, 14). Insect toxicity to ozone should rrove interesting be
cause of their tracheolar respiratory systeer: rather than the com
plex alveolar system of humans. 

Also, -zone is known for its radiomiimetic effects: muta
genicity in bacteria (II); chromosome breakacie in mice and chick
ens (15); chromratid oreakace in human tissue culture cells (16); 
and mitotic inhibition in oysters (17). A documented coffpilation 
of comparable effects of ozone aind ionizina radiation in living 
organisms includes these major areas: general, behavioral, con
genital, physiological, chemoprotection, biochemical and genetic 
effects (18). r-olecular events at the cel lu.lar level due to ozone, 
oxygen, and radiation were examined on the 3asis of interactions 
and the fate of free radicals in biological systers (19). 

Ozone, like ionizing radiation, for control of insects
 
might function as a killing agent and/or a sterilizing agent.
 

This report concerns the effects c4 ozone on specific
 
life cycle stages and on population performance of two species of
 
economically important insect pests of stored products, namely,
 
wild type strains of the flour beetles, Triboliion conf'usim and
 

T. castanetm. 

MATERIALS AND METHODS: dild type strains of the flour beetles,
 
Triboliwm confu.sw duVal and T. cactaneum Herbst,were cultured on 
standard food at 30±20C and 65-75 percent relative humidity.
 

An Orec M4odel 03Vi-O ozonator (Ozone Research and Equip
ment Corporation, 3840 North 40th Avenue, Phoenix, Arizona 85019,
 
U.S.A.) operated at 39 percent power setting, 46 volts, 0.50 amps
 
with clean dry air flow at 0.33 liter per minute produced 450 ppm
 
of ozone. A boric acid buffered potassium iodide absorbent and
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UV photometry were used to determine the ozone concentration (20).
 
All exposures were at room temperature in a vented hood.
 

Life cycle stages of both species as 15 and 20 day old
 
larvae; 23 day old white unpigmented pupae; 28 day old pigmented
 
pupae; and, stock adults were exposed to ozone for 1/4, 1/2, 3/4
 
hour and each hour and half-hour thereafter up to 7 hours. Five
 
samples of 20 individuals per stage were observed for lethality
 
and sterility one month after adult eclosion.
 

Single-species populations were begun with 50 stock
 
adults and 3 g food. Monthly three replicates were given: no
 
exposure-census-new food (control); air-census-new food; ozone

census-new food; or census-new food-ozone. Hereafter these groups
 
will be referred to as: control, A-C-F, O-C-F, and C-F-0, -nec
tively. Air or ozone was given for 5 hours. At each cens. M

bers of living and dead larvae, pupae and adults were counte
 
Dead forms were discarded. Largc larvae, pupae, and adults were
 
restrained in a 0.0278 inch U.S. Standard Sieve. In the flour,
 
larvae which were visible to the naked eye were counted and
 
returned to the other live forms.
 

RESULTS AND DISCUSSION: Ozone effects on specific life cycle 
stages. A differential lethal response to ozone on a species 
basis for a given life cycle stage Indicated that T. castanewn 
was consistently more ozone sensitive than T. confuswn at the 
stages tested except as 15 day old larvae at which time the 

sensitivities were comparable (Figure I). The 100 percent 
lethality induced by ozone for these species indicated that 20 day
 
old larvae, white or unpigmented pupae, and adults cr T. castanewn
 
were more sensitive than those of T. confuswn (Table I). For both
 

Table I. 	Hours exposure to 450 ppm of ozone which induced 100 per
cent lethality at specific life cycle stages of wild-type
 
strains of the flour beetles, Tribolini confusun and 
T. castanewn.
 

HOURS OF OZONE EXPOSURE FOR 100 PERCENT LETHALITY
 

LIFE CYCLE STAGE T. CONFUSU14 	 T. CASTANEUM
 

15 DAY LARVAE 3 1/2 	 3 1/2
 

5 1/2
20 DAY LARVAE 	 6 1/2 


WHITE PUPAE 5 1/2 	 3 112
 

6
PIGMENTED PUPAE 	 6 


5
ADULTS 	 6 1/2 
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species the youngest life cycle stage exposed (15 day old larvae)
 
was most sensitive; the white pupal stage was the next most sensi
tive. These highly metabolically active stages In which Immature
 
tissues are changing Into mature adult tissues reflect the greater
 
sensitivity to ozone.
 

The percent mortality at the life cycle stages for spe
cific durations of ozonation (Figure 2) showed that T. confusum
 
could exploit an ozone-containing environment more successfully
 
than T. castanewm could. All life cycle stages of T. castaneum
 
exposed 2 hours or longer of ozone were comparatively sensitive.
 

The mean numbers of T. confusun adults obtained after
 
ozonation of a life cycle stage (Table II) showed that sensitivity
 

Table II. 	Mean numbers of adults ± standard errors for Tri-boliwn
 
confusum duVal exposed to 450 ppm ozone for various
 
periods of time at different life cycle stages
 

LIFE CYCLE 	STAGE IN DAYS
 

MRS OF 0 is LARVAE 20 23 PUPAE 28 STOCK
 

3 	 2ADULTS
 

0 18 ± 19 ± 1 20 + .5 18 + 1 19 ± 

1 10 ± 3 16 ± 0 20 ± .5 19 1 1 20 ± 

2 3 1 15± 1 18 + .6 15 ± 2 18 1 

3 3±0 9± 1 6± 2 12±3 11± 1 
3 1/2 0 6 ± 2 3± 1 11 1 8± 2 

4 4 2 3± 1 13±2 13± 

' 1/2 5 1 2 1 S + 2 10 1 

5 3 3 2± 1 2±1 8± 2 

5 1/2 1 ± .4 0 2 ± 1 4 ± .5 

6 1± . 0 5 2 

6 1/12 0 
to ozone decreased with ontogeny from the larval through adult 
stages. The 20 day old larvae were unexplainably resistant to
 
lethal effects from ozone. In gene:-al, this ozone response fol
lowed that of Ionizing radiation induced lethality (21), namely,
 
sensitivity decreased with Increasing age.
 

Lethal effects of ozone on T. castanewn (Table IIl)
 
occurred at 2 hours exposure and thereafter. The older larvae
 
and pupae were more ozone resistant than the younger forms.
 
Older larvae and pupae were more ozone tolerant than the adult
 
stage. Pigmented pupae were the most resistant of all life cycle
 
stages. The lethal trend for T. castanezw exposed to ozone did
 
not follow that for ionizing radiation (21, 22).
 

One might postulate similar oxidative mechanisms for
 
ozone and ionizing radiation induced lethalitles for T. confusun.
 
Radlomimetic effects of ozone were documented for Chinese hamster
 
cells (23, 24), E. coli (II), Vicia faba root tip meristems (16)
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rather than on older ones. This response Is also a typical radia
tion response In studies featuring ontogeny (22).
 

Overall, ozone had a greater adverse effect on population
 
performance of T. castaneum than that of T. confumsn but signifi
cantly reduced population size for both species. The reproductive
 
potential of T. confusum seemed more conservatively determined by
 
the genotype thus maintaining a gene pool less easily changed by
 
environmental conditions. Supportive evidence was found in these
 
two examples: (I) When temperature (33) was an environmental fac
tor T. confusum performed better in mixed-species culture than in
 
single-species culture; (2) T. confusum also was more productive
 
than T. castanewn at 320C under chronic gamma radiation of 49 R/
 
day and 170 R/day (34).
 

Unexpectedly, during the first 5-6 months more larvae
 
were observed in the A-C-F and C-F-O populations of T. confusun
 
than in the controls (Figure 4A) indicating a stimulation of
 

TABLE III. 	 Mean number of adults ± standard errors for Tribolium
 
castaneum Herbst. exposed to 450 ppm ozone for various
 
periods of time at different life cycle stages
 

LIFE CYCLE STAGE IN DAYS
 

LARVAE PUPAE
 
HRS OF 03 is 20 23 28 ADULT
 

0 19 ± 1 1 1 19 1 18 1 20 ± .4
 

1 18 + 1 16 8S 1 16 2 18 ± 1
 

2 5± 1 8±2 9±2 9±2 6±2
 

S 2±1 4 1 ±.3 8±+2 3±.6 

3 1/2 0 2 ± .5 0 8 ± 2 2 ± .8
 

4 2±1 6 2 1±2
 

1/2 1 ± .7 3 ± .7 .2 ± .1
 

S.4 ± I 1 .7 0
 

5 1/2 0 .5 ± .5
 
6 0
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and microsporocytes (25), chick fibroblasts (IQ5and nuclelc acids
 
(26, 27). Similar type chromosome aberrations were reported for
 
barley (28) exposed to hydrogen peroxide 'precursors' which are
 
active radicals (OH and H02) formed by high-energy radiations In
 
water (29) or protoplasm and by the decomposition of ozone In
 
solution (30).
 

The failure of T. castane,o,,to respond to ozone in a way
 
similar to that of ionizing radiation like T. confuswn did remains 
an enigma. One would expect that similarities of morphology and
 
ecological requirements of these two species were endowed by
 
similar metabolism and physiology which would respond to environ
mental stimuli in much the same way. Such was not the case at
 
least for the postulated r'echanism of reoction for ozone and
 
ionizing radiations.
 

Observations indicated that any resulting adults were
 
able to reproduce, but no auantitative Qata ,ere recorded. Since
 
survivin adults were fecund and ferti I, a lack of gonad differ
ential sensitivity nuring development to ozone is in opposition to
 
the ionizin2 radiation response for tese species (22). Ozone 
exposure for i nours (no conentration niven) had slight effect on 
egg hatch and no effect on lar ae or ',Jae sf three diptran spe
cies (31). In another series ,f experi'ent (32) the presumed 
ozone concentraTion reached 0.3 p- or greater and after 22-26 days
 
continuous exposure, no effects were noted for cockroaches,
 
Peripaneta ... "r.c=c. (L. ), -oi c'. (C liver) and the red 

e
fire ant, 2. o ...ia Ct Buri 
Insects are the Yost 3zone tolerant organisms of which 

I know; nevertheless, their control by ozonation seems promising. 
They are also among tne most radiation resistant rulticellular 
organisms, insofar as induced sterility and/or lethality is 
concerned.
 

*zone effects on single species populations. Counts of 
the mean numbers of larvae in all T. ca tn.a:w populations Indi
cated that all treatments had an effect. These data presented as 
percent of control (Figure 3A) showed:(I) all treatments reduced 
the numbers of larvae; (2) A-C-F populations had the larval seg
ment reduced to approximately 60 percent; however, an increase 
was noted after the 12th month; (3) the C-F-O populations per
sisted after month 4 with about 35 percent of control values;
 
(4) the larval component of the O-C-F groups was sevorely reduced
 
to less than I0 percent of the control. After 4 or 6 months, the
 
larval populations reached the carrying capacity which remained
 
relatively constant for the specific environment until the experi
ment was terminated except in the A-C-F populations in which an
 
Increase occurred.
 

The adult data presented as percent of control (Figure
 
3B) for T. castaneun reflected the performance of the larvae for
 
a given set of experimental conditions. Apparently the adverse
 
effects of air and/or ozone were on a younger life cycle stage
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oviposition. This response was also reported for house flies
 
(31, 35). During this time ifcompetition had been lessened by
 
providing more food, perhaps more larvae would have developed Into
 
adults. Such a stimulted reproductive response would be economi
cally attractive to insect culture facilities.
 

By month 9, C-F-O populations again showed an Increase
 
in numbers of larvae over control values. The larvae in the O-C-F
 
populations were consistently approximately 35-40 percent of
 
control values.
 

Numbers of T. confitsum adults in A-C-F populations were
 
comparable to those of controls (Figure 4B). Numbers of adults in
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theO-C-Fand C-F-O populations were significantly below control
 
conlevels and maintained their numbers at 30 and 55 percent of 


trols, respectively, during the 15 months.
 
Based on progressively higher values for cumulative num

live adults within a species and between different environbers of 

mental conditions, the populations could be ranked for T. confusum
 

Figure 5A): O-C-F<C-F-O<A-C-F = control; for T. catcanczon (Figure 

56) O-C-F<C-F-O<A-C-F<control. These data showed that 5 hours'
 
adult flour beetles in
exposure to 450 ppm 03 reduced numbers of 


ozonated populations of
populations of either species; and, 

T. cLnf:usw,,i continued to increase in numbers of adults during the 

experimental 15 months; whereas, those of T. cztanoezzn persisted 
at relative constant levels: 50 to 70 for 0-C-F and 150 to 200 for
 

C-F-O.
 
The total numbers of living forms for the populations of
 

T. confusz.e (Figure 6A) and T. catancwr (Figure 6B) presented on 
important In an
a cumulative basis showed several trends which are 


insect control technique program. Under these experimental condi
retions ozone is nOT effective as a control aqent; although it 

duced numbers in the populaticn, it did not eliminate the popula

tions or reduce their numbers to economically insignificant values. 
The ozone sti ulation of productivity indica+ed by the T. conf'usum 

larvae (Figiure zA0 .as not reflected in the total numbers of living 
haca residual toxic effect which occurred
forms. PerhaDs czor: 


before the pusal stane.
 
Data for pupae were not given because in all groups the
 

numbers of pupae ranged between 2 and I0. This was expected
 

because the pupal staoce is very brief compared to larval and adult
 

stages.
 
One might anticipate that ozone would react with and 

cause the flour to have an adverse effect on those who ingested It;
 

however, for both species the opposite res ,nso w.s observed
 

(Figure 6), that is, C-F-D populations porforr,ej better than O-C-F
 

populations. Perhaps the increased activit/ (metabolism) of
 

census taking irmediately after ozore exposure in the O-C-F popu
lations accentuated the toxic effects of ozone.
 

Each ecological condition resulted in a different popu

lation maintenance pattern for the flour beetles (Figure 6). The 

separation of population census curves was more pronounced for 

T. castaneum (Figure 6) than for T. confuczt (Figure 6A). Con

trol populations of T. cactaneum contained more adults than those 
of T. confusum under these experimental conditions; however, 

ozone exposure more adversely affected populations of T. castaneum 
than those of T. confuoiwn. 

The population reduction by air exposure was unexpected.
 

One might postulate a physical effect due to particles of flour
 
and/or yeast Interferring with beetle respiration because the air
 

or ozone was given such that a constant flow at 0.3 liter per 
minute went through the flour containing the flour beetles. Such
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Individuals.
a hypothesis was not supported by the number of dead 


The numbers of dead Triboliwn seemed to cluster In two groups for
 
namely, the control and A-C-F populations
T. confusum (Figure 7A), 
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and the O-C-F and C-F-O populations with the latter group contain-

Ing more dead Individuals than the former. One would conclude
 
that ozone was more toxic than air or no treatment. These two
 
groups were not as clearcut for T. castaneum (Figure 7B) as they
 
were for T. confuswn.
 

These experiments showed that flour beetles, an economi
cally Important pest in stored food products, were resistant tD
 
high concentrations (450 ppm) of ozone given for long periods of
 
time (5 hours). Perhaps ozone would predispose flour beetles to
 
radiations for an effective control program; their action could be
 
synergistic as reported in mouse studies concerned with C 3 H
tumors (36) and mortality (18) and in E. coli repair of DNA (II).
 

Another aspect of ozone In the control of harmful insect
 
species in stored-products concerns the effects of ozone on the
 
stored-product per se. Perpaps a highly oxidizing agent like
 
ozone would change the stored-product making it objectionable to
 
taste, in appearance and for marketability.
 

CONCLUSIONS: 1. Although 5 hour monthly exposures to 450 ppm 03
 
at 0.31/min. reduced the numbers of individuals in populations of
 
T. confusum and T. castanewn, they did not result in elimination
 
or a significant decrease in numbers which would be useful for a
 
control program of these flour beetle species.
 

2. T. castanenm, was more ozone sensitive than T. con
fusum at the life cycle stages investigated. 

3. Induced lethality during ontogeny of T. confusum
 
exposed to ozone followed that induced by ionizing radiations;
 
consequently a similar oxidative effect mechanism is hypothesized.
 
No comparable trends were noted for T. castazeum, except that the
 
oldest life cycle stage (adult) was more ozone resistant than the
 
youngest stage (15 day old larvae).
 

4. During the first five months of culture, ozone had
 
a stimulating effect on productivity of T. confusum; a similar
 
effect was not noted for T. castanetm. 

5. One hour exposure to 450 ppm ozone at a flow rate
 
of 0.3 I/min had no effect on either species as 15 day old larvae
 
or older stages.
 

6. Within seven hours exposure to this ozone, lethality
 
to all living forms Including adults of both species was observed.
 

7. Control of flour beetles by ozone in stored products
 
seems unlikely; however, ozone In an integrated control program
 
might prove beneficial.
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THE BIOLOGY AND IMPACT OF THE PREDATORY BUG
 
XyLOCORS FLAVI-ES (REUTER)
 

RICHARD T. ARBOGAST
 
SEA, USDA
 

Savannah, Georgia, 31403
 
U. S. A. 

INTRODUCTION: X Zocoris fTlav,'es (Reuter) and several other 
anthocorid bugs of the subfamily Lyctocorinae frequently occur as
 

predators in storage ecosystems. The cosmopolitan species
 

Lyctocoris cxcs*/r,s (F.), for example, is found in granaries as
 

well as in a w'ide variety of other habitats; and Xylocoris 

galctin:us (Fieter), a species found chieily it, habitats where 
the temperature is high, has beer recordec fro" heating grain in 

(2). AIso, the .,us r,l iai speciesScotland (I) a-d Canaaa 
X ,'OCos ,,_,7,. . Gross 'as been reportei from stored 
peanuts in .ueenslan (3), ans ve vave col Icced .. ccoris 
sordi,-;1s (Reuter) and ..,e.r2'c:;rbsi. , (Dufour) from stored 

peanuts in Gearg ia. (.lococ.-a , oo occurs in Central and 

South America as "cS I as i n the 'nrIited Sta:tes, and 2. ate., is 
indigenous to Erope, 'orn Africa, th ast, where it 

is fount Deneath the :arrx 0 various Trees, u it has been 
collected a numrer of times from siores products ir ;orth America.) 
N/idicoicza.a, o,"'"ri'arris -n., Drake, :,-ci limited in distribu
tion to Cal ifor-ia, Arizcna, ar-.d ncrioherr, Soora, .exico, has 

been col leatec from caro in h..at caves, zags of cottonseed meal, 

the nest of a ,.ooe raT, cayln,7 ZaTe5, and : clture of Si-.tot..a 

cerealeicz (-livier) (4). 
The :-io~cgy cf those Lsgs an ir rale in regulating
 

poDulations of storage pests iave ueen largely neglected. It is 
important that this role de determined, frst, because such
 

information is essential to understancing he. storage ecosystems
 

function; and second, Decause it must ,nown cefore the poten
tial of these predators as biocontrol acerTs can be evaluated.
 

The present paper describing our current knowledge of 
the biology and prey relationships of Z. fZavires is a synthesis
 

of previously published work and rew information recently develop

ed at the Savannah Laboratory. Ulocoris f'lVipco w.as selected 
for study at Savannah because it was readily available and
 
because it is a widespreac and relatively common species of 
storage ecosystems. IT is found througihout the orld in stored 
commodities anc in cargos infested by the i That serve as 

its prey, and although Carayon (5)mentioned itat certain local

ities of capture, such as in the Canary Islands, suggest that it 
may sometimes occur outside the storage habitat, he utated that 
this was not cer t ain.. The cultures of X. flaoiviyc maintained at 

Savannah were started with insects collected in rooms at the 
laboratory where large populations of stored-product insects were 
maintained to test insect-resistant packaging. Beyond this, the 
origln of the Savannah material is unknown. 
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Fig. 1 	
Xylocoris flavipes. 
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,
brachyp

terous 
adult female; 

c-f, 
development 
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pads 
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n
 

instars 
1-4 

(not to 
scale). 
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Fig. 2 egg. a, antero-lateral view; b, detail of operculum and
 
expanded rim of chorion.
 



LIFE HISTORY AND DEMOGRAPHY: The developmental stages of
 
X. fZavipes were described by Arbogast et al. (6)and Awadal lah
 
and Tawflk (7). The adults (Fig. ib)are shining brownish black
 
with sparsely distributed pale setae. The rostrum, antennae,
 
legs and hemelytra are brownish-yellow. The cuneus, the distal
 
portion of the corium, and the inner margin of the clavus are
 
tinged with black. The membrane is hyallne and without veins.
 
The compound eyes are dark brown and the ocelli are red. The
 
pronotum is somewhat convex with immarginate sides and very
 
slightly rounded anterior angles. The scutelium is raised
 
anteriorly. The antennae are 4-segmented v.ith the 3rd and 4th
 
segments much thinner than the other two and clothed with long
 
erect setae. The rostrum and tarsi are 3-segmented.
 

The sexes can be distinguished by the shape of the
 
abdomen, which is bilaterally symmetrical in females but in males
 
Is notched on the left side of segments 8 and 9. The aedeagus
 
arises within the 9th segment and is directed to the left.
 

Brachypterous and macroptercus forms occur in both 
sexes. The hemelytra of brachypterous adults do not reach the 
posterior margin of the 4th abdominal seament; those of the 
macropterous form always extend we I I beyond this segment and may 
reach the tip of the abdomen if the abdomen has not been distended 
by feeding. The brachypterous form is by far the more common of 
the two and in a sample of 105 adults 46 were brachypterous
males, 425 brachypterous females, 3", macrcpterous males and 90 
macropterous females. 

As in most anthocorids, copulation in . lavipes is 
extragenital traumatic (5), and seminal stimulus is necessary for
 
normal egg oevelopment (8). The aedeagus of the male, which is 
sclerotized and sharply pointed, pierces the inter-segmental
membrane between the 2nd and 3rd abdominal tergites of :1he 
female. Sperm are deposited directly into ihe haemocoel and 
migrate to the ovaries. The points of penetration are marked by 
plugs of tanned cuticle (copulation scars) thai can be observed 
readily in specimens mounted and cleared in polyvinyl alcohol
lactic acid-phenol.
 

Awadallah and Tawfik (7) stated thal mating usually 
occurs on the day of adult emergence. However, it appears from
 
our observations that females are not sexua ly mature unti I or
 
2 days later. When females were held for I or 2 weeks after the
 
final molt and then paired with males, partially developed eggs

could be observed in cleared specimens within I day, and oviposl
tion began within 2; wher they were paired as soon as they

emerged, oviposition did not begin for 3 or 4 days.
 

The eggs (Fig. 2), which are scattered loosely through
out the hauitat, are ellipsoidal, and the anterior end is capped
 
by a nearly circular operculum surrounded by an expanded rim of
 
the chorion. The chorion is marked by a faint reticulate pattern
 
of polygons. The operculum bears a prominent tubercle at its
 
center, which, In scanning electron micrographs (Fig. 2b), appears
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to consist of a mass of nodules that have coalesced after deposi

tion on the chorlon. Newly deposited eggs are nearly colorless
 
except for the rim of the chorlon and the tubercle, which are
 
white. As the eggs develop, they acquire a pale brownish yellow
 
hue, and red eye spots appear about 2 days after oviposition
 

(30). Shortly before hatching, the eggs become deeply indented,
 
and the red markings of the nymph are clearly visible.
 

At 30' C, the eggs natch in 4 to 5 days. The nymph 
emerges by fcrcing open the operculuf-, ,wihich usually remains 
attached to the shell by the embryonic cuticle. 

The nymphs (Fig. Ia) are shining ant cnarsely setose. 
The head is triangular, about as broad (acrOSS-. e eyes) as long. 
The thoracic nota are all transverse. ,htarsi are 2-segmented 
with the Ist seaqmert m.ri,shorter nIhan Tne nr. The 3rd, 8th, and 
9th abdominal terca each -two lng se t e, cr.. on either side. 
Those of the 3rc seqeT are locate nr T!e milI; the others 
are situated near the lateral mar7ins. Tnere )re four pairs of 
dorsal adominal scent 7nlr ornznirnq lslo: .,air between 
segments 5 an 4, 4 an_ . 5a5. ,n, .,itn tne openings of each 
pair joine: by a crcove, a se-paraTec sir eT-i.,een segments 6 
and 7 '.,th te c:eni-. s siS ly mesaeS offers.- h 

Awatala a an T...i (7) repcrT: ha tnere are usually 
nymphal instars, TnOD tre n.r-ber r ne rrm 2 to 6. 'e have 

never o.served a, nr other Tran . instars differ mainly 
in size, deveapm -of ne vinc pans, an: color; but color varies 
consideraoly ,,ithin a civen stare, partic-larly among 4th and 5th 
instars. 

First-ins-tar numshs average 0.7 mm long. The body is 

pale crownish-yellow laihtly suffused with orange-red, especially 
on the head and thorax. Tne head and -horax are tinced with 

-black, and the 4th and 5tn abdominal ter a are each marked with a 
median orange-re: spot. The eyes are ee-,trio,. red. The legs, 
antennae, and rostrJm are nearly colorless e foeTfor *afaint
 
black tinge on the antennae. 'ing rds are Incirig, and there are 
two long setae on the 4th abdominil terrsm, one near each lateral 
margin. These setae are lacking in later instars. 

The orange-ret suffusion usually becomes more extensive 
and intense after the ISt molt, ant reveloping ocelli appear after 
the 2nd molt as srall orange-re: spots. xtensive black colora
tion first appears in the 4dh instar but occurs more comronly and 
Is usually heavier in the 5Tn. 

Flfth-instar nyr.-:s (Fir. [a) arc dark urovjnish-yellow 
to brown with pale brownisn-yel lo,' legs, antennae, and rostrum. 
The heed and thorax, except for the scutel lum, are tinged with 
b Iack, espec i on the ,,, pads. The abdomen beaI Iy ing may a Iso 
tinged with black and marked by a row of diffuse black spots on 
either side of the dorsum, but such black coloration is often 
faint or absent. In dark nymphs the median abdominal spots appear 
reddish-brown. In light nymphs they are orange-red as in earlier 
I nstars. 

95
 



Development of the wing pads provides the most reliable
 

method of separating instars 2-5. Wing pads first appear in the
 
2nd Instar as barely perceptible protrusions on the latero
posterior margins of the meso- and metathoracic nota (Fig. Id).
 
Mesothoraclc wing pads are well developed in the 3rd instar (Fig.
 

le) but extend only slightly beyond the mid-posterior margin of
 
the mesonotum. Inthe 4th instar, they extend well beyond this
 
margin (Fig. If) and In the 5th instar they reach the tips of the
 
metathoracic pads (Fig. la).
 

The mean duration of nymphal instars 1-4 Is 2 days each
 
at 30' C; the mean duration of instar 5 is 3 days. The lower
 
developmental threshold apparently lies between 15 and 200 C.
 
Eggs failed to hatch at 150 C, and when they were held at this
 
temperature for 16 days or more, they failed to hatch even after
 
they were transferred to temperature of 300 C (9). Also, exposure
 
of eggs to 150 C for 6 days or more caused a sharp increase in
 
subsequent mortality of Ist-instar nymphs. At 20' C development
 
was protracted, and the duration of the developmental period was
 

highly variable (10). As temperature as
.- increcsed from 20 to
 
300 C, developmental time decreased and became less variable, but
 

a temperature increase from 30 to 350 C produced little further
 
change (Fig. 3a). Pate of development was not significantly
 
Influenced by humidity.
 

The effect of temperature and humidity on various other
 

population parameters is illustrated in Fig. 3. These isopleths
 
of the population parameters were constructed from previously
 
reported data (I0) by using a response surface technique that
 
employed cubic equations in temperature and humidity. The lowest
 

° 

mortality among eggs and nymphs occurred bet,'.ccr 20 and 30 C 
(Fig. 3b). Intermediate humidities favored survival above 25' C, 
but below this temperature higher humidijs acre more favorable. 
Adult lifespan and oviposition period (Fi: . d) were longest at 

low temperatures and intermediate humidities. _'.oth became pro

gressively shorter as temperature increasecl, arnd lhe maxima
 
shifted to progressively higher humidities. The maximum number of
 
eggs was laid between 25 and 280 C (Fig. -5e). Humidity had little
 
effect on oviposition below about 60" RH, but the number of eggs
 

laid diminished with increasing humiaity above this value. The
 

rate of population growth was greatest within t-e zone bounded by
 

29 and 310 C and 60 and 70"' RH (Fig. 3f). It declined rapidly
 

with increasing temperature above 330 C, especially at low or high
 

humidities, and also declined, but more gradually, with decreasing
 
temperature.
 

PREY SELECTION: Xylocor-s flavipes does not show a high degree
 

of prey specificity. It is known to prey on at ieast 13 species
 

of Insects belonging to 3 orders (Table I), and it will probably
 

kill any prey that It can overpower. It does, however, seem to
 

prefer certain species and stages over others, but these prefer
ences probably reflect variable success in attacking prey that
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Table I. Species of insects on which X. fZavipes is known to prey.
 

Taxa Selected references
 

Coieoptera 

Anobiidae 

Lasioderma serricorne (F.) 

Bostrichidae 

(11) 

Rhyzopertha dominica (F.) (12) 

Cucujidae 

Oryzaephilus.surinonensis (L.) 

Cathartus quadricollis (Gu~rin-M6nevill

Dermestidae 

e) 

(12), (13), (14) 

J. W. Press (Personal communication) 

Attagenus megatoma (F.) 

Trogoderma granariwn Everts 

Tenebrionidae 

(15) 

J. L. Herring (Personal communication)2 

Tribolium castanewn (Herbst) 

Tribolium confuswir Jacquelin duVal 

(12), (14), (16) 

(12), (17) 
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Table I. Continued.
 

Taxa Selected references
 

Lepidoptera
 

Pyralidae
 

Ckzieria mellonella (L.) H. M. Graham (Personal communication)3
 

Ephestia cautella (Walker) (14), (18)
 

Piodia interpunctella (Hubner) (6), (II), (12)
 

Gelechiidae
 

G. L. LeCato (Personal communication)'
Sitotroga cerealella (Olivier) 


Hymenoptera
 

Braconidae
 

Bracon hebetor Say (19)
 

Unpublished experimental data. 

2 Specimens in U.S. National Museum collected in Arizona in association with T. granariwn. 

In cultures on honey combs at Tucson, Arizona. 



differs In size, vestiture, degree of sclerotizatlon, defensive
 
behavior, or other factors.
 

Jay et al. (12) reported that 0. surinaensis was the
 
most vulnerable to X. flavipes of the species that they studied,
 
followed In order, by T. confusum, T. castaneum, and R.
 
dominica. LeCato and Davis (II)also found definite prey prefer
ences when the larvae of various species were exposed to
 
X. fZavipes: Oryzaephilus surinamensis was again the most
 
vulnerable followed, in order, by T. castaneum, L. serricorne,
 
and P. interpunctelia. Moreover, the predator killed more early
 
stages of the larger species (T. castanewn and P. interpunctella) 
and more late stages of the smaller ones. The authors suggested 
that the size and thrashing movements of T. cactaneum and 
P. interpunctella larvae when attacked may intimidate the predator 
and that the hirsute nature of L. cerricorn.e larvae and the media 
clinging to their bodies may help discourage predation. 

LeCato (15) subsequently demonstrated a clear prefer
ence of X. flavipes for T. castanucri larvae over those of A. 
megatoma and for certain stages of T. caataner over others. He 
suggested that this preference could result from a numLtr of 
factors Including the larger size, heavier sclerotization, and 
heavier vestiture of A. meoatovza or could perhaps reflect chemical 
differences. In these tests, the predator killed more 7. castan
eum than A. megatoma, regardless of w.hether the two species were 
exposed together or separately. However, it killed more 
A. megatoma when no T. castane n were available than i-t did 
otherwise. This suggests that the persistence of attack increases 
with hunger and T1hat it w'ill kill prey when faced with starvation 
that it would otherwise reject. When a I I sta,jes of Z. castaiewn 
were available X. flavipes concentrated on The immobile stages 
(eggs and pupae); ihey attacked fewer larvae an' i lied very few 
adults. Xylocoris nymphs destroyed more eggs but fewer larvae 
and pupae than did adults. In fact, younc nymphs were unable to 
feed on T. castanwn pupae and died of starvation when no alterna
tive prey was offered. Predation on each stage was greater when
 
only one stage was offered at a time, but the number of adults
 
killed was still very low.
 

REGULATION OF PREY POPULATIONS: The importance of X. flavipes in
 
regulating populations of storage pests and its potential as a
 
blocontrol agent can be assessed on the basis of the results of
 
several experiments inwhich the predator was either added to or
 
excluded from Infested commodities.
 

The impact of X. flavipes on populations of T. castaneum 
was demonstrated by Press et al. (16) In an experiment with 
Infested lots of inshell peanuts (groundnuts). They placed each 
lot (ca. 210 liters) in a plywood bin with a capacity of about 
1800 liters and then added adult beetles at a rate of 2.3 pairs 
per liter of peanuts. One week later, they added adult predators
 
to all but one bin at rates of 0.3 to 2.3 pairs per liter.
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15 weeks after the peanuts were infested showed
Samples taken 

that the predator had suppressed population growth of the beetle
 

and had reduced the number of damagea peanut kernels by more than
 

X in the bin that
66%. The beetle population had increased over 


received no predators but had decreased 20 to 80n in the others,
 

the predators.
depending on the initial density of 


ylocoris flawlyes had an even greater impact on
 

0. s:i- n sis in small lots (ca. 32 liters) ofpopulations of 
shelled corn (maize) contained in fiber drums (ca. 98-11ter
 

capacity) (13). Suppression of the beetle ranged from 97 to 99%.
 

Populations that were free from predation increased more than
 

1900X in 15 weeks from an initial density of 0.6 pair per liter 

of corn. When predators were added lo the drums (I week after 

liter, increase in thethe beetles) at a rate of 0.2 pair per 


beetle population was reduced to 65X, and when predators were
 

or 0.9 pair per liter, increase was
added at rates of 0.3, 0.6, 


reduced to ca. 20X.
 
Lecato et al. (14) showed that X. fklwipes can complete

0. s isis, and
ly suppress populations of j. castanea,% 

They
E. ca:ntela in warenouses containing only grain debris. 


two rooms
introducec 15 pairs of each pest species into each of 


adult predators to one
in a warehouse and then added 30 pairs 3f 

of the rooms a *eek later. (A small quantity of rolled oats had 

been scatTerec over the floor to simulate grain debris.) All 

three pest species ircreased stezdily in the room that received 

no predators and reached population levels in excess of 2500
 

after 103 cays. "hen predators were present, the pest popula

or 50 cays and then declined to
tions increased over the first 25 

introduced.
levels below tnose at which they were 


The
CHARACTERISTICS THAT DETERMINE EFFECTIVENESS AS A PREDATOR: 

Ly adding X. fiavipes to
suppression of pest populations achieved 


infested commodities is evidence that The predator has a high
 

find prey when prey Is
searching capacity, that is, it is able to 


scarce. A capacity to survive between contacts with suitable
 

prey is an obvicus and important element of this searching
 

Although Z. flcvipes is not very resistant to starvacapacity. 

tion, it can survive and develop with relatively little food.
 

LeCato and Collins (20) found that some X. flavipes
 

nymphs (65%) could complete development on as little as I eng, I
 

larva, and I pupa of 1. cactanewn per week and that the rate of
 

development was the same as in nymphs provided with an excess of
 

the same prey. When only 6 eggs were provided each week, the
 

time required for development more than doubled, but 79% still
 

survived to adulthood. When the weekly ration was reduced to I
 

larva, only 33% survived, and none survived on 3 eggs per week.
 

Adult longevity also decreased as the weekly ration of prey was
 

reduced. When weekly feedings consisted of I larva, 6 eggs, or a
 

I pupa, adult lifespan averaged
combination of I egg, I larva, and 


12 days, 26 days, or 38 days, respectively.
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Arbogast et al. (21) showed that Ist-instar X. flavipes
 
nymphs are quite susceptible to starvation and can survive without
 
prey for only about 3 days at 200 C or 2 days at 300 C. Late
stage nymphs (4th and 5th Instars) can survive 3 or 4 times this
 
long, and adults can live without prey for I or 2 weeks at 200 C
 
or 4 to 6 days at 300 C. Females are more resistant to starvation
 
than males, and virgin females are more resistant than mated
 
females. In some mated females, eggs either fail to develop or
 
are resorbed when no prey is available. In others, eggs develop
 
and sime oviposition occurs. About 60% of the starving females
 
examined laid from I to 8 eggs before they died, but no partially
 
or fully developed eggs remained in any starved females at the
 
time of death.
 

This susceptibility of X. fZavipes to starvation is
 
compensated for, at least in part, by a pronounced cannibalistic
 
nature (22). Nymphs as well as adults prey readily on members of
 
their own species, and a small percentage of nymphs can complete
 
development when no other prey is available. All nymphal instars
 
are attacked, but the heaviest mortality is inflicted on the Ist.
 
The eggs are apparently protected by a tough shell and are not
 
vulnerable until they begin to hatch, r.o successful attacks on
 
healthy adults have been observed, although both nymphs and
 
adults will feed on dead adults and may also feed on those that
 
have become moribund.
 

Cannibalism serves as a mechanism to reduce population
 
density before starvation causes mortality or loss of reproduc
tive ability; it also contributes to searching capacity by
 
extending survival time when prey is scarce. The rate of canni
balism is influenced by hunger, and cannibalistic predation among
 
nymphs intensifies as the population density, and hence competi
tion for a limited supply of prey, increases.
 

In addition, X. flavipes has a high capacity to increase
 
In numbers relative to its prey and a high capacity for prey
 
consumption. Its maximum rate of increase is 72 per lunar month
 
(10) compared with 50, 70, and 50 for 0. suricvnensis, T. 
castaneum, and E. cautella, respectively (23). Also, it destroys
 
large quantities of prey when prey is abundant (20). When an
 
excess of eggs, larvae, and pupae of T. castanewn was provided,
 
each predator killed an average Df 405 eggs, 4 larvae, and 8
 
pupae during its lifetime. When the various stages of prey were
 
provided together, each predator killed an average of 405 eggs, 4
 
larvae, and 8 pupae during its lifetime. When the various stages
 
of prey were provided separately, each predator destroyed an
 
average of 539 eggs, 34 larvae, or 14 pupae.
 

The ability of X. flavipes to survive on relatively
 
little prey, its cannibalistic behavior, its high capacity for
 
increase In numbers, and its high capacity for prey consumption
 
contribute to its effectiveness as a predator. Perhaps its most
 
Important limitation Is its Inability to gain access to certain
 
species or stages of storage pests. Because its mouthparts are
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Incapable of penetrating seeds or any very hard substance, it 
is
 

For

Ineffective against most species that develop within seeds. 


was tested against Sitoplzilus oryzac (L.) and
 
example, when It 


it did not suppress populations of
 Callosobrchthis maculat-s (F.), 
Press, personal communica

either species (G. L. Lecato and J. '1,1. 


it ,:as tested against SitotrOa c3rcaZlla, ittion). VJhen 

achieved some suppression h,' destroying the exposed eggs and
 

(G. L. LeCato, personal communication). However,

neonate larvae 

the larvae bored into the kernels of grain soon after hatching
 

and once inside they were protected from attack.
 
is also limited by the
The effectiveness of X. f'.ai~O, 

occurs. The predator


texture of the comnmodity in which ;ts prey 

w'ith large interstitial
 can move freely throughout material 


divided material i-3 novements are restrictspaces, but in finely 

Thus the deeper layers


ed to a shailo'w,; layer near the surface. 

The effect of commodity
provide a refLge for :urrc',ing prey (2-). 


demonstrated by
:ecree of suppression actieved w.as
texture on ti-,e 

ire prey species. In rolled


LeCato (17) v.'o used 7. f as 

access to all stages
the predator nac full 


anc ospulatio prow-tn .as effectively suppressed.

oats and ,.,hole 'FeaT 

of the prey, 

On cracked ,,neat, suppression was somewhat reduced, and there was
 

--.,wn:le wheat flour.
on
no suppression of ,:ac: 


CONCLUSION: 'Despite its limitations, A. flauipec possesses
 

attributes that make it an effective predator of certain stored

product insects, an. it can play a significant role in their
 

natural regulation. Furthermore, in a relatively controlled
 

storage envircnrenT it should be possible to achieve a high
 

degree of control by augmenting natural populations. ,'hether
 

this aecor';es acceptable and economica!ly feasible will depend
 
influence public
largely on future circumstances thaT could 

to other control
attitudes and cost-benefit ratios relative 

(I) development of
methods. Such circumstances could include: 


costs of developing,
pest resistance to chemicals, (2) increaseci 


producing, and applying pesticides, and (3) stricter regulations
 

due to public concern about the health and environmental hazards
 

of chemical pesticides (25).
 
Stored-product arthocorids other than A. flavipes
 

on the basis of what we
remain poorly known. It seems likely 


have learned about X. fLavipes that they too play a significant
 
as biocontrol agents.
role in natural regulation and may be useful 


However, this supposition must be verified by detailed studies 
of
 

their biology and prey relationships.
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A CONTROLLING EFFECT OF A JUVENILE HORMONE ANALOGUE
 
ON EPHESTA CAUTELA (WLK.) BY NON-DIRECT APPLICATION
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The Volcani Center, P.O. Box 6 

Bet Dagan, ISRAEL 

INTRODUCTION: The effects and feasibility of juvenile hormones
 
(JH) and of juvenile hormones analogues (JHA) as control agents
 
for stored product insects has been extensively studied and
 
reviewed (3,4, 5, 6, 15; for more references, see 13). The
 
insect specificity revealed by these control agents, the non
toxicity to warm-blooded animals (I),and their non-toxic degrada
tion products (12),offer some advantages especially where toxic
 
insecticide residues are of areat significance, e.g. instored
 
food. Some of the main difficulties in Using JHA for the control
 
of stored product insects stems'.from two facts:
 

(a)The insects comprising the multi-species community that
 
Is usually associated with stored products differ in their sus
ceptibility (13, 14, 16);
 

(b)The different species differ also intheir behaviour and
 
distribution within a grain bulk or a stack of bags--a fact that
 
complicates even more the logic of JHA application.
 

One of the most common stored product pests, against

which some JHA have been shown to be effective, is the almond moth,

Ephestia cautella (Wlk.). The efficiency of controlling E. cautella,
 
as well as other stored product moths with JHA, has been demon
strated mainly by mixing the JHA with the food substrate (3,4, 5,

14). Another possible approach could be to take advantage of a

fundamental biological difference between E. cautella and most
 
other stored product insects, i.e., the fact that the fully grown

larvae, as well as the deposited eggs of E. cautelia, come in con
tact with the surface of the infested bulk.
 

The purpose of these experiments was, therefore, to
 
evaluate the effectiveness of a JHA for the control of E. cautella
 
experimental populations that either received direct sprays or
 
were brought Into contact with previously treated surfaces.
 

MATERIALS AND METHODS: The insects were reared on ground wheat
 
(12% m.c.) mixed with glycerin (12% w/w). Rearing and experi
mental conditions, unless otherwise specified, were 26±11C and
 
70±5% R.H.
 

106
 



The JHA used was Altosfd SRIO (Zoecon, Palo Alto,
 

It contained 10' of +he active ingredient IsopropylCalifornia). 
ll-methcxy-3,7,11 - trimethyl-2,4 dedecadienoate. Dilulions to 

desired concentrations were nade in distilled water. 

(a) Effect on eqcs. Filter parer discs (Whatman No. I) 

were sprayed ,ith doses of 0.6-73.7 ms/i 2 . After the paper discs 

dried out, each disc was -laced in a pet-i dish wlhich contained 

avoid contact between the treated10 a of rear-in7 -eciu.". To 
filter ane a r in2 2etiu,, 2 , :clv+etr-ylene tubes (2 Mm In 

.. to, rearingdia-ieter a 100 ir lenct) ,ere pae of the 

ied iu-. Tes t ue s srve lter as pu-1tic'- sites. Twenty 
0-24 4-oI e ,,er e r a eaci filter "arer disc. The discs 

were remcvec ftr cz' c e iit... 7 v,.t re icates were 

usec for eac =sste case. '",r: in acsIts ..'ere counted. 
(, irec ai-ffect cf 1r1 last i nstar larvae. 

- 'K -,ac- ,'ere linae ,.Ih "issue poser. TenPlastic vials 
last instar larvae re nr- e it: each" of four vials for 

Dach tested cose. The tissie saner, ,,', T"c larvae on It, was 

rr z/),2 'c ::. o vial surface.spra,yec .ith oses rami 
.....
Ern.esir.sats re co jec cKi . , e stsnDed. 

(c) 	 E7fect f cc:act t' s0raves ute surtace. Six 
- 15 gsmall ute sacks .-'ere ileearuts 

iTO eacr of tc e t 20-I 'et-l conin each - and lace 
tainers. T-e extera I surfaces c.I.,f t ej uta sacks were 

, _ to 221.7 mg/m 2.sprayed ,,ith Te J--',a rateS raEci- e'eer 0.22 
"a redeach 	 hun dtse. '. cautl aFour replicates era se for 

. -old, era cisnerec i ac the .ontainers.eggs, O-2' 
_
'a= fro' 	 cessation.Adult e-ercerce ecorded it+ ons-	 -tiI 

(c) ?ers stancfthe J : .it2v on a snrayed sur
ils lined as described
Te-,jerature conditions.
face under t,.'o 


above ,,ere spra'ed . "s/-ani e'it'O a-- lO and 260C for 
fter the desired periods,
periods rancins tei,ieen 3 and 120 days. 

ten last ..instar larvae ,,era introduced into each of four replicate
 

vials at each of the two teraoeratures. The vials with the larvae
 

were returned to 2600 and adult e-ergence was recorded.
 

RESULTS:
 
(a) Effect on eqqs. The effect of contact of E. cauteLla
 

eggs wlth a JHA sprayed surface on the subsequent development of
 

adults, is demonstrated in Table I. 'Jo meaningful reduction in
 

number of adults that developed from eggs that were In contact
 
2
 

with a sprayed surface could be detected up to a dose of 14.7 mg/m .
 

The higher doses tested reduced the number of developing adults
 

by about 60'.
 
(b) Effect of direct spraying on last instar larvae.
 

As 	Thown in Figure I, complete mortality at larval or pupal stages
 
2
 

was !nduced by a dose of 6.6 mg/m . The treatment also caused a
 

to 3 months In the pupation process, especially at the
de!ay of up 
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Table I. E. cautella adult development (% of control±S.E.)
 
from eggs in contact with a JHA-sprayed surface
 

JHA dose (mg/m
2)


Adult 

development 0.6 1.2 1.8 6.6 14.7 44.2 73.7
 

97.9 97.; 98.9 89.7 84.1 44.3 40.9
 
±1.5 ±0.4 ±1.1 ±6,3 ±3.3 ±10.0 ±7.0
 

100 

90 

80 	 S.E. 

70 

-60 

u50 

aj40-
E 

30__J 

Go
 
"20

10

0 065 130 3.30 	 6.60 

Dosage 	 of hormone treated (mg/m 2) 

Figure 1. 	Emergence of E. cuteZa (%)from last instar larvae
 
treated with juvenile hormone analogue.
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three higher doses tested (Table II). The mortality of larvae
 

treated with 1.3-6.6 mg/m 2 rose gradually over this extended per
iod, starting 1-2 days after treatment (Table II).
 

Table II. 	Mortality of E. cautella last instar larvae treated 
w,ith a JHA, and adult emergence (%) 

larvae after Mortality of Adult

JHA dose 	 Mortality of 


pupae and Inter- emergence

(mg/rn2 	 1-2 days '%) 2-3 months mediate forms (%) (%)
 

0 	 0 0 5.0 95.0
 

0.65 0 0 10.0 	 90.0
 

1.30 7.5 32.5 27.5 	 32.5
 

3.30 22.5 55.0 20.0 	 2.5
 

6.60 22.5 50.0 27.5 	 0
 

(c) Effect of contact with a sprayed jute surface.
 
As the outer surfacd only of the jute sacks had been treated, the
 
chances of the larvae coming into contct with it were limited.
 
The effect of this limited contact on the proportion of Insects
 
reaching the adult stage, is recorded inTab!e 1HI.
 

Table 	III. The effect of JHA spraying of the exterior of small
 

jute sacks containing peanuts, on completion of the
 
life cycle of E. cautella (% of control±S.E.)
 

Dose of JHA 	(rno/m 2 ,
 

0.22 0.66 1.47 14.75 44.2,0 75.75 221.75
 

Insects 
completing 

93.0 
±0 

55.5 
±17.3 

26.1 
±4.4 

18.3 
±2.3 

1.7 
±1.0 

2.0 
±2.0 

0 

life cycle 
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A dose of 44.2-73.7 mg/m 2 was required to achieve 96-98%
 
control. The higher dose tested - 221.7 mg/m 2 - resulted Incom
plete suppression of development to the adult stage. However, It
 
Is presumed that this result could be achieved with a lower dose.
 

d. Persistence of the JHA activity at two temperatures.
 
The difference In the rate of loss of bloactivity at the two tem
peratures tested, Is presented in Figure 2. The JHA retained Its
 
activity for a longer period at 18' than at 260C. The selected
 
dose - 6.6 mg/m 2 - retained Its full activity for 3 and 5 days
 
only at 260 and 18'C, respectively. Atl8°C it retained 90% of its
 
activity for 45 days, and at the end of 120 days It prevented 76%
 
of adult development. At 260C, the activity was reduced to 80%
 
after three days only, and thereafter the reduction In activity
 
was rapid and declined to 35% after 120 days.
 

, 70 

(U60. 260C ,0 
u 0 -0 180C 
050

" 
E 4 0 

.30
< 20 - ..... , 

10.' 

35 10 30 45 60 90 120 
Days after treatment 

Figure 2: 	 Biological activity persistence of an insect juvenile
 
hormone which was sprayed on a paper surface and kept
 
at two temperatures (at 6.6 mg/m 2)
 

DISCUSSION: A dose of 6.6 mg/m 2 was sufficient to prevent adult
 
development not only inthe case of direct application to last
 
Instar larvae (Figure I),but also when contact between untreated
 
larvae and a treated surface was formed within 3-5 days after
 
application, dependlng on the temperature (Figure 2). Similar
 
posiltlve results were obtained by other workers (2,15), who
 
treated pupation sites only. This high sensitivity of the larvae
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could not oe reproducpd in the small jute sacks experiment, In
 

which the contact between the maturing larvae of the treated sur

faces was formed 3-4 weeks after application of the JHA. A num

ber of factors could contribute to the difference between these
 

1-wo sets of results. In the first experlnent, the larvae were In
 

constant contact with the treated surface and could not avoid it.
 

In the iu-e sack ex:eri,-ent, the contact was probably not a con

stant onc, as the larvae could move freely fro- treated surfaces-

the jute .-. t untreated p laces--thC noun uts inside the sacks 

as .. the .alIs. The i. of such factors,,ell 	:s contiker's 
' +such as costant contact an te exe &f con~ctr with treated 

mterials, i,"interferin-i ,.-iih the nor-ul ... se of cevelopment, 
"as nee e cns:Trn7eu fcr C 7 1 arvae_,c-....:o'".z. " .. (11) In 

aCditicn, the re-ctizn iD c+itviKvof ta,,c ,"A ccntributed totFhe~.... 4-	 ir ho need of muchthe 	 Iower effe.: I veress of r~ - re 't,-'e'it -,un toe nedofmc 

h.i r ,./--f r e'.'i rn co lete arrest of 

adu2 eveoent. 2 iin Dnicactivity is supportedranid r e in 
by s-i Iar b resl n , s .n-eradation whenLI is a r:,Crd-' 
appl ied -n rain- l:hau'airhe factors known toaneat (P),) 
cause of =rea-:n7...,n ( ) _r- not present. 

The senstiF . , s . hat of larvae 
)and less than - ccu,I'e e- the nasis .r nublished 

results on insect en si (7, 1D). aovever, the dif

ferences i the e;neri"'"e-I conditicns--m.inlv younger eggs and
 

the cirec a...lictn 'e y th aove entioned authors--as
 

well as differences in sn,ecies sensitivi+v r'iaht account for
 

these differ e
 
The results cbtained in these exceriments demonstrated 

that the concept .of treating surfaces wit- ,'ich susceptible life 
stages c the i- -ct come into .contact, coulr be feasible. How

o 
ever, further exseriments, probably with s ,cial formulations with
 

a slower denraEdation rate, under warehouse conditions, are
 

necessary.
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INTRODUCTION: The attention of the world was drawn to the problem

of post-harvest food losses by the US Secretary of State,

Dr. Henry Kissinger, at the World Food Conference that was held in

November 1974 In Rome. Inhis key-note address at the opening

session of the World Food Conference Secretary Kissinger said,
 

"Another major priority must be to reduce losses from
 
inadequate storage, transport and pest control. 
 Tragi
cally, as much as 15' of the countries' food production

Is often lost after harvesting because of pests that
 
attack grains insub-standard storage facilities.
 
Better methods of safe storage must be taught and spread
 
as widely as possible. Existing pesticides must be made
 
more generally available. Many of these techniques are
 
simple and inexpensive; Investment in these areas could

have a rapid, substantial impact on the world's food
 
supply."
 

This challenge from Secretary Kissinger was taken up by

the UN General Assembly on September 19, 1975 and one of the
 
resolutlorns of the UN General Assembly was:
 

"The further reduction of post-harvest food losses In
 
developing countries should be undertaken as a matter of
 
priority, with a view to reaching at 
least a 50% reduc
tion by 1985. All 
countries and competent international
 
organlsations should cooperate financially and techni
cally Inthe effort to achieve this objective."
 

This resolution has drawn the attention of the highest levels of
 
government around the world to the problem of post-harvest food
 
losses.
 

All those attending this Working Conference recognize

the need to protect food. All are concerned to find the best ways

of controlling Insects Ineach of the many different situations.
 
Especially are we looking for methods that can be adopted inthe
 
tropics and In developing countries.
 

WHERE DO CHEMICALS FIT: Notwithstanding advances instored
product technology and advances that have been made Inphysical
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and mechanical methods of destroylng Insects and protecting

stored products from their attack, chemical methods Including

fumigants and grain protectant insecticides offer the major line
 
of attack against insects.
 

Chemicals are not new. All 
of the fumigants available
 
today have been available for many years. No new fumigants have

been developed since the end of World War II. There has been
 
considerable advance 
in the technology of fumigation and a
 
significant increase in the use of fumigants which has brought

with it
a rising concern over the question of safety to operators
 
and consumers.
 

Since the aevent of DDT and BHC in the mid-1940's there

has been an ever increasing development in pesticide science. We
 
now have a wide range of potent and effective insecticides and a
 
wealth of knowledge about their properties and use. Many of these
 
insecticides have been evaluated against stored-product pests and
 
some have been developed and approved for the treatment of
 
structures. 
 A few have been approved for incorporation Into grain

and other stored products.
 

The choice of insecticides which may be used for protec
ting commodities in storage is limited by the very strict require
ments which must be enforced to ensure absolute safety for these
 
Important basic food commodities. To qualify for selection as a
 
possible candidate insecticide for use on or around grain it must
 
meet the 	following requirements:
 

(i) It must be effective at economic rates of use;

(i) 	 It must provide no hazard to consumers of grain and
 

grain products;

(ili) 
 it must be acceptable to health authorities;
 
(iv) 	 it must be acceptable in international grain trade;

(v) it must not give rise to unacceptable residues;


Lvi) 
 It must not affect the quality, flavour, smell or
 
handling of grain;
 

(vii) 	 It must be capable of being used without hazard to
 
operators;


(vIli) It must be effective against a wide variety of
 
Insect pests;


(Ix) it must not be flammable, explosive or corrosive;
 
x) 	 its method of use must be compatible with establish

ed grain handling procedures.
 

Insecticides meeting these specifications which have so

far been cleared for use as grain protectants include:
 

* bloresmethrin
 
* bromophos
 
• carbaryl
 
* chlorpyrifos-methyl 
• dichlorvos
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* fenithrothion
 
* lindane
 
• malathlon
 
* pirimiphos-methyl
 
* pyrethrins
 

The following potentially useful products are under
 
consideration:
 

. decamethrin
 
• methacriphos
 
* phenothrin
 

ACCEPTANCE OF CHEMICAL TREATMENTS: Fumigants have been widely
 
accepted on the assumption that they were volatile and thus
 
disappeared completely from treated commodities. Modern analyti
cal techniques are disturbing this blissful ignorance.
 

Current attitudes in some countries to the potential
 
long-term effect of chemicals as measured by accelerated studies
 
on susceptible laboratory animals is likely to cause an adverse
 
reaction to traditional fumigants. Liquid grain fumigants are
 
particularly vulnerable to criticism because, being halogenated
 
derivatives, they all produce adverse reactions in the livers of
 
certain strains of mice. The fact that significant residue can be
 
detected in fumigated grain, oilseeds, and prepared foods is
 
likely to bring liquid fumigants under critical review.
 

The value of pyrethrins has been exploited for many
 
years but not to the extent that their properties justify.
 
lindane was first introduced almost thirty years ago. Malathion
 
has been in world-wide use for almost twenty years. Dichlorvos
 
has been used for more than ten years on a wide scale.
 

Along with the introduction of these potent and effec
tive grain protectant insecticides has come improved understanding
 
of the mode of action of these products, considerable advances in
 
the technology for their application and monitoring, together with
 
a considerable increase in the number of people trained in the
 
proper use of these materials by grain handling authorities. All
 
this has greatly contributed to the efficiency with which these
 
materials are used.
 

Over recent years there has been a significant increase
 
In the standards demanded by purchasers of grain and other stored
 
products. This has been reflected in national and International
 
trade by clauses in commercial contracts and in the various
 
official grading regulations of exporting countries. These place
 
limits on the amount of insect damage which will be accepted, and
 
may or may not tolerate the presence of living insects or mites.
 
Canadian and Australian regulations accept no tolerance for
 
living insects in wheat for export. Similar official regulations
 
apply to cocoa beans exported from Nigeria and Ghana and to
 
groundnuts from South Africa and the USA. The mere presence of
 
Insects can result In severe financial loss if an Importing
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country imposes strict phytosanitary or quality standards.
 
Freeman (1976) states that in the case of grain shipments to
 
China, the discovery of one living insect In a cargo of wheat can
 

result in the shipment being rejected or accepted only after
 
expensive fumigation.
 

Freeman (1974) gave details showing that from 8 to 38%
 
of almost five thousand cargoes examined in Great Britain In 1972
 
were found to be infested; cargoes from Africa, the Far East, and
 
the Middle East being the most susceptible. Figure I from
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FIGURE 1. Infestation of Australian wheat imported into
 
Great Britain (All curgoes urt 'inspected either 
In the ships during discharge or in dry cargo 
containers. Any insects or mites found must either 
have been: a) introduced with cargo, b) acquired 
from other cargo or c) from the structure of the 
ship, being residual from a previous19 shipment.166 


Skill and experience on the part of the Inspector
 
Is sufficient to distinguish between a, b, or c
 
In most instances. An Infested cargo, for purposes
 
of tables, etc., in this paper Is one In which
 
at least one living storage Insect Is found).
 



Freeman (1974a) shows that whereas cargoes of wheat from Australia
 
prior to 1955 were infested with Insects to the extent of 80 to
 
100%, following the use of malathion as a grain protectant Insec
ticide In 1972 the incidence fell in one year from 80% to 30% and
 
thereafter declined rapidly until In 1973 and later years no
 

Infestation was found. As Indicated by Banks and Desmarchelier,
 
(1978) Australian grain, once notorious for its high insect
 
levels, now enjoys a reputation as one of the cleanest in the
 
International market, a reputation achieved largely through the
 
use of chemical insecticides, particularly malathion.
 

Tens of millions of tonnes of edible food grains have
 
been treated successfully under a wide range of conditions with
 

grain protectant insecticides. These grains have entered and have
 
been accepted In international trade in spite of the enormous
 

quantities of grain involved. Meticulous monitoring has revealed
 
that it is possible to apply grain protectant insecticides to the
 
extent necessary to virtually eliminate insects from commercial
 
grain shipments whilst complying completely with the ridid legal
 
limits for residues.
 

In several countries where grain protectant insecticides
 
are used exclusively or extensively for the protection of grain,
 
total diet studies have revealed that the intake of residues of
 

these insecticides by consumers is well within the amount that is
 
deemed to be without hazard if consumed daily for an entire
 

lifetime.
 

BARRIERS TO ACCEPTANCE: It is a well known saying that "nothing
 

succeeds like success." In spite of this outstanding achievement
 
the use of chemical treatments for insect control In stored
 
commodities has not been accepted universally. You may well
 
wonder why. Let us look at some of the reasons.
 

(I) 	Failure by many people and national authorities to
 

recognize the need to:
 

(a) 	use chemicals to protect valuable food,
 

(b) ensure the availability of staple commodities
 

as a buffer against famine,
 

(c) 	maintain economy of developing countries, and
 

(d) 	provide for the increasing demand for food to
 
feed the increasing population.
 

(2) 	General lack of understanding about the problem
 

confronting tropical countries and countries which
 
have not yet attained a high level of sophistica
tion in the handling and storage of grain.
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(3) 	Lack of knowledge about the limitations of non
chemical measures to control stored product pests.
 

(4) 	Inability to understand the significance of toxi
cology studies on laboratory animals, the dose
related effect and the concept of the no-toxic
effect level.
 

(5) 	Belief that man-made chemicals are somehow differ
ent to chemicals that occur in nature.
 

(6) 	Action by merchants, domestic producers and other
 
self-interest groups to create misgivings in order
 
to produce non-tariff barriers to trade.
 

(7) The development of the "natural food" cult and the
 
attendant rackets in "health foods".
 

(8) 	The sensation-seeking news media.
 

(9) Fear of the unknown - what cannot be seen could
 
well be dangerous.
 

You might well ask what has science done to break down
 
these barriers to the acceptance of chemicals for protecting world
 
food supplies. Science appears to have done sufficient to con
vince sc'entists of the safety and acceptability of these chem-

Icals. It has:
 

(I) Generuited a wealth of scientific fact about the
 
nature, effect and fate of these chemicals.
 

(2) 	Provided results of extensive studies of their
 
interaction with animal models to gauge the poten
tial effect upon people.
 

(3) Studied the level and fate of residues In raw
 
a ;icultural commodities, milled products, food and
 
people.
 

(4) Provided scientific rationale for the interpreta
tion of these data.
 

Whether science has done sufficient to convince the
 
sceptics and the non-scientific segment is another question.
 

EFFORTS BY THE UNITED NATIONS ORGANIZATION: When the question of
 
residues In raw agricultural commodities first began assuming
 
significance as a barrier to free trade In essential raw agri
cultural commodities and foods and following the action by a few
 
Influential writers to create concern over the alleged danger of
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residues to consumers, the United National Organisation began
 
making a valuable contribution to a better understanding of these
 
Issues. Following International meetings In 1962 the Food and
 
Agriculture Organisation and World Health Organisation set about
 
the evaluation of pesticide residues as part of their Joint Food
 
Standard Program.
 

The setting up of the Joint FAO/WHO Meeting cf experts
 
on Pesticide Residues, the Codex Committee on Pestlci..; Residues
 
and the Codex Alimentarius Commission did not automatically
 
resolve these difficulties. In fact It was many years before
 
there was much semblance of agreement between Governments over the
 
principles, let alone the practice of regulating residues inraw
 
agricultural commodities at a level that would not inhibit the
 
production and protection of food commodities.
 

You may well ask what these international agencies have
 
done to bring about a better understanding and acceptance of the
 
need to use 7:hemicals in protecting world food supplies. Among
 
many other achievements they have:
 

(I) Established and maintained standards as a basis for
 

international agreement.
 

(2) Encouraged and stimulated research.
 

(3) Evaluated scientific data.
 

(4) Published reviews of this data and evaluations by
 
experts.
 

(5) Encouraged and facilitated discussions between
 
governments and other national and International
 
organisations.
 

(6) Coordinated views of national authorities.
 

(7) Published International standards.
 

MAXIMUM RESIDUE LIMITS: Maximum residue limits, which when
 
Incorporated Into national legislation, become legal limits for
 
residues In raw agricultural commodities and food, have been
 
recommended by the Joint FAO/WHO Meeting of Experts on Pesticide
 
Residues and are currently under consideration by the Codex
 
Committee on Pesticide Residues and national governments.
 

These maximum residue limits have been developed on the
 
basis of "good agricultural practice" inthe use of pesticides or,
 
In other words, officially approved use patterns for the products
 
In question. These use patterns are designed to effectively
 
control the pest whilst leaving a residue which is the smallest
 
practicable. Identical or similar maximum residue limits have
 
already been Incorporated Into the legislation of many national
 
governments. These maximum residue limits are at present under
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discussion for acceptance as international standards. Attached as
 
Annex I to this paper is a list of the maximum residue limits
 
recommended for residues of grain protectant insecticides in raw
 
grain milled cereal products and other stored commodities. The
 
list also shows the status in the Codex Step Procedure for accep
tance as international standards.
 

THE WORK OF THE CODEX COMMITTEE ON PESTICIDE RESIDUES: During the
 
twelve and a half years since the Codex Ccmmittee on Pesticide
 
Residues first met (January 1966) not only scientists but also
 
officials of national governments have become better informed
 
about residues. They still face considcraDle emotional and
 
political pressures which often make it aifficult for them to give
 
immediate support To Droposals for maximum resicue limits. 
Sometimes they are expe,-ecto make deci cn: before the scientif
ic data have been consioered cy them or their technical advisors. 
Sometimes The reviews OT scientific da-a publisned in the mono
graphs of lhe Joint FAQ/,,-1 , 

2 eetinc have Leen condensed to the 
point where it is m3re than a tittle difficult to see how the 
Joint Meetinc derived its recommendations. Frecuently the quan
tity of data available is !,jst not sufficient to provide a com
pletely credible .asis for ievelopin- satisfacTory recommenda
tions. This is not tne fault of the jin 'eeting but rather 
reflects the difficulty in locatina ana nainir. access to -the 
scientific data available in novernmen- archives, scientific 
institutions and open scientific literature. 

Durin the eleven years that I rave served as a delegate
 
at the Codex Committee on Pesticide Residues I have noticed the
 
steady evolution of an organisaTion which serves not only as forum
 
for the exchange of views between governments Dut as a valuable 
piece of machinery for decision making. The democratic processes 
that are followed are slow,' and somewhat cumbersome but they do 
provide reassurance that the standard, in ihis case the maximum 
residue limit, when adopTed, is not only politically acceptable 
but is scientifically sound. 

Unfortunately for those of us alo spend all our waking 
moments involved with some aspects of research, development and
 
Introduction of insecticides for controlling stored-product pests,
 
the process of acceptance by international governments is pain
fully slow. It is bad enough that there are ten steps, (Annex 2)
 
some involving a year or more, in the process of gaining accep
tance by national governments, but some of the delegates at the
 
meetings of the Codex Committee on Pesticide Residues are often
 
not well informed on important technical aspects and are therefore
 
understandably cautious when it comes to lending support to
 
proposals.
 

The majority of delegations come.from countries which
 
are oriented towards Import rather than production and export of
 
food commodities so they naturally take the consumer's point of
 
view which is that they would prefer to have no residues in food.
 
Unfortunately, many delegations are not familiar with the problems
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facing food producers in the semi-tropics and tropics and there
fore It is understandable why they often appear unsympathetic to
 
the need to use chemicals to protect crops and stored commodities.
 
However, in the process of exchanging comment at the Codex Commit
tee on Pesticide Residues a better understanding develops and in
 

recent years there has been a softening of attitude towards the
 
question of residues, particularly those in raw grain and similar
 
stored products.
 

SAFETY TO CONSUMERS: Those who have accepted that grain protect
ant Insecticides do not represent a hazard to consumers rely on
 

the extensive studies which have demonstrated that there is a
 
level of intake which is without effect on the most sensitive
 
laboratory animals receiving iiEe material in their rations every
 
day of their lives. On the basis of extensive experience toxi
cologists have deduced that there is a level which is without
 
potential harm to humans taking the material in their food every
 
day for an entire lifetime. This is known as the acceptable daily
 
intake (ADI). This is calculated from the no-effect-level in the
 
most sensitive laboratory animal after applying an appropriately
 
large safety factor.
 

During the research work leading to the acceptance of
 
these insecticides for use on stored grain it was demonstrated by
 

studies under laboratory and practical conditions that the amount
 
of residue in food at the time of consumption is less than the
 
amount of the acceptable daily intake.
 

Among those who have expressed concern over the addition
 
of Insecticides to grain there is one misconception that has been
 

difficult to dislodge. This is the assumption that the intake of
 

residues will be sufficient to cause a potential hazard, if not
 
actual injury, to consumers. The misconception arises from the
 

practice of assuming that the whole of the arount of insecticide
 
applied to the raw grain is present in the food as consumed.
 

Apart from the significant loss and degradation which
 

occurs while the treated grain is in storage, there are further
 

losses during milling, processing and cooking that result in the
 

amount of residue in the food as consumed being much less than 10%
 

of the amount in the raw grain. This Is the figure that should be
 

used In calculating the theoretical consumption - not the level in
 

the raw grain, and certainly not the legal maximum residue limit
 
which Is usually significantly higher still.
 

Unfortunately, some of the officials in developing
 
countries, who do not have access to comprehensive technical
 

Information and advice, are seriously disturbed by the alarmist
 

publicity in the news media about the alleged danger of chemicals,
 
particularly pesticides. Since they take their responsibilities
 
seriously they are reluctant to accept the use of grain protect

ants lest there should be adverse effects upon consumers, particu

larly In countries where raw grain Is converted into food with a
 
minimum of preparation and cooking.
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The monographs of the Joint FAO/WHO Meeting of experts
 
on pesticide residues contain extensive data and references to
 
many studies which demonstrate that residues of each of the
 
approved grain protectant insecticides are substantially removed
 
before the food reaches the consumer. The loss is, to some
 
extent, dependent upon the amount of processing. Because of this
 
wholemeal bread will contain somewhat more than white bread
 
because the bulk of the residue is removed with the bran during
 
the preparation of wite flour. However, the work of Lockwood 
et al (1974) shows that even when wneat, rice and sorghum were 
subjected to traditional preparation and aet methods of cooking 
such as are used in India, there was complate loss of malathion,
 
fenitrothion and tetrachIorvinphos. Dry ;ccakKi methods used in 
preparing chapatties from .'neat and sorgnu , resulted in losses of
 
51 to 75,S. Further work along these lines is si-ill required to
 
demonstrate the fate inter traditional methols of food preparation 
and cooking.
 

It is recognized that unsophisticated people, particu
larly small farmers and village store-Keepers, might not be able
 
to apply grain protectant insecticides safely as they are applied
 
in industrialised cointries witn central grain storage facilities. 
However, experience has shown that provided the grain protectants
 
are formulated as dilute dusTs and Uhat these dusts are pre-packed
 
into small sachets, sufficient for one Wag, sasket or standard
 
container, the least sophisticatea can apply them safely and 
effectively.
 

hotwithstanding the long-standing and extensive use of
 
malathion as grain protectant, the amount of scientific data on
 
the nature, level and fate of +he deposite on all types of grain
 
and stored commodities in various types of storage is probably not
 
yet adequate. The amount of data on the awer grain protectants
 
under similar conditions is considerably iess. It is therefore
 
understandable why Government officials ir some countries have
 
appeared more than a little reluctant to embrace the idea of grain
 
protectant insecticides under conditions which prevail in their
 
country. ..ore such data are surely needed. It is not particular
ly glamorous work and it certainly will not lead to many unique or
 
novel discoveries but the work must be done and must be published
 
If we are to make a worthwhile contribution to the reduction of 
loss of badly needed foodstuffs.
 

I am glad to see that the data developed by the group

working under the aegis of the Australian Wheat Board, in the
 
course of their investigations iNto grain protectant insecticides,
 
Is being submitted for publication. Some of the results were
 
presented at the First Working Conference in Savannah; more will
 
be referred to here in Ibadan. Attached as an Annex to this paper
 
Is a list of references to some of this Australian work and other
 
Important work carried out on grain protectants in recent years.
 
This type of work needs to be repeated and extended under a wide
 
variety of practical conditions to provide the experience and
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reassurance that Is so necessary to dispel any misgivings about
 
the value, safety and acceptability of grain protectant treat
ments. Studies designed to demonstrate the fate of the deposit
 
during storage, processing and cooking are particularly valuable,
 
especially when they are carried out under conditions that are
 
distinctly different to those prevailing in countries with a
 
central grain handling system such as we have in Australia. The
 
paper by Lockwood, Majumder and Lineback (1974) is typical of the
 
type of work that I believe Is badly needed. I hope that the work
 
of LaHue (1978) will be extended with all speed so that the value
 
of these tailor-made dusts to developing countries can be proven
 
and exploited.
 

CONCLUSION: Chemicals including fumigants, but most particularly
 
protectant Insecticides, have a most important role in protecting
 
world food supplies. They complement good management, supplement
 
physical methods of insect control and greatly reduce the cost of
 
protecting stored commodities from damage and destruction.
 

A great deal of scientific knowledge about their proper
ties, use limitations and fate has accumulated over the last 20
 
years. Public concern having been provoked over alleged dangers
 
from pesticides has generated increased political pressure for
 
restrictions on their use.
 

This pressure has been relieved to some extent by the
 
efforts of scientists and agencies of the United Nations. Further
 
action is required to support these efforts and to supplement the
 
scientific data on which decisions should be made.
 

Fear over cancer has evoked a critical attitude towards
 
chemicals with the result that laboratory tests have been inter
preted harshly. Liquid fumigants are likely to be condemned
 
because of manifestations of tumours in the liver of inbred mice
 
notwithstanding the views of a large body of expert opinion.
 

Greater efforts are required to inform national and
 
international authorities of the importance and safety of chemi
cals needed for the protection of stored food products. Research
 
and innovation Is needed to further develop simple practical
 
techniques by which protectant chemicals can be used by small
 
farmers and village storekeepers to protect stored products in
 
developing countries.
 

The process of education towards the acceptance of any
 
new technology in agriculture is painfully slow and requiros
 
determlnatlon and effort by those who are convinced of its value.
 
Unfortunately such worthy objectives as preventing famine, reduc-

Ing malnutrition, saving waste and protecting food supplies are
 
generally not considered newsworthy. The news media is therefore
 
not likely to help gaining aceptance.
 

None the less I am confident that the attitude to
 
chemicals is healthy and that the prospects for the general
 
acceptance are good. They will remain thus only as long as
 
professional entomologists, chemists and toxicologists continue
 
their work. We must all Increase our efforts to publicise the
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need for a multi-disciplinary approach to protecting our scarse
 

food supplies from the ravage- of stored product pests.
 

SUMMARY: It is vital that everyone accepts a share of the respon-

In


sibility for preventing avoidable losses of stored products. 


it must be recognised that technologies exist and that
doina so 

they have been thoroughly evaluated under a wide variety of
 

Chemicals, including grain protectants and fumigants,
conditions. 

currently offer the major line of attack against insects but must
 

aujuncts to good management, to re-enforce
be recognised as 

hygiene and sanitation and to enhancc tae 2,uctivenes5 of suit

able storage facilities.
 
Some of the reasons vwhy chemical irrents for insect
 

control have not been universally acce)tc cre outlined. The
 
:
ard e _:encies of theefforts of the scientific com. unity 

United Nlations to bring about a better understanding are reviewed 
Pesticide Residues. The
 

as is the work of Thle Cod'ex Committee on 

is made for
the CCPR are mentioned anc an appeal
constraints or 


the use and fate of grain protecthe publication of more data on 


tant insecticides.
 
The prospects for the acceptance and adoption of chemi

vrressnot be rapid.
,.ill
cal control methods remain good but 
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limitations
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and safety of approved chemical treatments. F'ciiities must be
 

provided to monitor and regulate residues to riaintain the neces-

Ireatments to
 sary assurance about the safety of chemical 
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without any selection pressure. Dilution with susceptible insects
 
may depress frequencies of resistant insects but resistance re
appears quickly when selection pressure is applied.
 

Resistance to certain pesticides is so common in some
 
species, as for example in Tribolium castanezm, that it can be
 
regarded as a normal attribute of the species. This acquired
 
state requires that resistance be an integral consideration of
 
basic biological studies through to planning of control programmes.
 
Despite their significance, little is known of the basic mecha
nisms involved in resistance. Major controlling factors have been
 
isolated, explaining simplistically, the spread of resistance into
 
and through populations. The less obvious factors which are cor
related with or intrinsically part of the resistance, however, are
 
not understood or amenable to descriptive analysis. The fitness
 
for survival of resistant strains, in the ausence cf selection
 
pressure from" pesticides, is indisputable, as must he the role of 
minor factors in maintaining this fitness, and -o stability of the 
resistance. The effects of the mi or factors, or indeed the major
 
factors, on biological and behavioural characteristics of species
 
are not known, although scattered observations in the literature 
attest to their eXisTence. Whether changes in these characteris
tics occur within the limits of normal variability is obscure,
 
although significant shifts in their distributions seem probable.
 
Associations between changes in biological and behavioural char
acteristics and resistance may be fortuitous in some instances
 
but nevertheless it cannot be assumed that data derived from sus
ceptible strains of pests in the laboratory, can be extrapolated
 
to resistant populations in the field. This implies, firstly,
 
that appropriately resistant strains should be included in local
 
evaluations of biological and hence ecological characteristics of
 
particular species. Secondly, as behavioural studies with stored
 
product species are a largely untouched field, and the effects of
 
pesticides on behaviour even less known, there is a valid case to
 
determine the significance of behaviour patterns in storage pests
 
particularly as they are influenced by a pesticide-loaded environ
ment. The interactions of these patterns with resistance may
 
assist in an understanding of the development of resistances, and
 
may allow more effective use for longer periods, of the pesticides
 
available, before resistance nullifies their practical value.
 
Finally in this context, it is essential that evaluations of new
 
pesticides include consideration of resistant strains from the
 
earliest stage of their testing, and that thi- be continued through
 
laboratory studies to field testing. If appropriately resistant
 
strains do not appear in field tests, the commodities should be
 
infested artificially. Similarly r'sistant strains should be In
cluded in the evaluation of contro' methods not involving chemicals,
 
If these strains are normal for 6~e area of application of the
 
control method.
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CONCLUSIONS: Resistance Iswidespread involving all major pesti
cides and most of the Important pests of cereal and cereal product
 
storage. Control failures inthe field have been unequivocally
 
associated with resistance and have forced use of materials such
 
as malathion to be abandoned Insome areas.
 

FAO has provided test methods for detecting resistance
 
to contact insecticides and fumigants inthe major beetle and moth
 
pests of stored cereals. These tests enable resistance to be de
tected before control failure is apparent and provide a convenient
 
method for continuous monitoring of the resistance status of field
 
populations. Their use is commended to enable rational planning
 
of pest control programmes and the countermeasures for resistance
 
that must be a feature of these programmes today.
 

Ingeneral, pest controls with chemicals should aim for
 
complete kills. The alternative will usually be resistance. If
 
less than complete kills are required, methods not using chemicals
 
should be sought. Irrespective there is need for all concerned to
 
adopt a rational approach to storage pest control. Safe storage
 
can only be based on the well-tried and proven principles of sound
 
storage practice if long-term efficacy isto be achieved. These
 
principles have been clearly understood for a very long time and
 
It ismandatory that all controls be based on them. They require:
 

I. An adequate drying of the commodity before or during
 
storage. 2. A high standard of hygiene, that isstorage of
 
grain and other infestable commodities under circumstances
 
where applied control measures are expedited, and removal of
 
any spillage, residues or other materials that provide har
bourage for pests or otherwise reduce the effectiveness of
 
applied measures. 3. Use of suitable storage and transport
 
facilities and if necessary their improvement to an acceptable
 
standard. 4. Regular inspection of the commodity and storage
 
for Infestations or other causes of deterioration to allow
 
prompt remedial action inthe early stages of their develop
ment. 5. Mimimum use of chemicals to reduce incidence of
 
residues, selection for resistance, environmental hazards,
 
and general overhead costs. Whilst this should come prima
rily from hygiene and good warehousekeeping, aeration, refrig
eration and other physical control methods should be used if
 
practicable and economical. 6. Use of chemical methods that
 
give as complete a kill as possible to delay population build
up and reduce rate of selection for resistance. Wherever
 
possible, fumigants should be used for control of established
 
infestations and physical and/or contact insecticides to pre

7. Use
vent reinfestation. Additionally, where appropriate. 

of varieties of grain that have resistance to insect attack,
 
and harvesting techniques that reduce liability to field in

festation and damage to the grain that Increases susceptibi
lity to insect attack.
 

164
 



Current knowledge of the control of grain pests is more
 

than adequate if properly used to contain the problem.
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APPENDIX I
 

TABLE 1 OCCURRENCE OF INSECTICIDE RESISTANCE INPESTS OF STORED PRODUCTS
 

Lab-selections with same material unless specified.
 

Adult stage examined unless specified otherwise.
 

Type of test - F, film; T, topical; Am, admixture.
 

Maximum resistance factors given at LD 5 0 level.
 

Insecticide Distribution and Notes Reference
 

and Species
 

CHLORINATED HYDROCARBONS
 

DDT
 

S. 	 :iruae Poland, lab-selected (F,x40) Cichy 1971 

India, lab-selected malathion txll) Bansode 1974 

Australia (F,xl4l FAQ Survey 1972-73 

S. 	earmai8 Brazil (Am,x25) Mello 1972
 

Philippines (F,xlS) Morallo-Rejesus 1972
 

S. 	aranzriu8 Sweden, lab-selected (low level) Mathlein 1952
 

U.K., lab-selected pyrethrins
 
(T,x29.5, also deuterD DDTx30, Bulan
 

x22, Prolan x14, flunro DDTx17( Lloyd 196Q
 

Po'and, lab-selected Lakocy 1970
 

Canada (F,xSc Kumar & Morrison 196S
 

ca. anewy 	 Nigeria (low level) Parkin F Bright 1965 

South Africa !T,x2),laD-selected (T,x166)Dyte & Blackman 1967 

India, lab-selected ()k,x95) Shatia & Pradhan 1968 

India (F,x2.3) Bhatia 7. 1971 

Poland, lab-selected (F,x4) Cichy 1971 

U.S.A. (T,x82) Spelrs c' x1. 1971 

Australia (F,x2.2) Champ & Campbell-
Brown 1970 

T. onfu8sum Japan, lab-selected (x8) Maeda 1958
 

Canada (F,x25; Kumar & Morrison 1965
 

0. uzrirasenst8 	 Australia (F,x2) FAO Survey 1972-73
 

E. caitel a 	 Australia (Larvae, T,>x52) Attia 1976
 

E. kuehnielZa 	 Australia (Larvae, T) Attia 1977b 

P. interpunciella 	 Australia (Larvae,T,>x42) Attia 1977a
 

LINDANE
 

S. oryzae 	 World-wide, 53/58 countries (Am,x72) FAO Survey 1972-73
 

S. zenaia 	 World-wide, 46/48 countries (Am,x32) FAO Survey 1972-73
 

S. granarius Warmer areas of occurrence only,
 

Canada, Brazil, Argentina, Chile, U.K.,
 
Mediterranean, South Africa, Australia
 

(T,x7) FAO Survey 1972-73
 

R. dominica 	 World-wide, 41/5,l countries (F,x2) FAO Survey 1972-73
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Insecticide 

and Species
 

LINDANE (cont.)
 

T. oaatanewn 


T. confusm 


0. surinwiwn8i8 


0. mercator 


C. aerratu8 


D. maculatus 


S. cerealella 


E. kuehnieZa 


Distribution and Notes 


World-wide, 75/76 countries (F,x240) 


World-wide, 23/34 countries (F,x2) 


World-wide, 46/56 countries (F,x20) 


U.S.A., Caribbean, Sardinia, U.K.,
 
Gambia, Senegal, Kenya Mozambique,
 
Botswana, Swaziland, Burma (F,>x89) 


Gambia (T,x3) 


U.K., lab-selected (T,x26); U.S.A.,
 
U.K., Gambia, Ghana, Nigeria, Lebanon,
 
Pakistan, India, Hong Kong, Australia
 
(F,x2) 


Sri Lanka 


Australia (Larvae,T) 


P. interpunotella Australia (Larvae,T,xl4) 

A. 8ire 

G. destructor 


CYCLODIENES
 

S. oryzae 


S. granariu8 


T. caetaneum 


C. aerrtue 

A. megatoma 

F. oautelta 


E. kuehnieZLa 


P. interpunctela 


T. bisaeZliela 


T. petZionella 


Clothes moths 


and fur beetles
 

U.K. 


U.K. 


India, lab-selected malathion
 
(dieldrin x4, endrin x3) 


Australia (dieldrin,F,x600) 


U.K., lab-selected (T,dieldrin x2,
 
aldrin x 3) 


Canada (dieldrin,F,x2) 


Nigeria (dieldrin,low level) 

India, lab-selected DDT (F,
 
heptachlor x3, dieldrin x2, endrin x2,
 
chlordane x2, endosulphan x2) 


India, lab-selected lindane (F,
 
dieldrin >x291, heptachlor >x232,
 
endrin > x165, aldrin >xlOO,
 
chlordane >x34, toxaphene >x9,
 
endosulphan >x7) 


Australia (T,aldrin,x3) 


Gambia (dieldrin,Am,xlS) 


Australia (dieldrin) 


Australia (Larvae,T,endrin x62,
 
dieldrin >x49) 


Australia (Larvae,T,endrin) 


Australia (Larvae,T,endrin x74,
 
dieldrin >x53) 


Germany F.R., lab-selected
 
(dieldrin x70) 


Germany, lab-selected (endrin,
 
chlordane) 


Australia (dieldrin xl00) 


U.S.A., chlorinated hydrocarbons 


Reference
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

FAD Survey 1972-73
 

FAQ Survey 1972-73
 

Dyte & Forster 1970
 

Binns & Tyler 1978
 

Fernando 1967
 

Attia 1977b
 

Attia 1977a
 

Wilkin 1973
 

Wilken et aZ. 1976
 

Bansode 1974
 
Champ & Cribb 1965
 

Lloyd 1969
 

Kumar & Morrison 1965
 

Parkin & Bright 1965
 

Bhatia & Pradhan 1970
 

Bhatia & Pradhan 1972
 

Dyte 1976
 

Parkin & Forster 1968
 

FAO Survey 1972-73
 

Attia 1976
 

Attia 1977b
 

Attia 1977a
 

Kahne & Becker 1965
 

Kjhne 1967
 

FAO Survey 1972-73
 

Odeneal 1961
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PYRETHROIDS
 

PYRET4RINS
 

S. 	orjaae Poland, lab-selected* (F,x6*) Cichy 1971
 

India, lab-selected malathion (x4) Bansode 1974
 
Australia (F,x7,x4*) FAO Survey 1972-73
 

S. granariu8 	 Sweden, lab-selected DDT Malthlein 1952
 

U.K., lab-selected (F,x3.5) Blackith 1953
 
U.K. (Am,x3.5) 1olborn 1957
 

U.K., lab-selected (T,xl48,xS*) Lloyd 1973
 

T. castaneWm 	 U.K. (Am,x3.5) Holborn 1957
 

U.S.A. 	(T,S.7) Vincent & Lindqren
 
1967
 

U.S.A., lab-selected malathion (T,xl3) Speirs & Zettler
 
1969
 

India, lab-selected DDT (F,x2) Bhatia & Pradhan 1970
 

India, lab-selected lindane (F,x2) Hhatia & Pradhan 1972
 
India, lab-selected malathion (F,x5) Pasalu & Bhatia 1974
 
Poland, lab-solected* (F,x8*) Cichy 1971
 

Australia (T,xl5,x5*) 	 Lioyd et i. 1976
 

0. ourinmnens8 Australia (F,x3,x4*) 	 FAO Survey 1972-73
 

E. cauteZla 	 U.S.A. (Larvae,T,x3.3*) Zettler Ot al. 1973
 

P. interpunctella 	U.S.A. (Larvae,T,x2.5*) Zettler 't al. 1973 

ALLETHRIN
 

S. graz8rius Canada, lab-selected (x2) Sevintuna & Musgrave
 

1961
 
U.K., 	lab-selected pyrethrins
 
(T,x28,14*) Lloyd 1973
 

BIOALLETHRIN
 

S. grana2'ius 	 U.K. lab-selecte- pyrethrins (T,x39,x9, Lloyd 1973
 

T. castanewn 	 Australia (T,xl6,x7l*, Lloyd et at.1976
 

BIORESMETHRIN
 

S. 3orzae 	 Australia (F,x7) FAO Survey 1972-73
 

S. granamua U.K., lab-selected pyrethrins
 
(T,x79,x8*) Lloyd 1973
 

Australia (F,x2) FAQ Survey 1972-73
 

R. dominica Australia (F,xl.7)
 

T. castafnlw Australia (Am,x4.3,x6.4*) Carter et al.1975
 

Malaysia (Am,x2.9,xl.6*) Carter et al.1975
 

T. confuewn Australia (F,x2) 	 FAO Survey 19..-73 

0. Burinaensis Australia (F,x8) 	 FAQ Survey 1972-73
 

CISMETHRIN
 

T. castaneum Malaysia (Am,xl.3,0.6*) Carter et al.1975
 

FENOXYTHRIN
 

S. oryzae Australia (F,x3) 	 FAQ Survey 1972-73
 

T. castanewn Australia, lab-selected malathion
 
(F,x2) FAO Survey 1971-73
 

T. oonflum Australia (F,x2) 	 FAO Survey 1972-73
 

0. surinmnennts Australia (F,x5) 	 FAO Survey 1972-73
 

* Synergised with pipronyl butoxide 
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KIKUTHRIN 

T. castaneum Australia (T,xl20,x27*) 

PHENOTHRIN 

T. castanewn Australia (T,x6,x20*) 

PROTHRIN 

T. castaneum Australia (T,x25,x27*) 

RESMETHRIN 

S. gr'anariu U.K., lab-selncted pyrethrins 
(T,x207,x8*) 

T. caetaneum Australia (T,x2.2,xO.9*) 

TETRAMETHRIN 

S. granarius 

T. castaneum 

U.K., lab-selected pyrethrins 
(T,>xlO,xB*) 

Malaysia (Am,x8.9*) 
Australia (T,x9,x97*) 

ORGANOPHOSPHORUS COMPOUNDS 

MALATHION 

S. oryse 

S. Bemmi 

Columbia, Peru, U.K., Cent. Afr. Emp., 
Mozambique, Pakistan, India, Nepal, 
China (Taiwan), Papua New Guinea, 
Australia (Am,x22) 

Brazil, El Salvador, Guatemala, U.K., 
China, Papua New Guinea, A Qtralia 
(Am,x2) 

S. gyafariu8 Argentina, U.K., Greece, Australia 

(T,x6) 

R. dominica 

T. oaetanewn 

23/50 countries, U.S.A., Caribbean, 
Argentina, Brazil, U.K., Portugal, 
Libya, Cent. Afr. Emp., Nigeria, 
Mozambique, South Africa*, Middle 
East, India, Indonesia, Philippines, 
Australia* (F,>xlO0) 

World-wide, 75/78 countries (Am,x52) 

T."oonfuum World-wide, 27/33 countries (F,x18) 

0. 8eurinfwnfie 

0.mercator 

T. granariwn 

I. oryaae 

Central U.S.A., El Salvador, 
Guadeloupe, Brazil, Cyprus, Israel, 
India, China (Taiwan), Japan, 
Australia (F,x40) 

U.S.A., Jamaica, Trinidad, Sardinia, 
Gambia, Senegal, Swaziland (F,x1.9) 

Tunisia 

D. macauatus U.K. 

E. oauteZta India (Am,x5) 

Japan, lab-selected methyl 
parathion (F,x3) 

South Africa 

U.S.A. (Larvae, F,x7.2) 
Australia (Larvae, F,>x259) 

S. kuehniella Australia (Larva,T) 

Lloyd et al.1976
 

Lloyd et aZ.1976
 

Lloyd et aZ.1976
 

Lloyd 1973
 

lloyd et at. 1976
 

Lloyd 1973
 

Carter et at. 1975
 
Lloyd et at. 1976
 

IAO Survey 1972-73
 

FAG Survey 1972-73
 

rAO Survey 199-73
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Yana 1967
 

Blackman &
 
Peckover 1976 

Tyler & Binns 1976a 

Godavaribai et at. 
1962
 
Hashimoto &
 
Fukami 1964
 

Joubert & de Beer
 
1b68
 

Zettler et at. 1973
 
Attia 1976
 

Attia 1977b
 

* Only countries where R. dominica resistant to malathion synergised 

with triphenyl phosphate. See Report FAO Survey 1972-73 for other
 
species.
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ACETHION
 

. castanew' 

BENOXAFOS
 

T. castaneewn 

BROMOPHOS
 

S. zeamai8 

R. dominica 


T. caata'zeum 


T. confuszrn 


0. aurina'ensis 


0. mercator 


CHLORPHOXIM
 

T. castane=' 

CHLORPYRIPHOS
 

T. castanew' 


E. cauteZa 


CHLORPYRIPHOS 


F. oryzae 


R. drninica 


T. castaneum 

T. confusu' 


0. aurinamensis 

CHLORTHION
 

0. 8urinamensis 

CYANOLATE
 

T. castneum 

CYANOPHOS;
 

Ff.dominica 


T. castanew 

T. confusum 


0. 8urin'enais 

DEMETON METHYL
 

S. oryzae 


T. castaneum 


Nigeria, lab-selected malathion
 
(T,x2) Dyte & Blackman 1972
 

Australia (F,x6) Champ & Campbell
arown 1970
 

Brazil (Am,x2) Mello 1972
 

Australia (F,xl5) FAO Survey 1972-73
 

Australia (T,x6) Dyte 1974
 

Australia (F,x2) FAO Survey 1972-73
 

Israel, lab-selected malathion (F,xl9) Tyler & Binns 1976b
 

Australia (F,x9) FAO Survey 1972-73
 

Various countries (F,xl7) Dyte et al.1976c
 

Senegal, lab-selected malathion
 
(F,x158) Dyte & Forster 1973
 

U.S.A., lab-selected malathion (T,x20) Speirs & Zettler 1969
 

Australia (F,x5) Champ & Campbell-


Brown 1970
 

Australia (Larvae, T,xl.7) Attia 1976
 

METHYL
 

Australia (F,x2) FAO Survey 1972-73
 

Australia (F,x33) FAO Survey 1972-73
 

Australia (F,x4) Champ & Campbell-

Brown 1970
 

Australia (F,x3) FAO Survey 1972-73
 

Unspecified localities (F,x2) Dyte et aL.1976c
 

Israel, lab-selected malathion (F,x2) Tyler & Binns 1976b
 

Australia (T,x37) Dyte 1976
 

Australia (F,>xlO0) FAO Survey 1972-73
 

Australia (F,x3) Champ & Campbell-

Brown 1970
 

Australia (F,x4) FAO Survey 1972-73
 

Israel, lab-selected malathion (F,x3) Tyler & Binns 1976b
 

Poland, lab-selected (F,x28) Cichy 1971
 

Poland, lab-selected (F,434) Cichy 1971
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DIAZINON
 

S. orymae 

S. newma 


S. granariua 


R. doninica 


T. oastaneUn 


T. oolfusu 


0. BeurimensiB 


0.mercator 


E. cautetla 


P. interpunotetta 


DICAPTHON
 

0. 8urinwnenei8 


DICHLORVOS
 

S. oryzae 


R. dominica 


T. castaneun 


T. oonfuawn 


0. aurinwnensie 


E. cautelta 


P. intemvuncteata 


DICROTOPHOS
 

T. caetaneum 


FENCHLORPHOS
 

S. orz3a. 


FENITROTHION
 

S. oryzae 

R. dominica 


T. caetaneun 


T. oonfueum 


0. 8u 'ifen8i8 


0.meroator 


E. oautetla 


P. interpunote ta 


India, lab-selected malathion (x8) 

Australia (F,xlO) 


Brazil (Am,x7) 


Australia (F,x2) 


Australia (F,x3) 


U.S.A., lab-selected malathion (T,x8) 

India, lab-selected DDT (F,x9) 

India, lab-selected malathion (F,x2) 

Australia (F,xll) 


Australia (F,xl7) 


Israel, lab-selected malathion (F,x7) 

Australia (F,xll) 


Senegal, lab-selected malathion (F,x4) 


Australia (Larvae, T,x15) 


Australia (Larvae, T,x9.7) 


Israel, lab-selected malathion (F,x2) 


India, lab-selected malathion (x7) 

Australia (F,x6) 


Australia (F,xl6) 


Australia (F,x3) 


Australia (F,xl5) 


Australia (F,x2) 


Australia (Larvae,T,x2.5) 


Australia (Larvae,T,x3.6) 


Australia (T,xll) 


Australia (F,x4) 


India, lab-selected malathion (x39) 

Australia (F,x6) 


Australia (F,x3) 


Malaysia (An,xl.6) 

Australia (Am,x6) 


Australia (F,x3) 


Israel, lab-selected malathion (F,xll) 

Australia (F,x20) 

Various countries (F,xl09) 


Senegal, lab-selected malathion (F,x2) 


Japan, lab-selected methyl 

parathion (F,x3) 


Australia (Larvae,T,x9) 


Australia (Larvae,T,x8.6) 


Bansode 1974
 
FAO Survey 1972-73
 

Mello 1972
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Speirs & Zettler 1969
 
Bhatia & Pradhan 1970
 
Pasalu & Bhatia 1974
 
Champ & Campbell-

Brown 1970
 

FAO Survey 1972-73
 

Tyler & Binns 1976b
 
FAO Survey 1972-73
 

Dyte & Forster 1973
 

Attia 1976
 

Attia 1977a
 

Tyler & Binns 1976b
 

Bansode 1974
 
FAO Survey 1972-73
 

FAO Survey 1972-73
 

Champ & Campbell-

Brown 1970
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Attia 1976
 

Attia 1977a
 

Dyte 1974
 

Champ & Cribb 1965
 

Bansodo 1974
 
FAO Survey 1972-73
 

FAO survey 1972-73
 

Carter et al.1975
 
Carter et al. 1975
 

FAO Survey 1972-73
 

Tyler & Binns 1976b
 
FAO Survey 1972-73
 
Dyte et aZ.1976c
 

Dyte & Forster 1973
 

Hashimoto &
 
Fukami 1964
 
Attia 1976
 

Attia 1977a
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FENTHION
 

S. granariuo 


E. cauteZla 


FOSPIRATE
 

S. oryzaa 


R.dominica 


T.ca8taewn 


0. suricnaemens8 


JODFENPHOS
 

S. ortza 


S. gra'ariza1 


R. dcqn!'nija 


T. cjstafnewr 


T. Yofusum 

0. sur'inmenia 


0. nercaor 


K37
 

T. caaneur 


METHACRIFOS
 

R. dominica 


con!f3f 


MONOCROTOPHOS
 

E. cauteZZa 


PARATHION
 

T. caetanewn 


PARATHION METHYL
 

E. cauteZZa 


P. interpunctel~a 


PHENOTHOATE
 

T. castanewm 


0. ourtnc~enoi8 


PHOXIM
 

T. castaneum 


0. surinaensis 


PIRIMIPHOS ETHYL
 

T. oaatanewn 


Canada, lab-selected Kumar & Morrison 1967 

Japan, lab-selected methyl Hashimoto & 
parathion (F,x2) Fukami 1964 

Australia (F,x3) FAD Survey 1972-73
 

Australia (F,x43) FAQ Survey 1972-73
 

Australia, lab-selected malathion (F,x4)FAO Survey 1972-73
 

Australia (F,x2) 


India, lab-selected malathion (x9) 


Australia (F,x21) 


Australia (Fxl6) 


Australia (T,x4) 


Australia (F,x3) 


Israel, lab-selected malathion (F,x35) 

Australia (F,x9) 

Various countries (F,x30) 


Senegal, lab-selected malathion
 
(F.x28) 


Australia (T,x3) 


Australia (F,xl3) 


Australia CF,x2) 


Australia (Larvae,T,x2.3) 


India, lab-selected DDT (F,x9) 

India, lab-selected lindane (F,x2) 

India, lab-selected malathion (F,x2) 


Japan, lab-selected (F,x7) 


Australia CLarvae,T,x3) 


Australia (Larvae,T,x2) 


Nigeria, lab-selected malathion (T,x25) Dyte & Blackman 1972
 

FAO Survey 1972-73
 

Bansode 1974
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Dyte 1974
 

FAO Survey 1972-73
 

Tyler & Binns 1976b
 
FAO Survey 1972-73
 
Dyte e c1.1976c
 

Dyte & Forster 1973
 

Dyte 1976
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Attia 1976
 

Bhatia & Pradhan 1970
 
Bhatia & Pradhan 1972
 
Pasalu & Bhatia 1974
 

Hashimoto & Fukami 1964
 

Attia 1976
 

Attia 1977a
 

Australia (T,x7) 


Israel, lab-selected malathion (F,x7) 


U.S.A., lab-selected (T,x5) 


Australia (F,xlO) 


Israel, lab-selected malathion (F,x6) 


Dyte 1974
 

Tyler & Binns 1976b
 

Speirs & Zettler
 

1969
 
Champ & Campbell-


Brown 1970
 

Tyler & Binns 1976b
 

Australia (T,x4) Dyte 1976
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PIRIMIPHOS METHYL
 

S. ormaBe 


S. granlrius 


T. oastanewf 

T. confusws 


0. uriIamfnss 

E. cautaela 


P. intcvpunctela 


TEMEPHOS
 

T. castanewn 


Australia (F,x5) 


Australia (F,x2) 


Australia (T,x6) 


Australia (F,x4) 


Israel, lab-selected malathion (F,xB) 


Australia (W,:%8) 

Unspecified localities (F,x5) 


Australia (Larvae,T,xl3) 


Australia (Larvae,T,x4.8) 


Australia (F,>x9) 


TETRACHLORVINPHOS
 

S. oryzae Australia (F,x7) 

S. zewnais Brazil (Am,x3) 

S. granarius Australia (F,x2) 

R. dominica Australia (F,x5) 

T. castaneuw Australia (F,>x227) 

T. confuBwf Australia (F,x4) 


0. surinamensi8 Israel, lab-selected malathion (F,x7) 


Australia (F,x12) 


0. mercator Senegal, lab-selected
 
malathion (F,>x64) 


TETRACHLORVINPHOS ETHYL
 

T. castanewn Australia (T,>x20) 


CARBAMATES
 

ARPROCARB
 

T. castnewum Australia (F,25) 


CARBARYL
 

S. oryzae India, lab-selected malathion (x5) 


Australia (F,x3) 


S. nearmai Philippines (F,x4) 


S. gralnaGriu48 U.K., lab-selected pyrethrins (T,x3) 


T. castanfwn India, lab-selected DDT (F,>xI2) 

India, lab-selected lindae tF,-xl) 

India, lab-selected malathion (F,x2) 

Australia (F,xil) 


Malawi, Senegal 


T. confuswm Australia (F,x9) 


0. 8urinameniai U.K., lab-selected (Am,xl20) 

Australia (F,x12) 


PROMECARB
 

T. can tanewn Australia (F,x3) 


PROPOXUR 

S. granarl. Canada, lab-selected 
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FAO Survey 1972-73
 

FAO Survey 1972-73
 

Dyte 1974
 

FAO Survey 1972-73
 

Tyler & Binns 1976b
 
FAO Survey 1972-73
 
Dyte et at. 1976c
 

Attia 1976
 

Attia 1977a
 

Champ & Campbell-

Brown 1970
 

FAO Survey 1972-73
 

Mello 1972
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

Champ & Campbell-

Brown 1970
 

FAO Survey 1972-73
 

Tyler & Binns 1976
 
FAO Survey 1972-73
 

Dyte & Forster 1973
 

Dyte 1976
 

Champ & Campbell-

Brown 1970
 

Bansode 1974
 
FAO Survey 1972-73
 

Morallo-Rejesus 1972
 

Lloyd & Parkin 1963
 

Bhatia & Pradhan 1970
 
Bhatia & Pradhan 1972
 
Pasalu & Bhatia 1974
 
Champ & Campbell-

Brown 1970
 

Dyte et al. 1973
 

FAO Survey 1972-73
 

Dyte & Wilkin 1965
 
FAO Survey 1972-73
 

Champ & Campbell-

Brown 1970
 

Kumar & Morrison 1967
 



MISCELLANEOUS COMPOUNDS 

DINOSEB 

S. granarius U.K., lab-selected pyrethrins (T,x6) Lloyd & Parkin 1963 

JUVENILE HORMONE MIMICS 
(JH-l, Altozar, Altosid, DMF, Bowers'2B) 

T. castan'wn Australia Dyte et al.1976a 

Forster, unpublished 
data 

MITIN FF 

T. bi88eZte!a Germany FR (x2) Kuhne & Becker 1965 

PIPERONYL BUTOXIDE 

T. castaneumr Australia Dyte et al. 1976b 

TRIBUTYLTIN ACETATE, PH-60-40 

T. castare', Australia Carter 1975 
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TABLE 2 OCCURRENCE OF FUMIGANT RESISTANCE INPESTS OF STORED PRODUCTS
 

Stage examined - E, eggsi L, larvaei P, pupael 
A, adults. Resistance factors at LD5 o level. 

Fumigant and 

Species
 

METHYL BROMIDE
 

S. zewaia 


S. gr'farus 


T. cantanewn 

T. confuawn 


Bruchidae 


Stored cocoa 

beans
 

PHOSPHINE ** 

S. oryae 


S. granariua 


R. dominica 


T. ca8t42num 


Distribution and Notes 


China (A,xl.4) 


Canada, lab-selected MeBr(A,xl7) 

Canada, lab-selected MeBr(A,F5 0 ,x7.8) 

Canada, lab-selected MeBr(FS0 ,E-xl,
 

L-xl.2-2.7,P-x2.4,A-x4.7)* 

Malta (E,L,xI.6) 


Malawit, Bahrain, Canada, China,
 
U.K., Ethiopia, U.S.A. (A,<xl.5) 


China, lab-selected ex FAO Survey
 
(A,F3xl.6) 


Australia 


Argentina, Canada, China, Cyprus,
 

U.K., Ethiopia, Finland, Germany F.R.,
 
Greece, Iran, Iraq, Japan, Spain,
 
U.S.A. (A,<1.5) 


Australia 


Malawit 


Ghanat 


India (A,x2.5); Guyana, Kenya,
 
Portugal (A,<x2) 


Canada, lab-selected MeBr(A,F12,x13) 

Canada, lab-selected PH3(A,F 28 ,x3) 

U.K., lab-selected pyrethrins (A,x2) 

Argentina (A,x2.4) 


Guyana (A,x12); India, Libya (A,x7);
 
Argentina, Cent. Afr. Emp., Greece
 
(A,x4); Australia, China (Taiwan),
 
Guadeloupe, Jamaica (A,<x2) 


Egypt (E,A) 


Australia, lab-selected PH3(A,F 2 ,x6.5) 

India, lab-selected PH3(A,F10,x12) 

Australia, Cent. Afr. Dip., China,
 
Greece, Guyana, India, Japan,
 
Malawi, Montserrat, Nepal, Somalia,
 
Syria, U.S.A. (A,<xl.5); Guyana,
 
lab-selected P113(A,F 2,x6); India,
 
Japan, Nepal, Syria, lab-selected
 
PH3 (A,Fi,x5) 


T. conflum U.S.A. (A,x3); Argentina, Australia, 
Canada, Cyprus, U.K., Finland, 
Germany F.R., Greece, Iran, Iraq, 
Jamaica, Japan, Spain (A,<x2) 

* Resistance factors referred to susceptible adult stage. 

Reference
 

FAO Survey 1972-73
 

Anon. 1974b
 
Bond & Upitis 1972
 

Upitis et al.1973
 
Howe 1962
 

FAO Survey 1972-73
 

Winks (pers. comm)
 
Winks (pers. comm)
 

FAO Survey 1972-73
 
Winks (pers. comm)
 

FAQ Survey 1972-73
 

Kisiedu & Ntifo 1975
 

FAQ Survey 1972-73
 

Monro et al. 1961
 
Monro et al. 1972
 
Rajak & Hewlett 1971
 
FAO Survey 1972-73
 

FAO Survey 1972-73
 
Bell et aZ.1977
 

Winks 1969
 
Kem 1975
 

FAO Survey 1972-73
 

FAO Survey 1972-73
 

** Resistance factors at the LD99.9 were higher than at the LDs0 
for the lessiresistant strains, usually >x5. 

t Not kno'n tn be confirmed with laboratory tests. 
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HYDROGEN CYANIDE
 

S. ovryae 


S. granaz'iu 

T. castane=u 


T. confuswn 


ETHYLENE DIBROMIDE
 

S. Jgrnariu8 

cast. wi8nCZ 

CHLOROPICRIN
 

S. grarariu8 

ACRYLONITRILE
 

tuaS. ,ranar 

ETHYLENE OXIDE
 

S. g r ri'u 


METHYL FORMATE
 

T. confuswr 

MERCURY
 

S. granariua 

MIXTURES
 
EDB-MeBr
 

T. catnewui 

EDC-CC.l 

0. rinirens a 

CARBON DIOXIDE
 

S. granar.u 

U.S.A., lab-selected HCN(A,F,6,x2.5) 


Canada, lab-selected MeBr(A,F27,x2) 


U.S.A., lab-selected HCN(A,F2 5,x3) 


U.S.A.(A,xl.4) 


U.K., lab-selected HCN(A,F7,xl.7) 


U.S.A.(A,xl.4) 


Australia (A) 


Canada, lab-selected MeBr(A,F2 7,x3) 


Canada (A,x2) 


Canada, lab-selected EDB ex above
 

strain (A,F6,x4) 


U.S.A. (A,xl.6) 


Canada, lab-selected MeBr(A,F12,x2.2)

7


Canada, lab-selected PH3 (A,Fie,x2. ) 


Canada, lab-selected MeBr(A,F27,x4.7) 


Canada, lab-selected MeBr(A,F 27,x4.8) 


U.K., lab-selected Me formate (A,F35,x3) 


U.K., lab-selected Hq(A,F1 o,x350) 


Canada, EDB component only, see EDB
 

Italy (all life-history stages) 


Canada (A,Ft,x3) 


Lindgren &
 
Vincent 1965
 

Monro et al. 1961
 
Lindgren &
 
Vincent 1965
 

Lindqren &
 
Vincent 1965
 

Gough 1939
 
Lindgren &
 
Vincent 1965
 

winks (pers. conm.)
 

Monro et aZ. 1961 

Bond 1973
 

Anon. 1974b
 

Lindgren &
 
Vincent 1965
 

Monro et al. 1961
 

Monro et al. 1972
 

Monro et al. 1961 

Monro et al. 1961
 

Anon. 1959
 

Blackith &
 
Gorringe 1953
 

Dal Monte 1969
 

Bond (pres. comm.)
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LIMITING CONCENTRATIONS FOR FUMIGATION EFFICIENCY
 
INTHE CONTROL OF INSECT PESTS
 

C. H. BELL
 
Pest Infestation Control Laboratory, London Road, Slough,
 

Berks., ENGLAND
 

INTRODUCTION: Fumigation Is a control method often carried out at
 
short notice Inan emergency when a heavy Infestation is noticed
 
or when quarantine regulations demand during transit inor out of
 
ports. It isan expensive method of control, largely because of
 
the cost of Immobilising transport or working machinery at factor
ies, mills, docks, etc. The event of a fumigation failure may
 
therefore be financially no less than catastrophic and over the
 
years this has justified a high input on research into improving

fumigation efficacy, i.e., keeping an infested commodity In a
 
toxic atmosphere for long enough to kill all pests present. This
 
paper Investigates what constitutes a toxic atmosphere for two
 
fumigants, methyl bromide and phosphine, and how to estimate the
 
time required for action. Fumigation efficiency Is here defined
 
as an economy of dosage, measured as a product of concentration
 
and time, inachieving control.
 

For most fumigants, the concentration-time (CT) product
 
has proved a useful expression of dosage as usually long exposures
 
at low concentrations give comparable results to sho-ter exposures
 
at higher concentrations, i.e., mg/i x hr (combined units mg hr/I)
 
approximates to k, a constant for mortality. With phosphine, this
 
principle Is not expressed clearly because of the enormous varia
tions In insect tolerance as development proceeds frcm egg to
 
adult (Table I),some stages appearing to be Immune for short
 

Table I
 
CT PRODUCTS (mg h/l) for 100% KILL OF LIFE
 
STAGES OF E.cautelZa (2-DAY EXPOSURES FOR PH3)
 

EGG LARVA PUPA ADULT 

CH3Br 26 31 50 < 15 

PH3 77 1.4 2.6 < 0.7
 

periods. These stages can be killed only ifthe exposure time Is
 
long enough to allow them to develop to a stage of susceptibility
 
(I). Hence for phosphine mortality Isoften related more closely
 
to exposure time than to CT product when a mixture of stages or a
 
natural population Is fumigated. Ifthe variations due to insect
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development can be eliminated, however, by choosing a stage not
 

undergoing rapid change, then, even for phosphine, a relationship
 
be discerned and fumigant efficiency
of C x T approximating 	to k can 


the dlapausing
assessed. The test Insect chosen for this study was 


larva of the warehouse moth Ephestia elutella, a stage persisting
 

a low metabolic rate at moderate
for months In nature and with 


temperatures.
 
For all fumigants, the CT principle breaks down for very
 

low concentrations or too short exposure periods because 
at these
 

to them.

levels some individuals survive CT products normally lethal 


limits for methyl bromide and
The present work investigates such 

some factors Influencing them. All tests


phosphine and describes 

were conducted in 17001. steel fumigation chambers fitted with
 

ports for the transfer of insect material, and gas samples were
 

taken using evacuated glass flasks at intervals throughout 
each
 

experiment (2).
 

LIMITING CONCENTRATIONS FOR EFFICIENT ACTION OF METHYL BROMIDE
 

A Dlot series of tests over the concentration range of
 

0.6 to 20 mg/I at 20'C subjected diaDausing larvae to three stand

ard CT products which at non-extreme concentrations were expecred
 

to give about 25%, 50", and 705 kill. Estimated CT products for
 

indicated that maximum 	efficiency was obtained
50% kill (LD 50) 

and that outside this ranne LD 50
with concentrations of 	3-15 mg/l 


At 20 mg/I anJ an exposure range of 2-4
values Increased (2). 

2-4-1/2 hr the loss of efficiency was small but at 11.6 ,q/1
 

It was decided to investigate the
kill was recorded at all. 


effect of temperature on the concentration threshold, a factor
 

heretofore largely ignored, and six concentrations between 0.9 and
 

6.0 mg/I were tested at 15 and 250C.
 
less toxic at 250 than
Some lower concentrations proved 


for this reversal of the usual
at 15'C (Figure I). The reason 

order of tolerance was twofold. Firstly there was a higher
 

15'C, some Individthreshold for efficient action at 25' than at 


uals at 25'C surviving higher than expected CT products at 2.7 and
 
loss


1.9 mg/l. Secondly at and below the threshold, the rate of 

concentraof efficiency (i.e. rate of increase In LD values) as 


tion was lowered was not constant at 250C, being at first gradual
 

and then rapid (<1.9 mg/I). In general,
(4.0 - 1.9 mg/i) 

observations at the LD 50 revealed smaller changes and at 250C
 

than at the LD 99.
Indicated a somewhat lower threshold level 

was too low to be effective
This was because although 2.7 mg/I 


against a few individuals, for most individuals both 2.7 and
 

1.9 mg/I were still effective. Thus In Figure I the 15 and 25 C
 

at the LID 99 and between 1.9
lines cross between 2.7 and 1.9 mg/I 


and 1.3 mg/I at the LD 50. For practical purposes the threshold
 

an underestimate of the lowest concen-
Identified at the LD 50 Is 

tration for efficient action, and better results are obtained by
 

consideration of an extreme mortality level. All members of a
 

population need to be controlled for fumigation to be viable.
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800 	 15oC 25°C 

LD99 0 0 

-LD50 	 U
O 
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00 

E 

~- 200 

0 
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U 

50 
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0.9 1.3 1.9 2.7 4.0 6.0 

CONCENTRATION (mg/I) (log. scale) 

Figure 1 	Variation of LD 50 and LD 99 values with temperature,
 
testing six low methyl bromide concentrations against

diapausing larvae of Ephestia elutella. 
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Another aspect which has received little attention Is the
 
effect of exposure to a high (well above th-eshold) concentration
 
on the subsequent tolerance to low concentration, I.e., a fumiga
tion with a fall in concentration. This Is, of course, the form
 
of the exposure in most practical fumigations, and knowledge of
 
the efficiency threshold for the 'tail' of the concentration curve
 

Is necessary for meaningful decisions on their proposed duration.
 
The recommendation to extend a fumigation withou renassing would 
thus depend on the concentration level ann its rate of fall-off, 
with a defined terminal concentration it ,i. 

In laboratory tests, two conce,'tr-t)tlons were established 
in separate chambers at 250C. Larvae were exr-sed firstly at 
12 mg/l, a concentration %-jell above the trr- shold range but lower 
than many occurring in practice, and were tnen -juickly transferred 
to a selected low concentration in the second chamber. The exposure 
at high concentration ,,as initially set at a length expected to 
achieve no rore than 10-20% kill. A slight depression of the con
centration threshold was discernible, concentrations down to 
2.8 mg/I retaining full efficiency (Table II). More recently a
 

TABLE II
 
CT PRODUCTS FOR LD 50 and LD 99 OF DIAPAUSE LARVAE EXPOSED AT
 
251C TO LOW CH3Br CONCENTRATIONS AFTER 12 mg/l for 3-1/2 HOURS
 

o7 hr , ... .F,l.Pr SvD 

1? m,./1 
L) 09 144 1 27r 431 

,'FT9 ) AT 1,0"! L) 5C6 70 92 290 

Cr N,*:T. ATTN 

ONLY LD 99 16 1og 225 I 

second series of fumigations has been conducted Inwhich exposure
 
at 12 mg/i was extended to give an expected kill of about 70% (CT
 
product 90 mg hr/I). The latest results from this series Indicate
 
a concentration threshold of about half the value obtained at 251C
 
without exposure to high concentration. Thus the higher the level
 
of kill, the lower the concentration that can be tolerated by
 
survivors.
 

185
 



THE EFFICIENCY OF PHOSPHINE OVER A WIDE RANGE OF CONCENTRATIONS
 
at 200C. Inthe first series of tests a concentration range of
 
0.02 to 1.4 mg/I was examined using three standard CT products as
 
described for methyl bromide (2). Estimates of LD 50 gave no
 
evidence of a fall-off Inefficiency at the lower concentrations
 
tested; Indeed the lowest concentration of all gave the lowest
 
LD 50. At higher concentrations Itwas clear that efficiency
 
decreased markedly, the LD 50 at 0.75 mg/I being much higher than
 
at 0.27 mg/l. However LD 50 values for 0.75 and 1.0 mg/l were
 
obtained only by extrapolation and no significant kill at all was
 
obtained at 1.4 mg/I at which all exposures were less than 6 hr.
 
Additional data were thus needed to clarify results. Further ex
amination of the effect of low concentrations was also needed
 
because a previous test with a gradually falling concentration had
 
identified a threshold near 0.03 mg/l. Inthis test, very little
 
Increase Inkill was obtained after the concentration fell to this
 
level (Figure 2).
 

To obtain a more complete picture of the concentration
 
limits for efficient action of phosphine, larvae were fumigated
 
at 20'C at concentrations of 0.014-4.0 mg/i and exposure periods
 
of 3-1/2 hr to 43 days, giving a CT product range of 3.5-56 mg h/l.
 
Examining firstly the effect of low concentrations it is evident
 
that a loss of fumigant efficiency occurs below 0.04 mg/l, as
 
judged by an Increase Inthe CT product for 90 and 99% kill
 
(Figure 3, Table III). However, this loss of efficiency isnot
 
evident at the LD 50 and hence remained undetected inthe pilot
 
test series. At higher concentrations (0.5 mg/i and above) fumi
gant efficiency declined to such a marked extent that LD 99 values
 
had to be calculated by extrapolation beyond the tested exposure
 
ranges. This deterioration in fumigant efficiency was also evi
dent at the LD 90, but not at the LD 50 at 0.7 mg/I and below.
 
Concentrations of 0.5 mg/I and above are describeJ by Winks (3)as
 
narcotic and It Is possible that from this level upwards a few
 
individuals become narcotised and survive for longer than expected,
 
ca-Asing curvature of probit lines and Increasing the LD 99 rather
 
than the LD 50 Ina linear fit.
 

A further series of six tests was conducted at 1.5-6 mg/l,
 
each test having eight exposures from 3-1/2 hr to 40 hr. SIngle
 
larvae survived the 40 hr exposure at 1.5 and 2.0 mg/l, but Inthe
 
other four tests complete kill was obtained In both 40 and 28 hr
 
exposures. The LD 99 values calculated were similar to their pro
jected counterparts Inthe earlier series, but Indicated that
 
above 2 mg/i the whole population was narcotised and mortality was
 
dependent solely on duration of exposure (Table IV). The time for
 
50% kill (LT 50) at these concentrations was about 9 hr and the
 
LT 99 about 29 hr.
 

For phosphine, then, four phases of efficiency can be
 
distinguished as concentration Is Increased from very low to very
 
high levels. Firstly, there Isthe below-threshold region up to
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Figure 2. 	Effect of a low and falling concentration of phosphine
 
on the mortality of diapausing larvae of Ephestia
 
elutella at 25'C
 

0.04 mg/I with some individuals surviving disproportionally long
 
periods and reducing efficiency. Between 0.04 and 0.35 mg/l the
 
action of phosphine is highly efficient and the CT principle holds
 
as shown by the linear portion of Fig. 3. The slope of this
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Figure 3. The relationship between time and concentration of
 
phosphine for mortality of Ephestia elutela
 
diapausing larvae fumigated at 200C
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TABLE III. TOXICITY OF LOW CONCENTRATIONS OF PHOSPHINE TO
 
E. eZutelZa DIAPAUSE LARVAE (AT 200C)
 

CCiICN. LD 5 LD 09 

0 0
 

390 4°0' 

TABLE IV. EXPOSURE TIME FOR LD 50 and LD 99 of DIAPAUSE LARVAE
 

IN HIGH DOSE PHOSPHINE TESTS AT 200C
 

CC'irCK.B'TkTTON; LD 51 l) 99 
mp./l (hr) (hr) 

5.8 29
 

4.1 9 29
 

2.8 8 2r 

2o7 0 29 

50
2.0 16 


1.5 13 44
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u9, 

relationship (C0. T = K). At 0.04-0.10 mg/I, a CT product of
 
14 mg h/I Is adequate for 100% kill of the test Insects.
 

Above 0.35 mg/I the efficiency of phosphine declines,
 
but Increases in concentration up to 2 mg/I continue to shorten
 
the exposure required for 100% k6! . A heavily time-biased CT
 
relationship (approximately to C T = K) may still operate over
 
this concentration range. Lastly, for concentrations above 2 mg/l,

mortality Is determined by time of exposure only, individuals
 
varying In their capacity to survive In a narcotised state.
 

As temperature has already been shown to influence the
 
minimum effective concentration with methyl bromide, some pilot
 
tests have been conducted on the effect of temperature on the
 
minimum exposure for 99% kill with phosphine. Again (Table V)
 

linear portion Is indicating a slight time bias in the CT
 

TABLE V 	PERCENTAGE KILL OF Ephestia elutella DIAPAUSING LARVAE
 
IN HIGH DOSE PHOSPHINE TESTS
 

EXPOSURE 2.0 mg/i 4.1 mg/i
 
(HOURS) 

150C 200C 150C 200C 

3.5 	 37 23 63 33 
5 56 46 80 68 

7 89 50 79 79
 

10 89 54 89 75
 

14 93 98
78 	 95
 

20 98 90 100 98
 

28 100 93 100 100
 

40 100 98 100 100
 

a reversal Is seen In the order of tolerance at higher and lower
 
temperatures, tests at 2 and 4 mg/I proving more toxic at 150C
 
than at 201C. 
 LT 99 values calculated for the two concentrations
 
at 150C are similar (22-23 hr) indicating that time alone was
 
governing mortality. The minimum effective exposure period for
 
complete 	control, like the LT 99, Is likely to be shorter at 15'C
 
than at 20C.
 

DISCUSSION AND CONCLUSIONS: For methyl bromide the maximum con
centration range for high fumigation efficiency in normal practice
 
Is about 2-20 mg/l, but concentrations up to 4 mg/I may prove
 
Ineffective against certain species In warm conditions. Very low
 
concentrations are more toxic at low temperatures than at higher
 
ones, and are more effective when following exposure to higher
 
concentrations.
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For phosphine, a CT relationship exists over a restricted 
concentration range but is usually observed by insect development. 
In general, all concentrations above a very low minimum (0.03 mg/I 
for Ephestia eZhitelZa dianausing larvae at 20'C) are effective, 
but no advantage is gained in terms of extra kill by increases 
above 2 rq/l. dowever, because insect develonment larc.ely con-. 
trols mortality, with phosphine lone exoosures are always required 
to span tolerant stagies and achieve control, especially at lower 
temperatures, and hich initial doses ma, me renuired to ensure 
that ias is ,resent at the end of the e>x'DSurO. High concentra
tions may induce a state cf narcosis in ins-aT-s exposed but the 
period so survived is relatively short, especially at lower 
temperatures. 

,aist this background, factors contributing to the 
development of resistance can be viewed more clearly. The worst 
situation for lena term efficacy is persistent exposure of an 
insect population to low concentrations at high temperature. With 
methyl bromide the bijare- dancer is,.' n hi nl sorptive commodi
ties such as ci lseed ca--es and fish"eal are treated as these can 
lower the free-s?.-. f levels.ic onc-tra -iqn t col- The 
minimum e~fective -o ......ior i .... ..j '.h _er. .erature,im
plyino t-hat for a Aiver, t.p 'r re +he rate of Jetc<ifica
tion increases -ore rapidy tJe t sf a.e. This being 
so, individuals survi,,inr arcinal tre'ments at higher tempera
tures II be the fastest "etox ifiers. lower temperatures, 
individuals with sl,, rates of ,Ptn! r-r, prevail equally well 
Hence the dancer of I' dosaqe levels a i i-er,,erature is the 
rapid selection for resistance based on -etcyific-ition. It is 
fortuitous, Derha-S, tat ,arm rearin ,"itcrio have been used 
In laboratory selection s+udies on reslta cc. For resistance 
based on slow untake, however, a diffe-re - r:,,ach may be required. 

Eecause of the temperature ere-, H can be seen that 
fumigant resistance is -ore likely to a e-r and cause problems in 
tropical rather than temperate zones. ,ith a furigant like phos
phine the Dossibility of narcosis provides an addi-ional resistance 
mechanism. Selection for this type of resistance is most likely 
to occur by repeated exposure of ,apopulation to high dosages for 
short periods, again at high terperature. Fumigation of leaky 
containers or railway truc;,s in the propics provide examples of 
how this combination of conditions can occur in practice. 

At present resistance to fumigants has not become a
 
serious economic problem. Some resistance to phosphine in short
 
exposures was reported In the 1973 Global Survey (4) but all
 
strains that have been tested with longer exposure periods have
 
shnwn more normal tolerance. The threat of future Increases In
 
tolerance cannot, however, be Ignored.
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ANALYSIS OF FORMULATIONS AND RESIDUES - SOME
 
CURRENT CONSIDERATIONS
 

J. M. DESMARCHELIER
 
CSIRO, Division of Entomology,
 

P.O. Box 1700,
 
ACT, 2601, Australia
 

I will give a very brief outline of recent Australian 
work on analysis of formulations and residues with emphasis on 

determination of amounts of chemicals as a tool for improving 

usage of chemicals. I feel sure that my con-ents on Australia 

will apply to other countries and I .ill ;, orief because I think 
the discussion will prove more usefal fni, -y -aIk. 

FORMULATIONS: The follow.ing faults with forrulalions have been 

observed. 
I) Some formulations .ere supplied ny manufacturer at 

less than stated strer,r. 
2) Some formulations brove no,. in containers - i.e. 

lost chemical screnqgt. 
3) Some formulations coneil& in containers - i.e. 

lost physical properTins. 
4) Some forrlatio:s were delivered with added 

noxious compounds (solvenTS). 
5) Some formulations, ,,'- n ii.,ej with water, became 

heterogeneous (i.e. settling occurred). 
) Some formulations, when u. "th hard but not 

soft WaTer, became heteroe 
There is therefore a need to de-rrn, chemical and 

physical properties of for-jlations unlr 7ori r of use. If 

a new chemical is to be uses, such deteri riticns should be 
carried out, as a precaution, in extens .a rrinl- Kefore full 

introduction. In all cases, sampling is require! to determine 
concentrations. Therefore there is a Peet for rapid and cneap 
methods of analysis.
 

A cheap analysis usual ly rrsan5 analysis bt color, or a
 

titrimetric analysis. Such methods of analyses are declining in
 
highly developed countries. This is a pity, for Iwo reasons:
 

I) 	Such methods are cheaper than electronic methods
 
and therefore more universally applicable.
 

2) 	 Such methods usually have constant machine response
 
and primary analytical standards, and are therefore
 
icss prone to the gross errors that can occur in
 
electronic analyses.
 

RESIDUES ON GRAINS: From analyses of residues on grains we have
 
found, In Australia:
 

I) The average residue Is predictable.
 
2) A small area of grain, e.g. 100 tonnes, in a large
 

well-treated storage can contain no insecticide at
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all because, for example, the insecticide pump was
 
turned off for an hour during receival of grain.
 

3) Experimental treatments can be mislabelled.
 
4) Some storages can receive erratic application of
 

insecticides because of the position of the spray.
 
5) 	 Marked improvements in effectiveness of protectants
 

can be achieved by even small changes in tempera
ture (a few degrees is important) or by partial
 
turning of bins to even out residues.
 

The value of determination of residues, in this context,
 
is that they point to areas where improvements can be made. They
 
result in better control of insects, at lit ile extra cost and
 
sometimes at reduced cost. However, the value of such work is
 
usually only of local benefit - e.g. this spray is wrongly
 
placed, that water is too hard, etc. Therefore each country and
 
each district must determine its own residues.
 

Therefore we need cheap, rapid methods to analyze
 
residues.
 

In my experience, small differences in residues between 
storages usually lead to no practical improvement. For example, 
If residues in two storages are 4 and 5 c/t respectively, one 
cannot draw conclusions about application in either storage. If, 
however, residues are 0.5 dnd 5 g/t, one can draw conclusions and 
often the source of error can be detecjed, and corrected. For 
such 	 purposes, there is need for many analyses, but they do not 
have to be precise. In Australia, we have found semiquantitative
 
methods of analysis to be very useful, for example analysis of
 
bloresmethrin or carbaryl by a color reaction on a plate for
 
Thin-Layer Chromatography. Such methods are very rapid, inexpen
sive and sufficiently precise (±20%) for most purposes.
 

COLLABORATIVE ANALYTICAL PROGRAMS: Such programs, where several
 
analysts analyze a given sample, are excellent checks on reliabil
ity of procedures and help to detect, and therefore correct,
 
errors made by a particular analyst.
 

SUGGESTIONS FOR INTERNATIONAL COOPERATION ON METHODS OF ANALYSIS
 
SUITABLE FOR LABORATORIES WITH LIMITED FINANCES: There are two
 
major objections to the use of determination of chemical residues
 
as a tool for Improving the benefits of chemical usage. These
 
objections are the cost of chemical laboratories, and the reli
ability of results from one laboratory. I put forward for your
 
consideration some proposals to reduce cost and increase reliabil
ity.
 

I) 	A list should be collected of regional and Inter
national laboratories prepared to check suitable
 
methods of analysis. Such collaborative programs
 
are the best test of reliability. For most
 
purposes regional programs are adequate.
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2) 	 Residue chemists could develop methods of analysis
 
suitable for a given type of equipmjnt if labora
tories with limited resources could standardize on
 
a given type of equipment.
 

3) 	 Emphasis should be placed on volumetric and color
 
methods of analysis, where possible (e.g. mala
thion, pyrethrins, fenitrothion, carbaryl).
 

4) Regional organizations should ensure that suitable
 
methods of analysis are evaluated before the
 
introduction of new insecticides. Such organiza
tions could request developmental work from
 
laboratories outside the recion.
 

5) 	 Analytical procedures suitable for developing
 
country would be evaluated more frequently in
 
developed countries if they were more aware of the
 
analytical requirements and analytical equipment
 
of developing ccunTries. -ould it be worthwhile
 
to exchange sich information within regions, and
 
between regions?
 

6) Might it be useful, at the next Conference, and
 
informally at this Conference, to have one period
 
devoted to sub-programs, for example, a program on
 
analysis of residues?
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RECENT ADVANCES IN THE USE OF MODIFIED ATMOSPHERES
 
FOR STORED PRODUCT PEST CONTROL
 

H. J. BANKS
 
CSIRO, Division of Entomology, P.O. Box 1700
 

Canberra, A.C.T., 2601, Australia
 

Modified or controlled atmosphere (CA) storage of grain
 
Involves alteration of the proportions of the normal gaseous
 
constituents of the storage environment, oxygen, nitrogen and
 
carbon dioxide to provide an insecticidal atmosphere. This paper
 
reviews experimental approaches made over the years directed
 
towards the development of full commercial utilisation of this
 
residue-free method of insect control instored dry durable
 
commodities, such as grain or pulses. Although working on a
 
similar biological principle, hermetic and pit storage systems are
 
specifically excluded from this review and only atmospheres
 
created by external addition of gases to give The altered composi
tion will be considered.
 

There are ,everal questions which must be answered
 
before controlled atmosphere storage can be used successfully,
 
efficiently and routinely.
 

They can be summarised as:
 
(a) How well sealed must the storage be?
 
(b) What quantity of gas isrequired to create the
 

desired atmosphere in this storage?
 
(c) How much gas will be required to maintain the
 

correct gaseous composition for a set exposure
 
period?
 

(d) What Is the correct exposure period?
 
Two publications in 1971 (I)and 1977 (2)have set out
 

Istate of the art' practical instructions for controlled atmos
phere storage of grain. Both were based on field experience of
 
the method and gave answers to these questions as then known.
 
However, practical experience in the use of this technique is
 
rapidly being amassed and it is time to review the information
 
available and see where there are still problems to be solved.
 

REQUIREMENTS FOR APPLICATION OF MODIFIED ATMOSPHERES: The
 
atmospheric composition and its biological effect - Two main types
 
of modified atmospheres are insecticidal, both of which have been
 
Investigated under full scale field conditions: - low oxygen
 
atmospheres and CO2-rich atmospheres. The low oxygen atmospheres
 
have been found to be insecticidal below about 2Z oxygen to all
 
species and stages of stored product pests so far tested (3).
 
Some species are more susceptible and may be killed at i3%0 or
 
more (e.g. Cryptolestes ferrugineus adults (4)). An atrmospgere
 
containing I%oxygen appears to be the best compromise between
 
Increased speed of action at lower oxygen levels (5)and the
 
Increased difficulty of maintaining low 02 levels.
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The low oxygen atmospheres have been generated under

field comditions either by purging the storage with nitrogen,

supplied by tanker as a liquid, or by burning hydrocarbons in air
 
and using the exhaust from the burner as a purge.
 

CO rich atmospheres have been generated from CO
supplied in anker as a liquid, as compressed gas In cylinders or
 
as dry ice. Ithas long been recognized (6)that high levels of
 
CO2 give control In the presence of substantial quantities of
 
oxygen and therefore that CO2 acts as a 
toxic fumigant rather
 
than merely displacing oxygen. The optimum level appears to be
 
about 60% CO2 Inair, i.e. 8% 0 
60% C02, balance N2 and rare
 gases. 
Below 60%, the action o? the gas mixture against several
 
species (e.g. S. granarius declines (4)(7)). Between 60 and 98%
 
It isapproximately constant 
(8)and then declines slightly for
 
still higher CO levels.
 

The time taken to achieve a certain level of Insect
 
kill is dependent not only on the composition of the atmosphere

but also on the temperature of the environment. With low oxygen

atmospheres the temperature effect is substantial; the period

required for complete insect kill 
at high storage temperatures,

e.g. 350C, Isonly a few days but may be many weeks below 15'C.

Exposure times required for complete disinfestation at various
 
temperatures have been published (2). 
 Where only susceptible

species such as Oryzaephilus surinarnensis are present or a lower
 
level of mortality is acceptable, these periods may be substan
tially reduced. There is insufficient data available to assess

accurately the influence of temperature upon the effectiveness of

carbon dioxide-rich atmospheres. However, itappears that there
 
Isa similar but less pronounced temperature dependence than for
 
low oxygen systems. Generally, the speeds of action of the two
 systems are similar but there Is some variation between species

and stages.
 

The requirement for an exposure period of several days
 
or even some weeks, to the modified atmosphere, means that the
 
atmosphere of the correct composition must be maintained under
 
conditions where some 
leakage is inevitable. During this period,

the 'maintenance phase,' 
it has been found necessary with low
 
oxygen atmospheres to add further gas to counteract leakage.

This may also be the case with C02-rich atmospheres, although

because they are effective over a wide range of CO2 levels, this
 
Is not always necessary.


The effects of sealing - Before considering the results

of the various field trials indetail 
It is necessary to explain

the relevance of the sealing level of the enclosure to the
 
general technique of modified atmosphere storage. It Isobvious
 
that given an inexhaustable supply of gas available at any rate
 
on demand, Itwould be possible to create a specified atmosphere

Inalmost any storage enclosure. Such a situation would clearly

be uneconomic. 
Gas usage must thus be reduced by sealing. This
 

199
 



may sometimes be expensive, but the cost can be offset against
 
the saving of gas.
 

There are a number of forces which cause gas losses
 
from enclosures. These have been summarized for freight contain
ers (9)and their various contributions investigated under
 
practical conditions (10) (11). The influence of some forces,
 
such as wind, may be reduced by increased level of sealing.

Others, particularly those generated by temperature cycling In
 
the headspace, are substantially decreased only by having very

high levels of sealing. The optimal standard of sealing for
 
storages for controlled atmosphere use isthat where the gas loss
 
caused by the forces in the former category Isnegligible compared

with that caused by the latter. This standard can be predicted

mathematically and has been published for storages of 300-10000
 
tonnes (2). The predicted gas interchange rate of such sealed
 
stored with atmosphere is less than 5%/day. The setting of such
 
a standard is important as itprevents the expenditure of un
necessary effort inattaining higher levels of sealing which do
 
not result in reduced leakage. When because of practical diffi
culties, this sealing level cannot be achieved, a higher rate of
 
gas usage can be expected to maintain a set atmospheric composi
tion. For ISO IC freight containers, a leakage standard of
 
<20 m3/hr at 250 Pa excess pressure seems appropriate on present
 
data (12).
 

The sealing of a storage also provides an insect-proof

barrier. Thus, unless required for quality preservation, the
 
maintenance of modified atmosphere isrequired only for as long
 
as required for complete insect kill within the store.
 

It Isunfortunate that an objective measurement of
 
gastightness, such as a pressure test, isseldom given in reports

of modified atmosphere trials. This prevents conclusive analysis

of the reasons for the differing efficiencies attained In the
 
different trials. However where a large maintenance rate Is
 
required, It Is likely that the standard of sealing was low.
 

FIELD TRIALS: Atmospheres generated with nitrogen - There have
 
been a number of field trials conducted with low oxygen atmos
pheres generated by introduction of nitrogen gas. Table I gives
 
a summary of the trials carried out InAustralia over the past

few years. This table is an expanded version of that presented
 
(3)to the First International Working Conference on Stored
 
Product Entomology. Details of the pressure tests and duct work
 
of the bins used are given inTable i.
 

Despite the wide range of gastightness, rates of gas
 
Input, configuration of gas Introduction system and bin capacity

and degree of filling, there was no difficulty in creating a
 
sufficiently low oxygen atmosphere throughout the grain mass In
 
the structures. Inthree of the trials, purging was terminated
 
before the headspace was below 1.5% oxygen. Intwo of these, the
 
addition of gas during the maintenance phase lowered the oxygen
 
level below this. Inthe third, Cunnigar I,the oxygen level
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TABLE I. Nitrogen usages and efficiencies for trials using liquid nitrogen carried
 
out by CSIRO (13). 

Trial 
 Date Storage Load Filling Nitrogen Headspace Efficiency

(Site) of capacity (tonnes) ratio used for
3 	 % 02 at (E3 %)*
Trial m	 u3
 pur~e 
 termination
 

Bordertown I 1972 9049 7035 
 0.92 730 1.1 76
 
wheat
 

Bordertown II 
 1972 9049 	 5220 0.74 9622 3.2 73
 
wheat
 

Cunningar I 1973 2930 
 2040 0.85 1990 3.9 84
 
wheat
 

Cunningar II 1973 2930 2040 0.85 2467 1.0 92
 
wheat
 

Sunshine 
 1974 3055 	 1809 0.71 3300 1.2 89
 
barley
 

Newcastle 1975 
 421 294 0.83 0.7
 
wheat
 

Balaklava 1976 9049 6474 0.91 7072 
 2.1 75
 
wheat
 

Bungunya 1976 2330 1780 0.91 2095 
 0.8 79
 
wheat
 

Efficiency calculated according to formula in Appendix I. 



TABLE II. Sumary of purging and pressure tests for CSIRO nitrogen trials, C131.
 

Trial 


Bordertown I 


Bordertown II 


Cunningar I 

Ncone
 
0 

Cunningar II 


Sunshine 


Newcastle 


Balaklava 


Bungunya 


Inlet system 


Annular perforated duct 

close to wall and
 
central input point
 

Shielded input on base 

on wall
 

Directly into base of 


Directly into base of 

cone
 

Y-shaped perforated 

aeration duct on floor
 

Perforated duct along 

diameter of bin
 

3 symmetrically placed 

shielded inputs
 
around base of wall
 

Radial perforated duct 


Average purge 

rate (m3/min) 


4.9 


9.4 


2.2 


3.2 


2.7 


0.77 


1.7 


1.35 


Calculated 

equivalent 

rise rate 

m/hr 


1.8 


3.5 


1.5 


2.1 


2.1 


2.2 


0.6 


1.8 


Pressure test
 
Decay Flow giving

250-125 Pa 250 Pa (I/sec)
 
(filled)
 
(secs)
 

100
 

1600
 

100
 

80
 

780 4
 

6
 

960
 

240 5
 



rose, as an 	Inadequate level of sealing had been achieved and air
 
was forced In 6y wind at a rate greater than could be counter
acted by the gas Input rate available.
 

In small scale trials In bins of 30-150 m3 capacity by

Shejbal et al. (5) (14) (15), nitrogen was Introduced for purging

directly Into the headspace of the storage. Two to three times
 
the interstitial volume was said (4) to reduce the oxygen tension
 
In the bin to that of the purge nitrogen. Assuming a 95% full
 
bin and an attained 02 proportion of 0.5%, the usage of two and
 
three nitrogen volumes (with 0.5% O2 content) corresponds to
 
efficiencies of 81 and 54% respectively (formulae for calculation
 
of efficiencies are given in Appendix I). Because nitrogen is
 
less dense than air, purging down through the grain may reduce
 
density-related mixing and give a higher elficiency. 
There is no
 
evidence for this as the efficiencies obtained by Shejbal et al.
 
(14) are similar to those in the CSIRO trials (Table I) (13)

where upward flow was used.
 

It can be seen that the creation of low oxygen atmos
pheres is a reasonably efficient process even in storages whose
 
gasetightness is less than desirable to give an economic mainte
nance rate. The wide variety of systems found to be suitable
 
show that the efficiency of creation of low oxygen atmospheres Is
 
not very sensitive to the ductwork design and introduction rates.
 
It seems that the advantage of any increase effecting more
 
complex introduction systems would be offset by their cost and
 
inconvenience.
 

Inmost of the trials where maintenance of the atmos
phere was attempted, the maintenance gas was added into the
 
headspace. The minimum requirement was specifically investigated
 
In three trials by progressively decreasing the input rate until
 
maintenance was just achieved. Table III compares the observed
 

TABLE III. 	 Minimum maintenance flow compared with air ingress
 
due to head space treatment (12).
 

Nitrogen flow to Maximum possible Calculated
 
maintain low oxygen air ingress due nitrogen
 
concentration to temperature requirement (E2)
 

cycle (El) dilute this
 
Ingress to 1% 02
 

- I 	 - I 3 - I
 
m3 day	 m3 day m day


Newcastle 15 	 4.3 
 13
 

Bungunya 37 	 8.4 
 26
 

Balaklava 69 
 55 	 169
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and calculated requirements. It is assumed that there is direct
 
displacement of the air coming In and free mixing with displace
ment of the diluted gas. Intwo cases the requirement was
 
similar to that expected from free mixing. Inthe third It was
 
close to that expected from displacement. This difference may
 
partly be attributable to differences in the location of leaks,
 
as well as to difference In total sealing level. Based on the
 
experience obtained with these and other trials, a Vable of
 
expected maintenance usages, with various bin sizes and fillings,
 
has been published (2).
 

In TWO trials, Cunnigar I and II, the maintenance
 
nitrogen was introduced at the base. InCunningar II, there was
 
a very high maintenance requirement of about 850 m3/day. This
 
high rate resulted partly from high general interchange rate as
 
the storage was not sealed to a high standard, but also because
 
the air, entering principally at the base of !he bin, was forced
 
into the grain mass, instead of, at least in part, being expelled
 
through the leak where it entered. Admission of the nitrogen
 
into the headspace would have substantially reduced the mainte
nance requirement by allowing this to occur.
 

In experimental treatments by Shejbal et al. (14)
 
nitrogen was introduced at a continuous rate to give a perceptable
 
outflow of gas at the base of the storage. The requirement
 
ranged from 0.2 to 1.5 litres N2/hr/100 kg wheat or" barley. In
 
commercial usage in Italy the requirement is 0.008-0.02 litres
 
N2/hr/100 kg grain (16). A demand system is used which maintains
 
a slight positive pressure in the structure at all times. These
 
rates correspond to usages of 96 to 720 and 29-72 m/day respec
tively. The latter rate is similar to that observed in the CSIRO
 
trials (Tab!e IV) using a continuous nitrogen input.
 

Tne biological effectiveness of the experimental trials
 
using nitrogen has been high but not always complete. Shejbal et
 
al. (5) (14) apparently obtained survival of eggs of S. granarius
 
after 10 days at 220C in their trials with 0.5, 02 in iitrogen.
 
In CSIRO trials, where short exposures have been used, some
 
survival has been found. In the Sunshine trial, a mortality of
 
99.3% of mixed stages of S. oryzae was obtained, with only early
 
stages and pupae surviving after 31 days at 14-200C at <1%
 
oxygen.
 

No infestation was recorded in the Bungunya and
 
Balaklava trials, which remained sealed for a further five and
 
eight months respectively after termination of maintenance of
 
nitrogen despite Infestations In the adjacent bins. The bins had
 
been under low oxygen for more than 195 days. The grain from the
 
Newcastle trial was also free of Insects but had previously been
 
disinfested with phosphine, and thus the effect of the nitrogen
 
exposure could not be assessed. In these cases the insect
 
proofing from the sealing was clearly demonstrated.
 

Recently, commercial pilot trials have been carried out
 
in Victoria and Queensland with nitrogen-generated low oxygen
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TABLE IV. Sumary of trials conducted using C02 by CSIRO. 

Trial Enclosure Load 
(tonnes) 

Average 
Co2 level 
achieved 

Initial 
charge 

Purging 
efficiency 
E1 E2 

Decay 
250-125 Pa 
(filled) 
(secs) 

Flow 
giving 
250 Pa 
(1/sec) 

Reference 

Bordertown III welded steel 
bin 

6600 wheat 97t 10.4 
tonnes 

7t 450 [331 

Bordertown IV welded steel 
bin 

6600 wheat 73t 6.9 
tonnes 

79t 450 - [33] 

0 

Sydney I 

Boggabri 

PVC.sheet 

freight 

container 

2.7 wheat 
G rye 

18-22 

wheat 

60 

45-70 

11 kg 

20-40 
kg 

- 60 

81-93 

- 2.5 

0.1-9.4 

[341 

[35] 

Sydney II freight 

container 
18 wheat 45 31 kg 71 2.5 [36] 

Rabaul I freight 

container 
8 copra 74 75 kg 69 10 [35] 

Rabaul II LASH 

barge 
.135 cocoa* 53 851 kg 92 96t [351 

Harden grain storage 13600* 55t 33 
tonnes 

73t 470** [33] 

* Part load 
** 125-62.5 Pa decay 
t Provisional figures 



atmospheres. These have been based on the trials reported here.
 
No Insects were present at outturn In either series, although
 
Infestation, largely T. castaneum and R. dominica, were present
 
at the start. In both cases the exposure to low oxygen exceed
 
two months.
 

Atmospheres 9enerated by burninQ hydrocarbons - The use
 
of liquid nitrogen as a source of atmosphere may often be expen
sive, particularly where long transport distances are involved
 
between the production site and the storage. This can be avoided
 

If a method of on-site generation of suitable atmosphere is
 
available.
 

The first record (1918) (17) (18) of a process of this
 
kind Is of the treatment of 230 tonnes of "very weevilly" wheat
 
enclosed In malthoid with the exhaust gases from burning coke.
 
An atmosphere of 10-15% C02 and presumably low oxygen was gener
ated and naintained by passing the combustion gases from a
 
furnace into the enclosure. The exhaust was said to be 80%
 
nitrogen, 20% CO and "no free oxygen." 14o live weevils were
 
found after treatment. The process was extensively used in 1918
 
and 1919 (18). The only on-site method tested to modern stand
ards consists of burning hydrocarbons in air, thus producing a
 
low oxygen exhaust, with conditioning to remove excess moisture.
 
The technique is widely used (19) in apple stores and in the
 
storage of oxygen sensitive commodities such as alfalfa pellets.
 

Storey (20)-used gas from t.io exothermic generators,
 
output capacity 850 mn/hS each, for the purging of 543 tonnes of
 
wheat In a cell of 937 m capacity (assuming flat roof and
 
floor). The gas produced was <1% 09, 8.5-11.5% CO2 1-2% CO and
 
balance nitrogen. In one experiment the gas was introduced with
 
the grain in situ. The inert atmosphere front rose through +he
 
bulk at 2.4 m/hr corresponding to an input rate of 22 m3/hr
 
(actual rate not given) with an atmosphere of <1.0% 02 being
 
achieved at all points after 48 hours of purging. In a second
 
experiment, the empty bin was partly purged to 8 5% 0 and then
 
Inloaded with 543 tonnes wheat. The oxygen level in he bin rose
 
to an average of 14.1% 02. It was then purged at a slower but
 
unspecified rate than In the first test giving concentrations
 
from 0.3-1.7% 0 after 72 hours. In the third test, levels were
 
3.8% before loading, 9.0% after loading with 0.1-0.9% 02 after
 
20 hours at a purge rate as in the first experiment. In the
 

first trial, complete mortality of adult T. confusum test insects
 
was observed after 72 and 96 hours respectively. In all trials,
 
Immature stages of S. oryzae survived. The survival of adult
 
T. confuswn In the third trial was attributed to air ingress from
 
wind, demonstrating that the cells were not adequately sealed.
 

An exothermic generator has been used In the USSR (2)
 
for experimental storage of high moisture paddy rice (20-21%) and
 
suggested (22) for storage of flour and grain. No details of
 
tests on dry commodities are available, but the system produces a
 
gas mixture similar to that used by Storey (20) and thus could be
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useful for Insect control. Sixteen and eight-tenths cubic meters
 
of natural gas were used per day to maintain the atmosphere over
 
24,000 tonnes rice in four storages for four months.
 

A catalytic burner using propane was used to reduce
 
oxygen levels in a 1268 tonne capacity metal bin in Israel. The
 
results of operations over two seasons have been reported (23)

(24). In the first season the level in the bin was reduced from
 
16% to 1.2% in 49.5 hours using propane at 1.2 kg/hr. In the
 
next season, the burner reduced the oxygen level from 21% to 0.2%
 
in 60.3 hours using 67 kg propane in a load of 1208 tonnes wheat.
 
Subsequent intermittent operation of the burner for a total of
 
19.5 hours maintained the oxygen level below 2% for 20 days,
 
using 23.6 kg Sropane. The usage corresponds to an air leakage
 
rate of 16.4 m or about 2.6%/day. The storage was I -d by
 
pressure testing in both seasons giving decay times o. and 115
 
secs for a 500-250 Pa pressure drop. The air interchan rate
 
calculated from the published graphs (23) (24) were 2.0 and
 
1.2%/day respectively. These rates show a satisfactory standard
 
of sealing for efficient operation although the pressure test
 
results were lower than the proposed standard (2).
 

High but incomplete insect mortality was observed in
 
all trials. Even when a low oxygen atmosphere (<2%) was main
tained for 20 days, there was survival at the base of the bin
 
(R. dominica adults (1%), T. castanown larvae (8%) and adults
 
(4%)) and on the grain surface (T. castanewn larvae (4%) and
 
0. surinwnensis larvae (15%)). Surprisingly, there was complete 
mortality of S. oryzae adults and larvae. This species is often 
regarded as that most tolerant to low oxygen atmospheres. The 
temperatures at the sites for the test cases were not given but
 
may have been low as the experiment was carried out in January.
 

Atmospheres generated with carbon di.<ide - The possi
bility of using CO2 for control of stored product insects has
 
been recognized for many years. In Australia, a dosage of
 
0.72 kg CO2 per tonne of grain in an airtight silo was said in
 
1917 to be the "most effective" fumigant then available (25),
 
when compared with CS and HCN. Later (1921) (26), a rate
 
equivalent to 1.4 kg/ onne was recommended for maize ingalvanized
 
Iron tanks. Despite these early uses, CO was either superseded
 
by other fumigants or never became generafly used.
 

Since then a number of trials have been carried out to
 
develop the use of CO for insect control in stored products.
 
Oosthuizen and Schmid (27) in 1942 tested the use of CO2
 
against qallosobruchs chinensis in old and new galvanized tanks
 
of 1.2 m capacity. Carbon dioxide was introduced into the base
 
of the tank filled with cowpeas, with 0.55-0.70 kg of CO2 giving
 
an atmosphere of about 70% (by extrapolation of observed concentra
tion decay with time, no initial reading taken) in the new bins.
 
The CO levels In the new bins decayed slowly, averaging 41%, In
 
one cage, after 14 days. The old bins leaked badly and the
 
effectiveness of the treatment was low.
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Mansour in 1955 (28) treated 180 tonnes of wheat In a
 
bin (capacity 240 m3 ) with the quantity of dry ice, 160 kg or
 
0.89 kg/tonne, calculated to give 100% CO2 by displacement in the
 
full bin at a porosity of 30% and an apparent CO2 density of
 
2 kg/m 3 . The CO level achieved was not given but when the cell
 
was outloaded afer 25 days the cell 
was the 90% mortality of the
 
weevils present at a temperature of 11-150C.
 

Le Du (29) stored IItonnes of wheat of 16% m.c. under
 
CO in
a small metal bin for two years. Carbon dioxide was added
 
au~omatically from cylinders to keep internal pressure exess
an 

of 250 Pa. Actual usage rates were not given. The experiment
 
was designed for quality preservation not Insect control out it
 
is relevant to note it here as the system could have been used
 
for the latter purpose.
 

Jay et al. (30) purged a silo bin of 2262 m3 capacity

containing 2203 m3 (',490 tonnes) of undercorticated groundnuts

with 1.49, 1.54 and 1.50 tonnes CO2 in three separate trials.
 
The gas was admitted into the top of the bin and the purge was
 
terminated when the CO. level rose 
to about 35. Gas was circu
lated through a small blower from the bottom to the top of the
 
bin during the trials. At a solid densiTy of 1I. tonnes/m3 , the
 

3
total void space is 1810 m , equivalent to 1.17 tonnes CO at
 
35% CO? (15'C, 100 kPa). For free mixing (E-,) to 35%, the
 
theoretical requirement on this basis is 1.4 tonnes, w,,hich Is
 
close to the observed usage. Additional CO2 was put in to
 
maintain the 35% level for periods of 2, 4 and 7 days. This
 
averaged 0.34, 0.45 and 0.47 tonnes/day or about 180, 240 and 250
 
m3/day.
 

Jay and Pearman (31) treated 647 tonnes of maize in
a
 
concrete vertical cell of 1102 m3 capacity with 1.15 tonnes of
 
CO2 applied into the headspace over 8 hours. This gave an
 
atmosphere of >50% CO2 at all 
but one point, where penetrE.tion
 
was slowed by dust in the load. The atmosphere was then main
tained between 55-65% CO2 with an automatic injection system for
 
91 hours using an average maintenance rate of 425 m3 C02/day.
The theoretical requirement for 55% CO, 
is about 0.92 tonnes on
 
the basis of free mixing. There was a low level of survival of

Immature stages of Sitophilus spp. but Sitotroga cerealetla was
 
eliminated.
 

Jay et al. (32) treated loads of comb honey in 12
 
Insulated semi-trailer units, each of a size similar to a IA ISO
 
freight container (40x8x8 ft; 72.5m 3 capacity). The CO was
 
introduced through ductwork laid along the floor of the unit.
 
After purging to give CO >95%, the units were sealed. 
Carbon
 
dioxide levels were mainained automatically by a servo system

with CO2 added whenever the level dropped below 96%. For an
 
average total usage of 606 kg C02/unit, the atmosphere was
 
maintained for 10-12 hours at an average of 98.6% CO . Since
 
complete displacement of the gas with no allowance f9r the volume
 
occupied by the load would take about 100 kg C02, the process was
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clearly an inefficient one, presumably because of a high rate of
 
leakage from the unit.
 

There have been a number of trials carried out in
 
Australia recently (33) (34) In partially sealed structures with
 
carbon dioxide applied to give an Insecticidal atmosphere. Two
 
were also carried out (35) In Papua, New Guinea, in order to show
 
that the method could be used under tropical conditions. The
 
trials conducted by CSIRO are summarized InTable IV.
 

The large scale trials with wheat were carried out in
 
structures exceeding the proposed gastightness standard (2).
 
Bordertown Ill was carried out to demonstrate that a high CO2
 
level could be easily achieved in a grain storage under commer
cial conditions inAustralia. Inthis trial CO supplied by

tanker as a liquid, was vaporized and introduced through shielded
 
Inlets in the bin wall directly into the grain mass, with the
 
displaced air vented through a hatch inthe roof. A narrow and
 
discrete CO front was observed inthe grain mass during purging.

After usage of 10.4 tonnes of CO, the purge was terminated and
 
the bin sealed. The natural decay of the CO2 levels was observed.
 
As had been found elsewhere (I),the headspace concentration
 
dropped with air ingress, with the zone of low CO concentration
 
descending slowly through the bin. This tendency to 'drop out'
 
was counteracted by mixing the bin atmosphere by recirculation
 
from the base to the headspace by means of a small fan. A
 
recirculation rate of 0.084 air change/ody was almost sufficient
 
to prevent this 'drop out.'
 

The test was repeated, but using a purge of 75% CO
2
 
rather than pure CO. since the available literature (e.g. 4, 7,

8) suggests that it is unnecessary to levels higher than this In
 
order to achieve insect control. The atmosphere was recirculated
 
as previously. The average CO level decayed from 73 to 45% in
 
the 10 days before venting of he bin.
 

Inthe most recent trial, Harden, a large grain storage

shed was sealed and treated with 33 tonnes of pure CO , generated 
from tanker supplied liquid. The purge was terminateg before the
 
whole of the gas space was filled with CO? and the atmosphere was
 
then recirculated through a small externaT fan at a rate of 0.11
 
air changes/day. The CO2 level, initially ranging from 18-99%
 
CO, ranged from 37-86% after 30 hours of recirculation and 51
66 (mean 52%), after 72 hours. At termination of the trial,
 
after 20 days, the atmosphere was still at an average of 25% CO2.
 
Initially the insecticide-free wheat was substantially infested
 
but no live Insects were detected on detailed inspection :2 days
 
after termination. However a resurgence of infestation was noted
 
after 50 days in one area only where a 'hot spot' had developed

before treatment. Grain temperatures ranged from II-37*C after
 
treatment.
 

To demonstrate small scale use of CO , a small load of
 
bagged grain was treated Ina PVC enclosure wlh CO2 as dry Ice
 
(34). Because of leakage, several additions of dry ice were
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required during the 22 day exposure period in order to maintain
 

the CO2 concentration above 35%. A high mortality of the predomi
nant pest species, R. dominica, was obtained with survival
 
amongst the earlier developed stages only. Some of the parasi

toids Anisopteromalus calandrae and Choetospila elegans present
 
survived too, apparently as pupae. The grain temperature was
 

from l0-14*C.
 
A series of trials (35) has been undertaken to develop
 

the use of CO as an in-transit treatment against insects in
 
commodities i freight containers. In one experiment, the
 
Boggabrl trial, 10 freight containers selected for gastightness
 
were loaded with wheat, and treated with 20-40 kg CO2 as dry Ice 
applied directly to the grain surface. In some containers, an 
additional charge of 30 kg CO was added in an insulateJ box 
giving a controlled release oT 3 kg CO,/day. Caged mixed age 
cultures of S. oryzae were added as te"t insects to two con
tainers. The container with the box maintained levels between 
50-72% CO over 16 days at 23'C. This qave complete mortality of 
the test insects. In the other, the CO lev-: fell from a 
maximum of 89% to 26% CO, at 10 days ar. a lov, level of survival 
of some early stages wasZ bservej (ovrall mortal ity >96%). A 
light natural infestation of T. casvaecaa was eliminated in both 
cases. Ina further trial (36) bagged .,heat in an ISO general
 
purpose freight container with 30 kg of dry ice with 30 kg
 
additionally in an insulated box was exporTed to West Germany
 
after an II day holding period in Austra!ia. During the holding
 
period the CO2 level remainea at about 45', and was still 7.5%
 
after the 6 week sea voyage. At outTurn, the added test insects
 
(all stages of S. o2,yzae, 36,000 insects in total) were all dead.
 
A very light infestation of R. dominica present on stuffing was
 
not detected at outturn.
 

Under static, tropical conditions in Rabaul, New
 
Britain, a load of bagged copra in a container (35), ielected to
 
meet a gastightness standard, was treated with 75 kg Luv2 added
 
Into the headspace through the ventilators from cylinders. The
 
initial CO2 level of 74% fell to 45% after 6 days. After 9 days
 
the exposure was terminated. There was no survival found in the
 
heavy Infestation of Iecrobia rufipes and Oryzaephilus mercator
 
originally present, either at outturn or upon incubation of the
 
sievings taken during the Inspection.
 

CO has also been used (35) to treat cocoa beans in a
 
LASH barge a Rabaul. 2
CO2as added to the headspace of the
 
barge from cylinders, over about 30 hours. The rate was limited
 
by freezing of lines or cylinder contents. The increase in CO2
 
concentration in the barge closely followed the trend expected
 

from free mixing. The CO2 level fell from a maximum of 53% to
 
28% at 9 1/2 days. The barge was then aired and shipped to the
 
west coast of the U.S.A. No live specimens of the added test
 
Insects, largely Triboliwn castanewn and Orygaephilus mercator,
 
were found at outturn but, on Incubation, a small number of
 
T. castanem were detected.
 

210
 



The general usage rates and calculated purging efficien

cies are given for the CSIRO trials In Table V. The efficiencies
 
do not include allowances for sorption which may be substantial
 
(37). The insect mortalities for those CO trials In which
 
detailed observations were made are summarized in Table V;
 

GENERAL OBSERVATIONS: From the field trials reviewed above it is
 
clear that It Is possible to generate and maintain an insecticidal
 
concentration of oxygen or carbon dioxide under a variety of
 
field conditions. Nitrogen purging efficiencies were high. In
 
CSIRO trials they exceeded 70%, (Table I), giving a usage of not
 
more than 40% more than expected theoretically. For CO2, those
 
enclosures purged from below gave efficiencies of greater than
 
70% on the basis of direct displacement. Where a calculation
 
based on free mixing was appropriate, as in addition of CO into
 
the top of an enclosure, efficiencies ranged from 60-93; (Table
 
IV). With CO2 , maintenance was often unnecessary as the natural
 
leakage was sufficiently restricted by a feasible standard of
 
sealing to give an adequate time of retention of high CO2 levels
 
for insect control. As this standard of sealing the interchange
 
rate of the atmosphere with air in bulk storages was less than
 
5%, typically 2-3%. The expected requirement of maintenance gas,
 
nitrogen, CO2 or gases from propane burning, can be calculated
 
directly from this. With this information, the total gas require
ments of a particular treatment can be predicted and economic
 
comparisons can then be made with other pest control measures.
 

While efficiencies have been found to be high there is
 
scope for some improvement particularly with nitrogen. Itmay be
 
that this can be achieved by altering the purging rate, but the
 
effects of this have not been studied. In tirials so far with
 
nitrogen though widely different introduction rates have been
 
used, the range of rates of travel of the purge front has been
 
small (see Table II) and thus there is no firm evidence on the
 
effect of varying this on efficiencies.
 

The extension of modified atmosphere technology into
 
use in tropical conditions is important. Both carbon dioxide and
 
nitrogen can be produced locally and are usually more easily
 
procurable than the toxic fumigants such as methyl bromide. The
 
two trials outlined here, Rabaul I and II,were carried out under
 
conditions similar to that to be expected In commercial use. The
 

trial In the LASH barge gave a high degree of insect control.
 
The CO2 level achieved in the barge was limited by available gas
 

supplies, not by leakage. With a higher initial ;evel it Is
 
likely that total insect control would have been attained. In
 
the other trial, in a container selected for gastightness, there
 
was complete insect mortality, to our level of assessment, in a
 
shorter period than used in the barge. Presumably the Insect
 
species present were more susceptible to CO than Is T. castaneum.
 
This disinfestatlon was carried out on bagged copra, a notoriously
 
difficult commodity to disinfest by fumigation.
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TABLE V. Summary of mortality data obtained in the course of 
field trials utilizing C02 . 

Test Insect Exposure Temp. Concentration Mortality Reference
 
period *C range
 
(days) % CO2
 

Calloobruchus chinensis 14 26.7 70-41 98.8t (271
 
all stages
 

Qil)eria rellonella 0.5 25-40 96 97.8 (321
 
larvae
 

Necrobi3 ru!irvs 6 25 74-45 100 [351
 
all stages
 

Oryzaephilus -ercatc-r 9.5 30 53-28 100 [351 
all stages 

Oryzaenhilus rorcatcr 6 25 74-4! 100 [351
 
all stages
 

.hyZoperttAi dz -inica 22 11-14 25-900 97 [343
 
all stages
 

Sitothilus orvzae 16 23 50-72 100 1351
 
all stages
 

Sitohilujs orz:e 10 23 59-26 96 (353
 
all stages
 

Sitophilus ov'zie 10 31 73-47 100 1331
 

eggs, your-g larvae
 
and adults
 

31 99.2 1333
 

old larvae. puiae
 
and adults
 

Sitorhilu- or,':3e 10 73-47 


Sitophilus orvzr3 10 13.5 68-47 77 [331 
eggs, young larvae 
and adults 

(331Sitorhilus or'.ie 10 13.5 68-47 79 
old larvae, pupae
 
and adults
 

e
" [363 
all stages 

Sitophilus oryzae 11 26 80-45 100 

L'tfLUis * ? . 3.75 14-25 55-65 99.9 [311
 
immature stoges
 

Tribolium castaneum 4 18-32 35 93 1301
 
adults
 

Tribolium castaneun 9.5 30 52-38 98.6 1351
 

all stages
 

t Detailed series of results given under different conditions
 
(27).
 

* Concentration variable.
 

' With a further 4-1/2 weeks for decay from 45-8% C02.
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It will be noted that many of the modified atmosphere
 
trials reviewed here have achieved high (>95%) Insect mortality
 
of test Insects or natural Infestations but have fallen short of
 
complete Insect kill. The levels achieved under these circum
stances may be higher than that required to meet various inspec
tion standards, except when heavy infestations were present
 
before treatment. The survival of early developmental stages
 
means that infestation will not be detected if the commodity is
 
presented soon after treatment. However, if long term storage Is
 
required without risk of resurgence of Infestation, a mortality
 
of 99.5% must be regarded as a control failure, since it will not
 
take many generations of the pests before they again become
 
noticeable and possibly damaging. The laboratory data available
 
have given an over-optimistic view of the speed of action of
 
modified atmospheres, particularly at lower CO2 concentrations
 
(e.g. 35%). A 7-day exposure at 35% CO2 has been suggested for
 
practical use (I),but with tropical conditions and under some
what higher levels, as In the Rabaul I trial, some survival has
 
been noted. It appears from the limited data in Table V that an
 
initial level exceeding 70% and an exposure +ime of 10 days under
 
high CO (>35%) is an appropriate dosage regime for CO2 for
 
complete Insect control at temperatures >20'C. This can clearly
 
be modified if susceptible species only are present, e.g.
 
Galleria melloneZla. The limits of use at lower temperatures
 
have not been determined but substantially larger exposures may
 
be required.
 

OUTLOOK: The development of nitrogen and CO2 -generated controlled
 
atmospheres is now at a stage where they are ready for commercial
 
evaluation for disinfestation and storage of durable products.
 
There are several remaining problems. On the scientific side
 
much more data Is needed on the response of stored product
 
Insects to differing atmospheric compositions and particularly on
 
the effect of a varying concentration. The effectiveness of
 
modified atmospheres at temperatures below 20'C is inadequately
 
researched. Evaluation is required on the effect of a decaying
 
concentration of CO2 as would be observed in a partially sealed
 
structure with an initial charge of gas which received no mainte
nance doses.
 

Despite these Inadequacies In our basic knowledge,
 
field trials have been sufficiently successful to show that the
 
general technique has a wide range of possible application now.
 
The problems in application are technical and economic. The
 
provision of a suitably gastight system to give gas usages which
 
are competitive in cost with other pest control methods, is a
 
major problem. In Australia there are now techniques available
 
for sealing of all our major types of grain storage. Clearly
 
such sealing must be done at an acceptable cost. Various sealing
 
systems are being investigated at present, but in welded steel
 
structures, sealing costs will be one of the major components of
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the overall cost of the method. Many general purpose dry contain
ers can be made adequately gastight with minimal effort and are
 
thus suitable for use with modified atmospheres for Insect
 
control.
 

One important pest control system in widespread use,
 
fumigation in stacks under gasproof sheets, has not yet been
 
directly tested to determine whether modified atmosphere storage
 
Is economically possible in It. However, ethylene oxide is often
 
added with CO 
to commodities under sheets for fumigation. The
 
high rate of &02 loss observed under such conditions (38) shows
 
that some modification of the technique will be required before
 
efficient CO use will be possible in such circumstances.
 

Despite these current limitations, there are many
 
advantages of modified atmosphere storage. These include absence
 
of chemical residues from the treatment, absence of effects on
 
germination and many other parameters important in the quality of
 
different commodities and decreased hazard of leakage into
 
workspace of toxic material. These advantages, together with
 
cost competitiveness against many existing practices, ensure that
 
modified atmospheres will be used on a routine basis as a method
 
of Insect control in stored products in the future.
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APPENDIX I.
 

Formulae used:
 

Efficiency of purging for displacement of gas (E1)
 

E c nVB+VHSI
 

Efficiency of purging assuming free mixing throughout the
 

storage atmosphere (E2)
 

(nVB + VHS) ln (1 - c-100 
VG
 

100
or 1 f nVB + VHS Iln (21) 
VG (C0 )
 

Efficiency of purging assuming complete displacement in the
 

loadspace with free mixing in the headspace of the storage
 

(E3 )
 

(21)
nVB + VHS ln 

= I 

E O10 fH (Co-

VG
 

C0 = Concentration of oxygen at termination (%). 

Cc = Concentration of C02 at termination (%) 

n = Commodity porosity. 

= Volume of stored commodity (loadspace).
VB 


VHS = Volume of headspace.
 

VG = Volume of purge gas added.
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CURRENT STATUS OF IRRADIATION FOR USE IN INSECT CONTROL
 

E.W. TILTON
 
Stored-Product Insects Research and Development Laboratory

Agricultural Research, Sci. and Educ. Admin., USDA.
 

Savannah, GA. 31403 U.S.A.
 

At the 1974 meeting of this group I reported that the reasons
 
why ionizing radiation had not been adopted generally for control
 
of stored-product insects appeared to be wholly economic (1).
 
Although some engineering studies had indicated that on a per ton
 
basis radiation disinfestation had a favorable cost relationship
 
to fumigation, these studies were based on the assumption that all
 
the product handled by a facility would be treated and that the
 
product would be continuously and uniformly available for treatment.
 
!n fact, neither of these assumptions iscorrect. Fumigation of
 
commodities isusually done only when necessary, and the amount of
 
most products that move through collection or shipping points
 
fluctuates greatly. Inaddition, the initial cost of an irradiator
 
ishigh, which means that most of the cost for several years of
 
disinfestation would have to be paid at the beginning of the
 
operation.


Even if these cost factors could be overcome, there would be
 
(and has been) considerable delay inthe !egal acceptance of food
 
irradiation. The national health anencies inmany couitries have
 
ruled that irradiation constituter a food additive and therefore
 
is subject to evaluation by long-term animal feeding studies.
 
Further, radiation isconsidered a different additive to each food,
 
so proven safety with wheat, for example, does not -ive automatic
 
clearance to any other cereal grain or even to processed wheat
 
products. This istrue even though very low levels of radiation
 
are necessary for the insect disinfestation compared with the
 
levels needed for bacterial pasteurization of seafood or chicken
 
(200 krad and up) and the much higher doses (inthe Mrad range)
 
necessary for complete microbial sterilization of beef arid other
 
meats. Just how time consuming and expensive a procedure is
 
involved is shown by the U. S. Army's program of wholesomeness
 
tes+ing of radappertized beef: it has required 5 years and $5
 
mil!'on (2).
 

In an attempt to satisfy the extensive testing now required
 
by health authorities and to stay within national budget limit
ations, 23 countries joined with the Joint FAO/IAEA Division of
 
Atomic Energy in Food and Agriculture inthe International Progz-am
 
inthe Field of Food Irradiation (IFIP). The group has its head
quarters at the Federal Research Center for Nutrition, Karlsruhe,
 
Federal Republic of Germany. IFIP has conducted extensive tests
 
of several foodstuffs for wholesomeness for human consumption.
 
Largely as a result of the data produced, the Joint FAO/IAEA/WHO
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Expert Committee at Its meeting In 1976 recommended clearances on
 
several foodstuffs (3). The stored products that have been cleared
 
for Insect disInfestation are listed In Table 1.
 

Table 1. 	World Health Organization (FAO/IAEA/WHO Expert Committee)
 
clearances for Insect disinfestation.
 

Type and source
 

of radiation Dose Date of 
Product 

60 137 10 mev max. (krad) approval 

electrons
 

Papaya 	 x x X 50-100 7 September
 

1976
 
Wheat and ground
 

wheat products* x x x 75 max 12 April 1969
 

Wheat and 	ground
 

wheat products** x x x 15-100 7 September
 
1976
 

Rice*** x x x 10-100 7 September
 
1976
 

* Temporary acceptance. 

** Unlimited clearance (unconditional acceptance: WHO). 

*** Provisional. 

Also, the Codex Committee on Food Additives of the Codex
 
Allmentarlus Commission, which had included the irradiation process
 
within Its terms of reference in 1969, adopted, at its 1977 meeting
 
a Draft Standard on Irradiated Food and a Code of Practice for the
 
Operation of Radialion Facilities Used in the Treatment of Foods.
 
The Joint FAO/IAEA/WHO Expert Committee submitted these drafts to
 
the Codex Commission at Step 5 of the Codex Procedure. The Codex
 
Alimentarius Commission meeting in Rome, Italy, 17-18 April, 1978,
 
de.:ided to advance the Draft Standard and the Code of Practices
 
from Step 5 to Step 6. This enabled the Codex Secretariat to sub
mit the Standard and the Code of Practice to all 116 member coun
tries of the Codex for comments and to plan to evaluate these com
ments at the next session of the Codex Committee on Food Additives
 
(October, 1978) with a view to elevating the proposals to the next
 
step In the Codex Procedure (4). This is probably one of the most
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Important advances made in food irradiation In several years.
 
However, at the present time, IFIP is scheduled for termination
 

in 1980. Unless there is a fundamental change in the evaluation
 
of wholesomeness of irradiated foods by that time, the participat
ing countries may lose interest (2).
 

Finally, active research programs on stored-product disinfest
ation are underway in a number of countries and at a number of in
stitutions in some countries. There are also several internation
al programs having to do with food irradiation, some of which in
clude research on stored-product disinfestation. In addition, the
 
Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture
 
oversees several coordinated research programs on various phases
 
of food irradiation. Some of these programs deal specifically with
 
stored-product disinfestation, and most of ther involve one or more
 
of the cereal grains and pulses. However, some programs involve
 
disinfestation of products such as dried fish in the Philippines,
 
Indonesia, and Eancladesh (5); dried dates in Iraq; cocoa beans in
 
The Netherlands and Ghana; and coffee beans in Brazil (6).
 

It is thus easy to think and Lay that the reason for the cur
rent lack of practical use of radiation in food 'rocessing is the
 
difficully in obtaining clearances from health acencies and the
 
nonuniformity of regulatiens between countries, but this is only
 
part of the difficulty. For example, in +he U.S.S.R. irradiation
 
of grain at 30 krad has been permitted since 1959, and irradiation
 
of dried fruits at 00 krad and dried food concentrates at 70 krad
 
has been permitted since 1966. In the U.S.A., regulations have
 
permitted irradiation of wheat and wheat flour since 1963. Canada
 
has permitted irradiation of wheat and whole wheat flour at 75
 
krad since 1969, and Bulgaria has permitted irai irradiation at
 
30 krad and irradiation of dry food concentrates and dried fruits
 
at 100 krad since 1972 (3). Nevertheless, no large-scale use has
 
been made of the process. The primary reason why radiation is not
 
being used is therefore still economic.
 

It is because of the importance of economic considerations to
 
the acceptance of radiation in food processing that recent develop
ments in the cost and operation of accelerators are so noteworthy.
 
One firm in the U.S.A. now claims to be able to provide an electron
 
accelerator that will treat grain with a dose in the 50 krad range
 
for about $0.118 to $0.20 U.S.dollars/metric tonne. This figure
 
is predicated on a flow rate of about 400 metric tonnes/hour; with
 
an increased flow rate, the cost per unit treated would decrease (7).
 

At least two electron accelerators for grain irradiation are
 
being built or are in the process of being built. Th3 Instituto
 
de Fisica. Univerisidad Hacional Antonoma de Mexico and The Programa
 
de Techn,..ogia, Instituto Hacional de Energia Nuclear are jointly
 
building an irradiator for maize irradiation. This facility will
 
make use of a rebuilt Dynamitron (R  accelerator. Maize will move
 
through tne radiation field in an airstream. This unit, while not
 
of a commercial size, will treat sufficient maize so consumer ac
ceptance data can be evaluated and will provide reliable cost
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estimates (8). Also, there are plans to build an electron Ir
radiator for grain irradiation at the Port of Odessa, U.S.S.R. (9).
 

Several additional factors may interact to give added Impetus
 
to the adoption of ionizing radiation disinfestation of, grain and
 
other stored products. For example, the increasing problem of
 
insecticide resistance, the problem of chemical contaminants, and
 
the difficulty of fumigation at export may all contribute.
 
However, the increasing demand by buyers for insect-free products
 
probably will be the major reason for adopting such new and more
 
effective insect control methods. This demand Is certain to be
 
increased with the new generation of insect detection devices that
 
are about to be marketed.
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THE-POTENTIAL OF FLUIDIZED-BED TECHNIQUES IN INSECT CONTROL
 

D. E. EVANS and T. DERMOTT
 
CSIRO Division of Entomology, Canberra, A.C.T.
 

CSIRO Division of Mechanical Engineering, Highett, Victoria
 

INTRODUCTION: InAustralia, the growing resistance of stored
 
grain Insects to Insecticides and Increased social pressures

against the use of potentially hazardous chemical treatments have
 
led to increased interest inthe developnent of physical methods
 
of pest control. One of the physical methods being investigated

isthe use of high temperatures, which is regarded as a potential

alternative to fumigation with, for example, methyl bromide.
 

Recent work (I to 8) on the use of elevated temperatures
 
to disinfest grain and cereal products has been 
largely concerned
 
with infra-red, microwave, and dielectric heating. These studies
 
have Investigated the effectiveness of rapid heating followed by

passive cooling, typically over several hours. Disinfestation
 
processes that depend on the retention of heat for long periods

have little potential inAustralia where a continuous flow In-line
 
system capable of matching shipping rates approaching 2000 tonnes
 
-1
h isconsidered essential. Further requirements of a disinfes

tation process are that all developmental stages of the major

pests must be killed, grain moisture content must not be apprecia
bly changed, grain quality must not be affected and the method
 
mustbe economically competitive and compatible wIth workino condI
tions ina grain handling terminal. These criteria are likely to
 
be met only in a process that exposes individual grains to the
 
same temperature:tlme regimre. Hot-air heating in a fluidized-bed
 
appears to be a means of meeting the desired criteria because
 
fluldized-bed heating offers high rates of heat transfer with
 
accurate temperature control and has the potential for scale-up
 
to high throughputs with relatively few engineering problems.
 

EXPERIMENTS WITH A BATCH-HEATING SYSTEM: A 340 mm diameter fluid
ized-bed capable of heating 10 kg of wheat was constructed
 
(Figure 1)and batches of wheat infested with the Immature stages

of Sitophilus oryzae, Rhyxopertha dominica, and Sitotroga

cerealelta were subjected to a range of heat treatments (9). To
 
assess insect mortality, samples of 500 g wheat were drawn off
 
the bed at predete.,nined times and then cooled rapidly In a small
 
fluidized-bed. Temperatures In the heating and cooling beds were 
measured continuously. Constant air temperatures of 60, 70, or 
800 were used with an air-flow of 14.5 1 kg-1 s-1 at 1.6 m s-1. 
The samples were incubated for 6 weeks after treatment and the 
numbers of Fl adults that emerged compared with the numbers emerg
ing from un-heated but fluidized control samples. Drying curves
 
were established ina similar manner for Olympld wheat of 11.5% m.c.
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Figure 1. Fluidized-bed heating system
 

exposed to 60, 70, or 80'C air for up to 30 min. High and
 
low protein wheats were checked for heat sensitivity using air
 
inlet temperatures of 60 to 1000C and exposures of up to 30 min
 
followed by dough characteristic arid baking tests.
 

A typical heating and cooling curve Is shown In Figure 2
 
for wheat exposed to 80'C air for 3 min 40 sec with an air flow
 

-
 -
of 14.5 i kg 1 sec-1 at 1.6 m s 1. The heating and cooling curves
 
were readily described by a perfect mixing model (9).
 

Exposures of 12, 6, and 4 min respectively to air at 60,
 
70, and 800C produced grain surface temperatures of 59, 62, and
 
65C respectively and gave complete disinfestation. The heat
 
tolerance of R. dorninica was greater than that of the other species.
 
Additional experiments showed that these treatments gave complete
 
kills of the adults of all three species.
 

Drying curves for Olympic wheat of 11.5% m.c. exposed to
 
air of 60 to 800C for up to 30 min are shown in Figure 3. The
 
reduction In moisture content of wheat heated at 600C for 12 min,
 
at 700C for 6 min and at 801C for 4 min was respectively 0.8, 0.6,
 
and 0.6%.
 

Baking and dough characteristic tests on flour milled
 
from heated and unheated wheat showed that heating with 800C air
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for up to 30 min did not adversely affect baking quality whereas
 
heating with 1000C air for longer than 5 min did. 
 At 900, heat-
Ing for 15 min did not significantly alter baking quality although

Extensograph and Viscograph data Indicated some heat damage (9).


Itwas concluded that fluidized-bed heating gave good
kills of insect Infestations In relatively short periods of time

without significantly affecting grain moisture content or baking

quality.
 

The two main components of operating cost are the energy

needed to heat the wheat and the power required for fluidization.
 
Assuming that a 4 min exposure to 800C Is required for complete

disinfestation ina continuous-flow system with recirculation, 90%

thermal efficiency, and no heat recovery from the grain, the energy

required to raise one tonne of wheat from 25 to 650C would be 69 MJ.
The power required to supply fluidizing air at 14.5 1 kg-1 1 at
s
5 kPa with typical fin and motor efficiencies would be 8 kWh tonne -1
 .
On present prices inVictoria, the cost of the heating cycle would
 
be about 34c tonne-1
 . Cooling would be required and, when aided

by water Injection evaporation would cost, say, lOc tonne-1to give

a total of about 44 c tonne-1
 . This compares favourably with a labour
+ materials cost of about 40c tonne -1 
for a 24 h recirculated fumigation with methyl bromide at 24 g m-3 In 2000 tonne vertical cells.
 

MORTALITY:DOSAGE RELATIONSHIPS: 
 An understanding of the relation
ship between Insect mortality and the two dosage variables, tem
perature and time, would clearly be useful 
inplanning heating

strategies and indesigning disinfestatlon equipment. Dermott and

Evans (9)showed that for a given level of mortality, the LT99.9
 
for Instance, the relationship between exposure time and air temperature was described by a hyperbola i.e. T (t-c) = K where T and
 
t represent exposure time and air temperature respectively and c
 
and K are constants (Figure 4).


To examine further the mortality-heat dosage relation
ship, a small-scale fluidized-bed has been built which can 
fluidize
 
up to 2 kg wheat and can be switched Instantaneously from heating

to cooling. Experiments have been designed to examine the rela
tionships at two rates of heating achieved by varying the load of

grain rather than the airflow. Results with I kg loads fluidized
 
In air of 60-80°C confirm previous findings. Experiments with

0.5 kg loads have not been completed but have given gratifying

results in that treatment times have been greatly reduced. 
 Thus,

the respective LT99.9s for R. dominica Immatures exposed to 800C

air in loads of I kg and 500 g were 2.98 and 1.70 min. 
 Iffinal

results with 0.5 kg loads follow the same trend as those with I kg

loads, 
Itwill be clear that, for a given rate of heating a simple
hyperbolic relationship exists between exposure time and air tem
perature. Thermal summations can then be used to consider the

relative merits of different temperature-time regimes during

fluidization and of heat soaking - I.e. leaving the grain at the
 
same temperature for a period before cooling.
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Figure 4. The relationship between insect mortality (LT99) and
 
air inlet temperature
 

The small scale apparatus Isalso being used to explore
 
some of the biological and physical variables that may affect heat
tolerance. Previous acclimation, population age-structure and
 
between population differences in heat-tolerance could perhaps
 
have some effect on heat-tolerance and hence the temperature-time
 
regimes to be recommended for use by the grain Industry. The
 
initial temperature and moisture content of the grain may also
 
alter apparent tolerances.
 

Although current experiments are based on R. dominica,
 
the most heat tolerant of the primary pests, additional work Is
 
being done to ensure that regimes recommended for Rhyzopertha will
 
deal also with other pests such as Cryptole.ntes, 02jzaephilus, and
 
Tribolium. Results to date Indicate that these pests, as isto be
 
expected from their biology, are easier to kill than Rhyzopertha.
 

EXPERIMENTS WITH A CONTINUOUS-FLOW SYSTFH: A pilot plant with a
 
design capacity of I tonne/h-1 has been constructed (Figure 5) to
 
demonstrate that thermal dlslnfestation can be carried out In a
 
continuous-flow system. The heating chamber has an area of 200 x
 
800 mm and up to seven vertical baffles can be instal led. The
 
cooling chamber is 100 x 200 mm Inarea and Is fitted with water
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FIGURE 5: Flow chart for experimental continuous flow fluidized
bed heating plant
 

sprays for evaporative cooling. Air-Inlet temperature, air and
 
grain flow rates and bed-depth can be varied to change the heat
 
dosage applied. Heat is provided by a natural gas burner on the
 
air Inlet and air inlet temperature is regulated by a modulating

controller on the gas line.
 

Preliminary experiments uslng overall (both heatlng and
 
cooli,.b) mn and an air inlet temmean residence times of 4 and 5 

perature of 80C have given good kills (up to 99.6%) of immature
 
R. dminia. Mortality should be increased as the variance about 
mean residence time isreduced by changed baffle configuration. 

CONCLUSIONS: Itappears that wheat can be rapidly disinfested in
 
both batch- and continuous-flow fluidized-bed heating systems.
 
The moisture content of the grain is little changed by the heating
 
process and any loss can in
be restored a continuous flow system
 
by evaporative cooling. There appears to be 9madequate safety
 
margin between the heat dose that wIll kll the pests within the
 
grain and the dose that will cause detectable deterioration of
 
baking properties. Cost estimates based on batchheating suggest
 
that fluidzed-bed heating will be cost cospetitive with chemical
 
fumigation. It isexpected that, Inpractice, a continuous flow
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disinfestation unit will give higher rates of heating than batch
 
systems since, under steady-state conditions, the wheat will be
 
added to a bed of wheat with a considerable thermal capacity.
 
Thus shorter exposure times could be expected to be effective with
 
a continuous flow process than with batch heating. Our running
 
cost estimates may be somewhat pessimistic and this reinforces our
 
conclusion regarding the likely competitiveness of continuous flow
 
high temperature disinfestation.
 

The procedure uses existing technology which the Aus
tralian grain industry is capable of operating: equipment is
 
currently commercially available in Europe that would suit the
 
needs of food packers wishing to disinfest relatively small quan
tities of cereals and legumes. Fluidized-bed heating systems can
 
utilize any suitable energy source and can be made inherently safe
 
by fluidizing with recirculated inert combustion gases.
 

The use of fluidized-beds has ancillary potential in
 
that aspiration allows dust removal and evaporative cooling per
mits the moisture content of the grain to be increased if so
 
desired. Such procedures could be used to give a clean, safe and
 
uniform product.
 

The procedures developed for a fluldized-bed heater
 
could be modified for application to other heat transfer systems,
 
such as a rotating drum or pneumatic conveyor. Alternative sys
tems should ensure that, as with a fluidized-bed, all the
 
particles receive a minimum heat dosage sufficient to give disin
festation.
 

Fluidized-bed technology is available to developing
 
countries, but its implementation In rural areas may rresent In
surmountable problems. Economical implementation of fluldized-bed
 
disinfestation requires plentiful supplies of electrical energy or
 
oil; both of these are relatively low cost in Australia but are
 
usually at a premium in developing countries. Furthermore, the
 
fine control and high throughputs required in the export oriented
 
Australian grain industry may not be justified inconsumer coun
tries. Alternative systems using low level technology with manual
 
control and perhaps utilizing animal or human power could be
 
attractive in many rural economies.
 

Heat could be supplied by burning crop residues or from
 
simple solar collectors. Mixing the grain to ensure uniform heat
 
dosage could take place In locally manufactured drums rotated by
 
a small petrol engine, or say animal or human power. In this way
 
batches of 50 to 100 kg could be disinfested quite rapidly. In
strumentation and control could be as simple as maintaining an air
 
Inlet temperature between the melting points of two waxes. Air
 
flow could be supplied by a bellows or chimney. Obviously a low
 
air pressure drop system would be preferable for very simple
 
systems.
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Although completely different systems to those In
 
Australia would have to be developed to meet the needs of develop
ing countries, these systems could be designed by Interpretation

of the data presented Inthis paper.
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INTRODUCTION: Historically, the detection of hidden Insects In
 
stored products has been accomplished by using a wide variety of
 
methodologies such as chemical, flotation, aural, and, 
as a last
 
resort, visual counts of penetration or emergence holes. As the
 
world demand for food increases, the need to detect hidden insects
 
accurately, quickly, and with a high degree of sensitivity

becomes more urgent. The challenge will be met successfully only

by reevaluating old methods and by incorporating new technologies
 
into usable systems.
 

Electromagnetic energy, in the broad sense, appears

capable of providing us with a variety of sophisticated methods
 
or technologies for immediate use 
and also for future considera
tion (I). Recent developments in infrared CO2 analysis have
 
already provided regulatory agencies and privrte industry with a
 
powerful tool for detecting insects and are thereby aiding us in
 
our efforts to protect both the quality and quantity of our food,

fe6d, seed, and fiber throughout the mark~ting channel.
 

Further developments inthe areas of closed loop CO2
sampling. IRCO2 pyroelectric detectors, and large volume sam
pling (e.g. grain silo) could also be significatt. Techniques

that may be applicable and appear to offer grea: potential

Include thermal measurement, thermal imaging, and the pyroelectrlc

vidlcon. Photo-electron spectroscopy, nuclear magnetic resonance
 
(NMR) imaging, far Infrared imaging, and photoacoustic spectro
scopy should be investigated and considered.
 

It isthe intention of the authors to discuss the
 
merits and/or potential of each of the aforementioned techniques
 
as they relate to the detection of hidden insects. Also, a brief
 
overview of detection methodologies is presented.
 

DETECTION TECHNIQUES: Detection techniques may be arbitrarily

divided Into two broad categories, active and passive. Active
 
techniques involve the inpWi of either external physical energy
 
or a chemical reagent and require that the insects modify or
 
otherwise react with the input to produce either meaningful

visual Information (a film image or colorimetric change inan
 
indicator material) or an electronically measurable change

(resistance, complex impedance, or proton spin). However, active
 
techniques such as x-rays or chemical reagents, although generally

reliable, could create personnel hazards, cause environmental
 
pollution, or alter or destroy the sample. Passive techniques,
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on the other hand, simply monitor the presence of some type of
 
"signal" produced by the Insects; they do not Introduce external
 
physical energy or chemical Inputs, but Instead rely solely on
 
the detection of outputs generated by the insect (e.g. IRenergy
 
given off by the insects, sounds produced by feeding, or vapor or
 
gas produced by metabolism or respiration).
 

For these reasons, passive detection Is more desirable
 
than active detection, and efforts to develop methods using
 
Insect-produced data are continuing.
 

Present
 

X-ray - X-rays, though not a passive technique, certain
ly qualify as electromagnetic radiation. The method is included
 
here primarily because it once enjoyed rather wide acceptance and
 
because the Instrumentation Is both current and readily available.
 

The Hewlett-Packard Faxitron(P) x-ray unit will 
serve
 
as a model. These units are especially suitable for observation
 
of seeds, grains, and other small objects and are self-contained,
 
radiation-shielded systems designed to give high resolution
 
radiographs. In addition, they are simple to operate and are
 
convenient and generally hazard-free. The simplicity of operation
 
has been enhanced by the inclusion of an automatic exposure
 
control and by making available various types of film such as
 
self processing (Polaroid(R)) and cassettes. However, to achieve
 
the necessary detail required for radiographs that permit critical
 
inspection for insects, extra fine grain films are essential (2).

This necessitates more complex and time-consuming film developing
 
and processing. However, regardless of the time involved in
 
obtaining an acceptable radiograph, it is the interpretation of
 
that radiograph which makes the x-ray tecunrique so difficult to
 
use for routine, rapid inspections. In fact, the interpretation
 
of radiographs is so difficult and time consuming that the United
 
States Department of Agriculture's Federal Grain Inspection
 
Service no longer uses this technique in inspection operations.
 
Moreover, even with correct interpretation, there is little or no
 
Information as to whether the Infestation is live.
 

Radiography, however, should not be ruled entirely out
 
as a viable procedure. The recent announcement of the Lixiscope
 
(low Intensity x-ray Imaging scope) developed in the U.S. at
 
NASA's Goddard Space Flight Center reflects the rapid changes in
 
the technology. This ;nstrument is a small hand-hold unit
 
powered by a penlight balery. It uses a 10-20 millicurie
 
radiation source and a >igh vacuum night vision image Intensifier
 
tube that enhances ligh. Intensity 40,000-fold. Fiber optics are
 
used to carry the visible image to a viewing plate. Nevertheless
 
the problem of image interpretation remains.
 

Acoustic Inspection - Brief mention should be made of
 
acoustical technology because the equipment isextremely sophisti
cated and readily'available. Th6 baslc objections to the use of
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this technology for inspection stated by Street (3) are still
 
valid for most applications: quiescent stages cannot be detected,
 
and neither can eggs; great difficulties arise in the case of
 
commodities such as flour; and background noise becomes a limit-

Ing factor In the case of large masses of grain because of
 
settling. However, with smaller quantities of grain such as
 
those used in routine inspection, settling should not be a
 
problem, and the feeding stages could undoubtedly be detected.
 
Instrumentation for this specific application is available as a
 
cormercial unit from SASAD Mg. Tsz., Budapest, Hungary, the so
called lnsectofon( R ). We have not seen this device as yet but
 
eagerly await opportunity to test its effectiveness.
 

Acoustic microscopy is another new approach that bears
 
close watching for possible application to insect detection.
 
This technique involves the use of very hign frequency ultrasound
 
(ca. 100 mHz) in a scanning laser acoustic microscope. Such
 
sound has different velocities in tissues of different densities,
 
so insect tissue might be differertiated from plant tissue.
 

IR002 analyisis,- The differential infrared (IR)C02
 
analyzer with intermittent airflow under slight negative pressure
 
(4, 5) is a promising method of detecting hidden infestations of
 
insects. Prior to the development of this system, our attempts
 
to use insect-produced 002 as an indicator of insect presence
 
have been complicated by I)the C02 in the air, which comprises
 
about 300 ppm, and 2) by the fact that an insect produces so
 
little C02 per unit time. Currently two commercial prototypes
 
based on our original concept are being tested. Technicon
 
Instruments, Inc., of the United States and Horiba Instruments,
 
Inc., of Japan have both produced instruments (both systems use
 
Horlba IRC0 2 analyzers) for use in routine grain inspections.
 
The Technicon system simultaneously processes 3 samples, which
 
makes the system larger and more stationary. The Horiba system
 
ismuch smaller and processes only one sample at a time, but it
 
Is very portable.
 

Currently, several new approaches to the use of C02 for
 
detection are being developed for both specific and general
 
applications. A "closed loop" concept being studied would
 
ellmina te the problem of system air contamination and make more
 
efficient use of the C02 analyzer which is designed to use
 
continuous airflow. As a result of the continuous recirculatlon
 
of air, the insect-produced C02 steadily Increases the concentra
tion of C02 within the sealed system. Insect presence Is noted
 
by a positive change in slope on a strip chart recorder, or by a
 
rising meter reading.
 

It is proposed that the C02 detection be used in
 
continuous surveillance of large grain bin storage facilities.
 
Also a microcomputer-controlled sampling routine Is being studied
 
In which probes are dispersed it Intervals throughout the grain
 
mass. Computer comparisons will be made of the current C02
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concentration at each probe site with respect to the previous
 
concentration and the total CO2 profile of the steerage facility.
 

Finally, the Lawrence Livermore Laboratories of the
 
U.S. propose to continue development of their miniaturized
 
atmospheric carbon dioxide detector system (MACDS). Their system
 
is a CO2 detector with extreme sensitivity, yet the entire
 
package Including optics and electronics can be held virtually In
 
the palm of your hand.
 

Future
 

At this juncture It seems appropriate to provide some
 
background Into Infrared radiation detectici of hidden insects
 
because many new and exciting possibilitfes now exist and the
 
field is generally unfamiliar to stored-pi duct entomologists.


All physical bodies that have a temper&ture greater
 
than absolute zero have an infrared radiation spectrum referred
 
to as a black body curve. The particular wavelength location of
 
this curve Is a function of the body's absolute temperature.
 
Since living metabolizing tissue (e.g., an insect) generally has
 
a higher temperature than its surrounding environment (a grain
 
kernel), the possibility exists of detecting the different
 
radiation characteristics of an infested commodity. A variety of
 
detectors is available for the detection of infrared radiation.
 

In general, IR detectors are either quantum or thermal
 
devices. Quantum devices (photon detectors) are used to detect
 
the IR radiation that results when incident radiation quanta
 
Interact with the electrons in a solid and thus excite these
 
electrons to a higher energy state. Although such detectors are
 
extremely sensitive, random thermal excitation of the electrons
 
In the solid produces the problem of electrical noise. Systems
 
utilizing these detectors must usually be cooled to reach ade
quate sensitivity and do not seem appropriate for examining foods
 
for live insects. Thermal detectors, on the other hand, function
 
by absorption of IR radiation that changes the temperature of the
 
detector material. This change in temperature may be manifested
 
as a thermal electromotive force (thermocouples and thin-film
 
thermopile detectors), a change in resistance (bolometers),
 
expansion of a gas that causes a diaphragm to move (Golay cell),
 
or a change in electrical polarization of a crystal produced by
 
changes in temperature (pyroelectric detectors). Thermal detec
tors, therefore, seem more appropriate for the assay of biological
 
material.
 

Unfortunatuely, most of the thermal detectors mentioned
 
are relatively Insensitive and are wavelength independent. In
 
addition, these devices (with the notable exception of the
 
pyroelectrics and some thin-film thermopiles) respond slowly.

However, these two apparent disadvantages are offset by the fact
 
that these Instruments can be used at room temperature so there
 
are no critical cooling requirements.
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The fast-response pyroelectric detector appears to be a
 
most advantageous alternative for IR detection. This detector is
 
a thermal sensor of electromagnetic radiation that contains a
 
permanently polarized dielectric crystal. licoming radiation
 
causes the temperature of the crystal to rise. The increased
 
temperature alters the lattice structure through expansion,
 
thereby changing the magnitude of polarization. These changes in
 
electrical polarization are sensed as an electrical current
 
directly proportional to the rate of change in the temperature of
 
the material (6). Optical scanning of ir area of interest 
results in a varying electrical signal tr,, tihe detector. This
 
signal is then used to create a televisi(.o-H;e display that is
 
actually a visible image of the infrared le of
i'>f the scanned
 
area. Either shades of gray or differenl _, lurs may be used to 
indicate areas of varying IR wavelength ard ience of varying 
thermal temperature.
 

Far infrared imaging - The use of radiation in the far
 
infrared (FIR) portion of the spectrum for purposes o' imaging
 
has only recently been demonstrated (7). If imaging objects
 
within various materials now proves to :e feasible, its potential
 
for detecting hidden insects is apparent. Previously the use of
 
this portion of the spectrum was restricted because of the lack
 
of effective radiation sources and detectors and the fact that
 
resolution is poor relative to other techniques. However,
 
developments in laser and IR detector fields have made FIR
 
Imaging possible. Because many substances have IR "windows,"
 
(i.e., areas in the spectrum where IR radiation can be trans
mitted), it Is possible to penetrate materials that cannot be
 
penetrated by other methods.
 

Photoacoustic spectroscopy - As early as 1888, inven
tors such as Bell, Tyndall, and Roentgen were well aware of the
 
scientific potential of photoacoustic spectroscopy (8, 9). This
 
unusual technique enables one to obtain spectra similar to
 
optical absorption spectra for any type of solid or semisolid
 
material whether It is crystalline, powder, amorphous gel,
 
etc. (10).
 

Briefly, the process is as follows. The sample to be
 
studied is placed In an airtight chamber equipped with a sensi
tive microphone and exposed to intermittent monochromatic light.
 
Any light absorbed by the sample is converted to heat, and the
 
resulting temperature at the surface of the sample fluctuates at
 
the frequency of the chopped light. These fluctuations create
 
pressure changes in the chamber that can be detected by the
 
microphone and converted to an electrical signal. As the wave
length of -the monochromatic light is varied, the amplitude of the
 
electricat signal varies in direct proportion to the surface
 
op-ical properties of the sample. The presence of an insect
produced con-aminant on the surface should be readily detectable.
 
Further, the use of long wavelength infrared light should permit
 
penetration of the Interior of the kernel and the detection of an
 
actual hidden insect.
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Results in our laboratory and conversations with
 
Dr. Rosencwalg (personal communication) suggest a real potential
 
for this technique in the detection of hidden insects. Currently,
 
two commercial instruments are available, but these have not been
 
tested with our specific needs in mind. The advantages of such a
 
technique to stored-product entomology would seem to lie with the
 
virtually unlimited number of wavelengths of light available and
 
the fact that effectiveness is not limited by the physical state
 
of the sample.
 

Pyroelectric vidicon - Recent advances in the field of
 
thermal imaging have given rise to a device known as the pyro
electric vidicon. This imaging detector has two unique proper
ties: I) it is capable of operating at ambient temperature and
 
2) It detects only changes in temperature, not differences. This
 
latter characteristic is considered by some to be a disadvantage,
 
since it does require that the incoming signal be chopped or that
 
the detector be scanned (I).
 

Basically the vidicon consists of a glass envelope
 
fitted with a germanium faceplate, a pyroelectric target, an
 
electron gun, and beam-shaping electrodes, as in standard vidicons.
 
When an IR image is focused on the target, the absorbed heat
 
energy creates a temperature change that causes changes in charge
 
distribution of the pyroelectric material, The resulting distri
butIon, which reproduces the thermal imaje, can be read by an
 
electron beam.
 

CONCLUSION: We should be ever mindful that technologies may
 
exist outside the realm of stored-product enomology that could
 
be most beneficial In the detection of hidden insects. For
 
example, photoelectron spectrometry is a technique that measures
 
the energies of electrons emitted by a sample that Is bombarded
 
with x-rays: commercially available spectrometers that presently
 
permit the identification and quantification of different amino
 
acids in seed samples might be adaptable to insect detection.
 
Nuclear magnetic resonance (NMR) imaging too is a recent develop
ment. It makes use of the proton spin characteristics in the
 
atomic nucleus. Although the present instrumentation is probably
 
prohibitively expensive, the field should be watched for techno
logical developments that may permit a cost breakthrough. There
 
is little doubt that techniques such as these and others not yet

discovered could be adapted to solve the specific problems of
 
hidden insect detection.
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INTRODUCTION: InEast Africa more than 
 C percent of the harvest
ed produce isstored on the farm Intraditional granaries. At the

subsistence level the staple crops are maize, millets and sorghums. Teff Is important in Ethiopia. 
 Rice and legumes often
 
form an important part of the diet. 
 Inurban areas wheat is also
 
consumed.
 

IMPROVEMENTS CN PHYSICAL PROCEDURES IN SUBSISTENCE STORAGE:

Various ashes and inert dusts - Mixing wood ash with grains was
 
previously practiced InEast Africa but is not common now.
Generally, fairly large quantities of wood ash 
are required (a

ratio higher than 1:5 of ash to grain) for adequate control. Wood

ash, cow-dung ash, and inert dusts, although claimed to provide

some control (I,2) are generally not very effective in practical

terms when compared with insecticidal dusts. Thus even at the
 
rate of 20 gm ash to 100 gm beans, Schoonhoven (3)recorded fairly
high levels of damage inthe ash treated grain, even though

significant reductions of the pests was obtained. 
The use of wood

ash and inert dusts alone are therefore unlikely to be of much
 
practical benefit but further improvements could be made when

these methods are combined with other physical storage procedures

like airtight containers or natural physical barriers discussed
 
below.
 

Natural physical barriers - Several grain types have
 some form of natural cover when they are harvested. Maize is
 
covered by a husk or sheath, beans are covered by pods, rice paddy

has a husk. Usually, only a proportion of the harvest has an
 
intact cover that will act as an effective barrier to pests. 
 The
major part of the harvest will 
not have the natural protective

cover because of weathering and varietal effects and will have to
be protected Inanother way, 
 However, by proper selection a
 
significant proportion of the harvest can 
be protected simply by

retaining Its natural cover intact. 
 De Lima (4)has shown that

approximately one-quarter of a 
maize harvest of hybrid grain has a

sufficiently intact husk cover, to provide the stored crop with
adequate protection. A trial 
to compare the effectiveness of the
 
Intact husk with an insecticidal treatment showed that (Figure I)
there was not much difference between the protection given to

maize cobs for which the Intact husk had been retained (but no

further treatment given) and the de-husked cobs which were treated

with a 2% malathion dust. These two treatments were far superior
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FIGURE 1. Comparative effectiveness of physical control provided

by an intact husk cover on maize and an insecticidal
 
dust on de-husked cobs (1975-76 trial in Bukura).
 

to the control (which was not dusted and had been de-husked).
 
Caswell (5)has shown that the intact pod provides greater protec
tion to the food beans itencloses and Breese (6)found that paddy

with sound nusk was less damaged by Rhyzoperthf crominica and 
Sitophilus oryzae.
 

Semi-hernietic storage - Semi-hermetic conditions are
 
obtained intraditional underground pits in Ethiopia. Boxall (7)
 
was able to suggesi improvements in the storage methods. He
 
compared various linings for the under-ground pits: matting and
 
straw; polyethylene sheets or sacks and concrete lining or a
 
combination ot these har-rers. These linings reduced damage due
 
to moulds by restricting and preventing the ingress of water over
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a period of 4 months and also resulted In less damage due to
 
Insects and rodents.
 

Gourds are often used as receptacles for storage of
 
beans, sorghums and millets. Insects breed well in these con
tainers and damage to the grain stored within is often severe.
 
Loss In this situation is especially important from the nutri
tional view-point because the grains stored in these containers
 
are a scarce commodity often preserved for the use of nursing
 
mothers. McFarlane (8) examined some gourds used in Kenya (empty
 
dry fruit cases of Lagenaria cineraria and related curcurbits) and
 
showed that by treating the external surface of the gourd with
 
linseed oil or varnish, the oxygen permeability was greatly
 
reduced and the container could be used as a semi-airtight recep
tacle if well-sealed at the neck.
 

IMPROVED PHYSICAL PROCEDURES IN LARGE-SCALE STORAGE: Of the
 
physical storage procedures available for practical use on a large
 
scale under tropical storage conditions, the use of controlled
 
atmospheres provides the most promising approach for improved
 
storage at low cost. Naturally induced inert atmospheres are
 
among the easiest to achieve in large air-tight structures.
 

Hermetic storage - In Kenya, seventy hermetic ("Cyprus")
 
bins were constructed to hold approximate!y 100,000 tons of grain
 
as a famine reserve (Figure 2). Over the past I0 years during
 

S.•
 

Figure 2. The "Cyprus Bins" - semi-underground hermetic 
structures. Each bin can hold approximately
 
1,500 tonnes of grain.
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which these structures have been in use, several long-term trials
 
have been conducted to test their effectiveness. The rate of
 
depletion in the oxygen level depends largely un the presence of a
 
pest population. Thus in the absence of a pest population (or Its
 
presence at very low levels) the amount of oxygen in a bin would
 
tend to remain the same for a long period of time (Table 1).
 

TABLE I. 	Storage of maize in the "Cyprus Bins" under hermetic
 
conditions.
 

Bin Length of airtight Infestation level
 
no. storage months 	 Insect/kg oxygen


live/dead
 

Kitale
 

1 33 0.1 5.6 9.25 
5 32 - 2.2 8.75 
13 32 - - 8.25 
31 21 - - 10.00 
32 21 - - 17.00 
35 21 - - 12.50 
37 21 - - 10.25 

Nakuru
 

3 34 0.2 0.3 4.75
 
4 37 - - 2.45
 
9 33 - 0.48 4.05
 
12 39 - - 3.20
 
24 38 - - 3.00
 
27 32 - - 3.20
 
28 39 - - 3.60
 

In the early management of the bins, filling and empty
ing was done with the help of pneumatic conveyors which caused a
 
fair amount of breakage as as a result the high concentrations of
 
dust and broken grain at certain points in the bins caused heat-

Ing. Subsequently chain conveyors were installed and their use
 
resulted in negligible breakage and no heating over a two year
 
trial period and in a further two years of routine use.
 

Of the 70 bins built for use In Kenya, 40 are In Kitale
 
and 30 are in Nakuru. At each site, one-third of the bins are
 
emptied and filled every year so that grain remains in each bin
 
for a maximum period of 3 years. In cases where the grain has
 
remained longer no deterioration has been observed. Several bins
 
were emptied In 1974-75 after a 3 year period of storage and
 
overall weight losses were established as 2.48%. This works out
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to approximately 0.8% per year. This overall 
loss figure Includes
 
losses due to grain destroyed by heating or mould, losses due to
 
dust extraction in the clean-up process, losses due to classifica
tion of grain as undergrade and losses due to non-estimatable
 
causes like respiration. 
 Losses due to pest damage were negligi
ble. 
 In comparison It should be noted that losses In conventional
 
large scale storage are generally in the region of 21 per annum.
 
Operational costs (including labour, fabric repairs, pest control
 
etc.) were also extremely low and over the 1972-76 period worked
 
out to approximately KA 0.3 per ton (0.6 U.S. $) fcr the 4 years
 
period.
 

Aeration and cooling - In the high altitude areas of
 
Kenya the temperature conditions are sufficiently low to permit

cooling of produce for better storage. Stirling (9) was able to
 
show that under general storage conditions of coffee, which are
 
moderately warm, it would be advantageous to ventilate the coffee
 
at appropriate humidities. He developed an automatic control
 
circuit for a ventilation system and showed that under cool dry

ventilated conditions parchment coffee could be stored for at
 
least 12 months with negligible woodiness appearing in the cup
 
liquor.
 

DISCUSSION: One of the most important physical storage procedures
 
that needs special emphasis in the tropics is cleanliness in
 
storage. 
 Good hygiene and proper store construction to minimise
 
harbourage for pests and to enable easy cleaning will 
go a long
 
way towards preserving the stored grain from unnecessary damage.
 

Under present storage conditions in developing countries
 
some of the storage receptacles which are already In use as
 
hermetic or semi-hermetic containers could be further improved.
 
In large-scale storage more care and consideration could be given

to appropriate store design of conventional stores to promote
 
cooling by aeration.
 

In many countries consideration needs to be given at the
 
national planning level to the storage of grain as a famine
 
reserve, and for such a purpose the 
low cost hermetic structures 
the "Cyprus Bins" have proved their worth.
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INTRODUCTION: The full potential of the use of low temperatures
 
to control stored-grain Insects has not been realized, even In
 
geographical locations where low temneratures are available and
 
are relatively inexpensive to use in cooling -!rain sufficiently
 
to inactivate or kill stored-grain insects and mites. WJe who live
 
In temperate climates reap benefits of low ambient temperatures,
 
even without Butting forth any effort or expense, but we could
 
economically increase the benefits by .ovin.i this cool air
 
through our grain more than we do.
 

Discussion of the use of refrigeration to cool grain Is
 
discussed elsewhere in these Pr&ceedings; refriieration is being
 
used to remove heat from crain ir-clir, tes which do not provide
 
naturally cool air, or in climates -.iich have cool air only part
 
of the year, as in temperate areas.
 

Both high and lox temperatures have been used for a long
 
time to kill insects, or at least reuce tnreir damage, in grain
 
and grain products. In -he northern parts of the United States
 
and in Canada, "freeze-outs" have beer used to disinfest flour
 
mills. The mills were opened for 24- E hr .;hen temperatures were
 
very low, below -20oC (OcF). The effectiveness of this technique
 
was demonstrated by Cotton and Frankenfeld (I) in Klansas; however,
 
such severe temperatures cannot be dependeu on to occur in the
 
state.
 

Dean (2) about 70 years ago demonstrated that flour
 
mills In Kansas could be almost completely o]isinfested Dy
 
"superheating" which created temperatures of 
43-60 CN(IIU-1400 F)
 
in most of the mill. Although effective, this method was not used
 
much. The sum's energy has been used directly to disinfest as
 
well as to dry small lots of grain. Heating grain in fluidized
 
beds Is being studied, as reported by Dermott and Evans (3).
 

In the First Conference in 1974 in Savannah, Georgia,
 
Nelson (4) and Kirkpatrick (5) presented papers on the use of
 
different types of radiant energy to kill stored-grain insects by
 
the heat produced as radiations were absorbed by the insects and/
 
or the grain. At that same conference Navarro (6), Calderon (7),
 
and Smith (8) dealt with various aspects of controlling stored
food Insects using low temperatures.
 

Use of low temperatures Is, and shou'd h?, of more
 
Interest these days because of Insect resistance to Instm'icldes,
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especially the protectant chemicals applied to grain as common
 
practice In 
some places, and because of the Increased concern,

justified or not, that many people feel 
about having chemicals put

on grain which they are going to eat 
In one form or another.
 

Any control method to be acceptable must meet certain
 
requirements: 
It must be needed, It must be effective, it must be
 
available, It must be economical, It must he amenable tc safe
 
application, and it must not harm the product or make It unsafe
 
for humans or animals to consume. Malathion is a chemical that
 
met these reqlrements quite well 
and has been widely used directly
 
on 
grain as a protectant, but its effectiveness has been decreasing

due to resistance of the Insects, more 
in some areas than In
 
others.
 

Insecticides will continue to have their place in the

protection of stored grain. 
 This Is evidenced by the continued
 
search for and testing of new Insecticides suitable for use on
 
and around stored grain. Other potential control methods for
 
protecting grain from pests should be 
investigated, and developed

when and where appropriate. 
Thus, we see an active Interest In
 
various kinds of radiation, in pheromones, hormones, and pathogens,

In varietal 
resistance, in various kinds of atmospheres, and In
 
the use of temperatures detrimental to stored-grain pests.


Low temperatures are attractive because they do not harm
 
the grain and because they retard the rate of deterioration due
 
to respiration and microorganisms as well 
as that due to Insects
 
and mites. No potentially harmful 
residues result, and apparently
 
no government agencies have yet required registration of low
temperature usage with all the problems that process 
involves.
 

SUSCEPTIBILITY OF INSECTS TO LOW TEMPERATURES: 
 The optimum tem
perature for most stored-grain insects is between 25 and 3900.
 
Any lowering of the temperature below the optimum for a species

will have some adverse effect. 
But to cool insects enough to
 
prevent feeding and reproduction, the temperature must be lowered
 
considerably: below 
15-170C for most species. Howe (9) summarized
 
the estlmate of optimum and minimum temperatures for population

Increases which had been reported by 
numerous investigators. He
 
listed more than 50 species, some of which are given In Table I.
 

Burges and Burrell (10) listed 9 common grain-infesting

species, giving the optimum temperature for development and the
 
temperature at which the developmental cycle requires 100 days

(Table II). Thc y stated that, 
in ceieral, if temperature is reduced
 
to a level 
at which a species takes 100 days to develop, that
 
species Is unlikely to multiply tc. a dangerous extent.
 

If moisture content Is sufficient for mites, lower tem
perature Is required for protection of the grain. Smith (8)

listed the minimum and optimum temperatures for development of
 
some mite species common In stored products (Table Ill).
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TABLE I. Estimated optimal and minimal temperatures (OC) for
 
population increase for selected stored-grain insects.
 
(Adapted from Howe, 1965).
 

Species Min. Opt.
 

Species Needing High Temp.
 

Cold Hardy
 

Trogoderma granarium Everts 24 33-37
 

Cryptolestes ferrugineus (Stephens) 23 32-35
 

Oryzaephilus surinamensis (L.) 21 31-34
 

Plodia interpunctella (Hubner) 18 28-32
 

Moderately Cold Hardy
 

Tribolium confusum Jacq. duVal 21 30-33
 

Ephestia caiiceia (Walker) 17 28-32
 

Rhyzopertha dominica (Fab.) 23 32-35
 

Cold Susceptible
 

Tribolium castaneum (Herbst) 22 32-35
 

Callosobruchus maculatus (Fab.) 22 30-35
 

Oryzaephilus mercator (Fauvel) 20 31-34
II 

Cryptolestes pusillus (Schonherr) 22 28-33
 

Species Thriving at Moderate Temperature
 

Cold Hardy
 

Anagasta kuehniella (Zeller) 10 24-27
 

Sitotroga cerealella (Olivier) 16 26-30
 

Sitophilus granarius (L.) 15 26-30
 

7 21-27
Acarus siro L. 


Moderately Cold Hardy 

Sitophilus oryzae (L.) 17 27-31
 

Cold Susceptible
 

Gnatocerus cornutus (Fab.) 16 24-30
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TABLE II. 	Optimum temperature (°C) and temperature at which
 
developmen~tal cycle requires 100 days. (Adapted
 
from Burges & Burrell, 1964).
 

Species Opt. 
Temp. for 100-day 
devel. cycle 

Oryzaephilus surinamensis (L.) 34 19 

Sitophilus granarium (L.) 28-30 17 

Cryptolestes ferrugineus (Steph.) 36 20 

Tribolium castaneum (Herbst) 36 22 

T. confusum Jacq. duVal 33 21 

Trogoderma granarium Everts 38 22 

Sitophilus oryzae (L.) 29-31 18 

Rhyzopertha dominica (Fab.) 34 21 

Cryptolestes pusillus (Schunherr) 32 19 
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TABLE III. 	Minimum temperatures (°C) for development of some
 
stored-product mites (Smith, 1974).
 

Species 	 Min.
 

Acarus siro L. 	 0
 

Glycyphagus domesticus (DeGeer) 0-5
 

Tyrophagus putrescentiae (Schrank) 8
 

Cheletus eruditus (Schrank) 10
 

minimum temperature for development ranges from 0 to IO°C.
 
SInha (11) listed 10 species of storage mites of Importance In
 
Japan and summarized the minimum and optimum temperatures for
 
breeding, as reported by several investigators (Table IV). The
 

Table IV. Estimates of minimum and optimum temps. (OC) at
 
which 4 mites breed. (Adapted from Sinha, 1968).
 

Species Min. Opt. 

Tyrophagus putrescentiae (Schrank) 9-10 23-28 

Glycyphagus destructor (Schrank) 10,15 15-25 

Acarus siro L. 7 23-30 

Cheletus eruditus (Schrank) 12 25-27 

minimum temperature ranges from 7 to 150C. Temperature just low
 
enough to effectively retard Insect development (170C) wil.I be
 
quite suitable for buildup of certain mite populations.
 

Solomon and Adamson (12) exposed numerous species of
 
stored-product Insects to winter conditions In various situations
 
In Britain, and ranked them In categories from "very susceptible"
 
to "hardy."
 

Knowledge of the species involved and of their relative
 
susceptibilities to low temperatures permits more effective use
 
of low temperatures where they are available. In geographical
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areas where ambient temperatures are marginal for cooling by
 
aeration, they may be effective If the only Insect pests are
 
relatively susceptible to low temperatures.
 

ACCLIMATION OF INSECTS TO LOW TEMPERATURES: Isknown that some
 
Insects (perhaps all of them) acclimate ifexposed to gradually

decreasing temperatures, and thus are able to survive longer cold
 
exposure 	and/or lower temperatures than those not acclimated.
 

Smith (13) found that survival of Cryptolestes ferru
gineus (Stephens) adults acclimated for 7 or more days at 15'C 
and then 	exposed to -60C was much greater than for those not
 
acclimated. And whereas nonacclimated adults did not survive
 
3 days at -120C (100F), survival was 40.5% of those acclimated
 
for 14 days at 150C then exposed for 14 days at -12'C. For those
 
acclimated for 28 days at 150C, survival was 60.8% after 78 days
 
at -120C 	(Table V).
 

TABLE V. 	Percentage survival of Cryptolestes ferrugineus exposed
 
to -120C after acclimation at 150C. (From Smith, 1970).
 

Days of
 
acclimation Survival
 

None 	 0 after 3 days
 

14 	 40.5% after 14 days
 

28 	 60.8% after 78 days
 

The supercooling point was -16.7*C for nonacclImated insects, but
 
was -20.4*C after 3 or 4 weeks of acclimation. Smith suggested
 
that this species Isable to survive Inunheated granaries Inthe
 
Prairie Provinces of Canada because of its ability to acclimate to
 
low temperatures.
 

Insects that can move through tne grain mass are not
 
exposed to sudden temperature changes and so are able to acclimate
 
according to their capacity to do so.
 

Evans (14) found that the mean chili-coma temperature 
(ET o) of Sitophilus orjzae (L.) was lowered from 8.430 for un
acclimated adults to 5.2900 for adults acclimated for 8 weeks at 
1500. Mean chill coma of S. grcmarius (L.) treated the same way 
was lowered from 5.26 to 2.7100.
 

Ernst and Mutchmor (15) demonstrated that adults and
 
larvae of Tenebrio molitor Fab., Tribolian confusum Jacq. duVal,
 
and Trogoderma variabile Ballion dispersed more at low temperatures

after acclimation at 15 or 231C than did Insects acclimated at
 
higher temperatures.
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Sinha (16) reported that 1% of an Acaus siro L. cul
ture reared at 60C for 2 years survived -180C for 168 hr, while
 
none of a culture reared at 210C for I year survived 72 hr ex
posure at -180C.
 

David et al. (17) acclimated various developmental
 
stages of Sitophilus orzae, S. granarius, and Rhyzopertha
 
dominica (Fab.) for 3 days at 21'C, for 7 days at 15.5'C, and
 
for 7 days at 100C, then exposed them to 4.40C for 2, 4, or
 
6 weeks. Acclimation increased survival of all species. Although
 
a laboratory strain and a field strain of each species were tested,
 
there was little difference In response, except that field-strain
 
S. grcaarizs adults were more cold hardy than the laboratory
strain adults. The hardiest Immatures of S. oryae were those of
 
14-17 days' development, and, when acclimated, more than 25% sur
vived 6 weeks at 4.40C, while none of the nonacclimated survived
 
(Table VI. Of acclimated S. granarhiu of the same developmental
 
age, 75% or more survived the same exposure while few of the non
acclimated survived. The Irmaturos of R. dorninica with 21-24 days'
 
development were the most cold hardy but were more susceptible
 
than the other two species. Vir+ually none, acclimated or not,
 
survived 6 weeks at 4.40C, and only 9-13% of the acclimated group
 
survived 4 weeks; none of the nonacclimated survived 4 weeks.
 
Only a few acclimated S. oryzae adults survived 2 weeks' exposure
 
to 4.40C, and almost none of the nonacclimated ones survived.
 
Thirty-nine percent of R. dominica adults survived 2 weeks' ex
posure to 4.40C and only 6-8% survived 4 weeks, while only 1-2%
 
of nonacclimated adults survived 2 weeks. S. grrnarius adults
 
were much more cold hardy, with 90% of the acclimated fleld-strain
 
adults surviving 6 weeks compared to less than 2% of nonaccllmated
 
field-strain adults. Field-strain adults were clearly more cold
 
hardy, whether acclimated or not.
 

Granovsky and Mills (18) exposed S. granarius adults in
 
pint jars (250 insects/250 g wheat) to temperatures gradually
 
decreasing from 260C to 4.41C over a period of 109 days. Tempera
ture was decreased in Increments of 2.2 Coor less per week. The
 
Insects were held at 4.40C for 9 days, then 100 of them were each
 
placed individually with an undamaged wheat kernel and 100 Indivi
dually with a kernel with about one-third of the "brush" end cut
 
off. They were held at 4.40C for 15 days, then at 5.5, 6.5, and
 
8.00C for 18, 10, and 7 days, respectively. There was evidence of
 
feedlng at all temperatures, but only on cut kernels; the Insects
 
apparently were unable to penetrate the pericarp of the kernels
 
at those temperatures. Of 100 weevils in each group, 24 survived
 
on cut kernels to the 161st day of the temperature sequence (after
 
50 days' isolation with single kernels), while only 10 survived on
 
sound kernels. Although nonacclimated adults were not used as
 
controls to determine degree of acclimation, the tests showed
 
that S. granarius can feed on damaged kernels at quite low
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TABLE VI. 	 Percent survival (of control) at 4.40C of acclimated
 
and non-acclimated insects at different developmental
 
stages. (Adapted from David et al., 1977).
 

Weeks expos, Acclimated Non-acclimated
 
4.4C Lab. Field Lab. Field
 

S. oryzae of 14-17 days development 

2 	 82.8 83.8 1.2 1.6 
4 	 48.4 53.1 0.0 0.0 

6 	 36.6 26.1 U.O 0.0 

S. granarius of 14-17 days development
 

2 	 97.1 81.8 36.6 38.1 
4 	 75.8 54.3 2.6 4. 1 
6 	 82.8 74.5 0.1 0.9 

R. dominica of 21-24 days development
 

2 	 76.9 55.6 16.4 16.0 
4 	 18.3 9.2 0.0 0.0
 
6 	 0.3 0.0 0.0 0.0
 

S. granarius adults 

2 	 85.8 100.1 33,7 92.7
 

4 	 25.9 90.8 3.9 78.3 
6 	 15.7 90.1 0.0 1.8 
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temperatures and that the proportion surviving is thus increased.
 
Granovsky (19) found that, during acclimation,
 

S. granarius gained dry weight, total lipids, and triglycerides,
 
and decreased in water content, while the opposite occurred for
 
T. castaneum. This demonstrates the variability among species In
 
adjusting to low temperatures.
 

Evans in two papers (20, 21) reported on the capacities
 

for increase of several Australian populations of S. oryzae and S.
 
granarius at 150C. The finite rate of increase of S. granarius
 
averaged 1.07/female/week, and of S. oryzae averaged 1.09/female/
 
week. Evans found that capacity for increase of a given popula
tion at 15'C was correlated with fertility at an optimum tempera
ture of 270C and with body weight, rather than with cold tolerance
 
(chill-coma temperature), or its previous temperature h1story. He
 
found significant differences in capacity for increase among the
 
populations. Temperature of rearing of immatures influenced
 
capacity for increase at 15°C; weevils of laboratory populations
 
reared at 27°C had a greater capacity for increase at 15°C than
 
those reared at 150C.
 

These and other studies not cited emphasize the survival
 
value of acclimation for many of these insects, and also that some
 
may be able to feed and reproduce at lower temperatures than
 
commonly thought; Evans' papers reported that reproductive capa
city can be affected by the temperature history of tho immatures.
 

Until more is known about the effects of various kinds
 
of exposures to low temperatures on insects, we will not be
 
capable of recommending precise temperatures for their control.
 
Obviously, we need not wait for all desired information before
 
using low temperatures to control insects; the method is being
 
used successfully in a number of situations.
 

AVAILABILITY OF LOW TEMPERATURES: Low temperatures may be avail
able naturally, or they may be created by refrigeration equipment
 
(to be discussed in another paper).
 

In the United States from north to south we have a wide
 
range of ambient temperatures. InTable VII are presented the
 
contrasts in temperature at Fargo, North Dakota (47°N. Lat.);
 
Wichita, Kansas (38°N. Lat.); and Brownsville, Texas (26°N. Lat.,
 
the Gulf of Mexico). Locations are shown in Figure I. Weather
 
records show that Fargo during the two warmest months (July and
 
August) about 50% of the recorded hourly temperatures during 1951
1960 were under 21°C (70'F) and 12-16% below 15.5°C (60'F). In
 
Wichita 10-12% of the observations were of temperatures below 21*C
 
and only 0.5% below 15.5°C. At Brownsville the temperature was
 
almost never below 210C in July.
 

The temperatures observed during January, one of the
 

coolest months, were all below 10C (50°F) at Fargo, and 32% were
 
below -18°C (O.F), as compared to only 14% below 10C at Brownsville.
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TABLE VII. Percentages of observed temperaturesa below selected
 
levels at different locations inU.S.A.
 

Location & Lat. <21°C <15.5 0 C <10C <-180C 

July 

Fargo, N. D, 470N. 45 12
 

Wichita, Kans. 38°N. 12 0.5
 

Brownsville, Tex. 260 N. 0.0
 

August
 

Fargo 52 16
 

Wichita 10 0.5
 

Brownsville 0.08
 

January 

Fargo 100 32 

Wichita 92 o.4 

Brownsville 14 0.0 

aTotal of approx. 7400 hourly observations for each location during
 

1951-1960.
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Aeration may be advantageous In areas where temperatures
 
are not low enough to halt Insect development. It equalizes tem
peratures throughout the store and by use of selective aeration,
 
temperatures can be reduced below the optimum for Insects, thus
 
retarding population development. Aeration Is being utilized In
 
the warmer areas of Australia.
 

In Kansas, harvest of wheat begins just before July I.
 
The temperature of the grain at harvest varies greatly, but not
 
uncommonly grain Is at 301C or higher when placed In storage.
 
Although we do not have sufficiently low temperatures In July to
 
cool grain below a "safe" temperature, it is recommended to farm
ers that they aerate grain Immediately to remove the "field heat."
 
The mean temperature for July may vary from 21 to 330C, but over
 
almost 100 years has averaged 270C. Therefore, on the average,
 
the temperature of grain can be reduced at least to 270C by using
 
aeration, and with selective aeration more than that. At Wichita,
 
Kansas, in September (2 months after harvest) 43% of the observed
 
temperatures were found to be below 210C, and 14% below 15.5 0 C,
 
so grain can be cooled to near the safe level, taking 15-17'C to
 
be the safe level. In October, the temperature can be lowered
 
effectively, since 50% of the hourly observed temperatures were
 
found to be below 15.51C.
 

It has been estimated that not more than 30% of the
 
farmers In Kansas use aeration; many do not have the equipment,
 
and those who do, do not use It as much as they should. We could
 
make better use of it earlier in the fall. Benefits can be
 
gained from aeration of grain even when temperatures cannot be
 
lowered as much as desired.
 

Calderon (7), at the First Conference, discussed the
 
potential for using aeration for controlling insects In warm
 
climates. He pointed out the need for detailed weather data at
 
the storage site so that it can be decided whether effective
 
cooling can be done using ambient air. Also at that conference
 
Navarro (6) discussed the use of aeration of grain as a means of
 
controlling grain storage Insects. Navarro et al. (22) reported
 
observations on nearly 2 years' storage of 1142 tons of wheat In
 
Israel, using only aniblent aeration to cool the grain, a demonstra
tion of practical use of aeration for cooling grain In a sub
tropical area.
 

Aeration is important not only to cool grain but also
 
to equalize the temperatures throughout the grain mass to prevent
 
moisture migration; furthermore, It may be used for ambient-air
 
drying, particularly with high airflows.
 

Besides te papers already mentioned, there are others
 
with good discussions of aeration of grain, such as Ca!deron's
 
paper (23) presented at the Grain Storage Seminar In Ibadan In
 
1971; Burrell's chapter in the book edited by Christensen (24),
 
Storage of Cereal Grains and Their Products (Burrell also has a
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chapter In that book on chilling); and a U.S. Department of
 
Agriculture report by Holman (25).
 

Use of low temperatures, as with any control measure,
 
must be economically feasible. Remarks here will be limited to
 
use of amblcnt air. Costs range from nothing upward; In areas
 
such as Fargo, North Dakota, small storages of grain may cool
 
sufficiently and quickly enough without aeration, while larger
 
storages may be cooled quickly with aeration. Each situation must
 
be analyzed with regard to availability of suitable air, avail
ability of aeration equipment, and costs of that equipment and of
 
the Increasing cost of energy to operate it.
 

COSTS OF COOLING BY AERATION--AN EXAMPLE: An example of relative
 
costs of aeration and the use of chemicals In Kansas follows.
 
The costs are only estimates, and labor cost is not taken Into
 
consideration. Per bushel or per ton costs for materials and
 
labor vary with the size and type of storage facility.
 

Cost of protectant chemicals applied directly to grain:
 

Ma lath ion 0.24/bushel
 
Pyrethrins - piperonyl butoxide 0.860
 

Cost of fumigants:
 

"80:20" (C!14 :C- ) 0.8C/bushel
 
Phosphine 0.23t
 
Methyl bromide 0.3o
 

Estimated cost of aeration of a 3000-bushel bin of wheat:
 

Installation, including full, perforated floor:
 

Perforated floor $1,000.00
 
Fan (1.5 hp) 500.00
 

$1,500.00 = 504/
 
bushel capacity
 

Installation, including "Y" perforated duct, rather
 
than a perforated floor:
 

Perforated duct $ 200.00
 
Fan 500.00
 

$ 700.00
 
Estimated life of fan Is 15 years, so cost of equipment
 
ranges from 1.5 to 3.30/ bushel/ year.
 

Cost of operation of the fan: Using 0.1 ft3/mln/bushel
 
airflow, It takes approximately 120 hr for the cooling
 
front to move through a mass of grain. The 1.5-hp
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motor\consumes about 1.5 kilowatt-hr of electricity at
 
a cost of about 54/kllowatt-hr, thus about 7.5C/hr.

For each aerati'on of 120 hr, the cost will be about
 
$9.00, which equals 0.3C/bushel.
 

For Kansas, one recommendation is for at least five
 
aerations per year for wheat stored on the farm, with the first
 
Immediately after harvest to remove "field heat"; another per
haps 6 weeks later while temperatures are still too warm to ef
fectively control Insects. A month later, temperatures will
 
usually be low enough that grain can be cooled to below the "safe"
 
level as far as insects are concerned.
 

If five aerations are done, the total cost/year for
 
wheat will be approximately 2-54/bushel. In areas farther north,
 
costs will be considerably less. Also, important benefits other
 
than insect control are gained by aeration. It prevents moisture
 
migration, which is not prevented by use of chemicals, except
 
that caused by insect-induced heating. Although the cost is
 
greater than a single treatment with chemicals, the benefits
 
exceed those of insect control alone, and with careful monitoring

and selective aeration, total fan operation can be reduced.
 

FACTORS INFLUENCING EFFECTIVENESS OF COOLING USING AERATION:
 
Several factors Influence effectiveness of forced air cooling in
 
controlling insects.
 

Condition of the grain mass. Sampling and monitoring of the
 
grain should determine as accurately as possible the temperature,

molkture content, extent of biological activity and the organisms

causing It, and the variability in density and particle size In
 
the grain mass (broken kernels, dust, chaff, etc.), which Influ
ence uniformity of airflow. 
A hot spot caused by molds or Insects
 
may not be cooled adequately.
 

Air-moving equipment. 
Design of the duct system in relation
 
to the type of storage structure is Important, as well as quality

and power of the blower. The objective is an adequate and as
 
uniform airflow as possible, In order to effectively and economi
cally cool all parts of the grain.
 

Weather conditions. Familiarity with the temperature and
 
humidity characteristics of the area, particularly where adequacy

of low temperatures Is marginal, will permit the most effective
 
use of the low temperatures that are available.
 

Interrelationships of temperature, relative humidity, and
 
moLture content. Understanding of the Interrelationships of
 
temperature, relative humidity, and moisture content 
Is Important,

especlaly to prevent adding excessive moisture to the grain
 
during aeration.
 

There Is no doubt that low temperatures could be used to
 
advantage more than they now are, at least In the United States-
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particularly ambient aeration. 
All situations differ--climatic
 
conditions, equipment and energy availability, expertise, the
 
variable biological and physical factors within each grain store-
and, of course, economic feasibility.
 

Use of low temperatures should be considered wherever
 
feasible, either alone or in conjunction with other control
 
methods; and more information should be accumulated on the effects
 
of low temperatures on the biology, behavior, and ecology of the
 
various grain Insects.
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LARGE-SCALE TRIALS ON THE USE OF CONTROLLED ATMOSPHERES
 
FOR THE CONTROL OF STORED GRAIN INSECTS
 

S. NAVARRO, M. GONEN, and A. SCHWARTZ
 
Stored Products Division, Agricultural Research
 
Organization, P.O. Box 6, Bet Dagan, ISRAEL
 

INTRODUCTION: Research on the technology ot the application of
 

controlled atmospheres as a substitute for the use of chemical
 

insecticides, has received special attenticn in iew of the
 

problems arising from the development of insecticide resistance
 

and pesticide residues (I). The controlled atmosphere storage of
 

dry grain (for cereals below 13% moisture content) consists of
 

altering the atmospheric composition within a structure containing
 

the grain to give a combination of the atmospheric gases lethal
 

to insects.
 
Various combinations of atmospheric gases have been
 

suggested for the control of stored-product insects. Controlled
 

atmospheres which could be utilized for grain storage are those
 

with reduced oxygen (02) tension and/or those with an increased
 

carbon dioxide (CO?) content. Means of producing controlled at

mospheres include the purging of airtight silos with nitrogen
 

(N2 ) (to reduce the 02 to less than 2%) or C02 from tankers (to
 

produce a mixture of 60% C09 in air), or to use low 02 atmospheres
 

produced by hydrocarbon burners (typically producing atmospheres
 

containing 13% C02, less than 1% 02, with the balance N2 ). (2, 3).
 

Field trials aimed at using t'12or 02 to establish and
 

maintain an atmosphere containing 1.5% 02 or 60% C02 have been
 

carried out (I, 4). In these trials the approach was to seal
 

silos to a standard which minimized the amount of gas required to
 

maintain the atmosphere within acceptable limits. Although the
 

use of N2 or C02 from gas tankers gave satisfactory results, they
 

may require long hauls to the site of use. It was demonstrated
 

that on-site generation using exothermic Inert-atmosphere genera

tors was promising also (5).
 
Generation of an Inert atmosphere may be possible employ

ing propane burners using a flame generator or by catalytic com

bustion. The large-scale trials described in this paper were
 

aimed at ascertaining the feasibility of using a catalytic 02
 

converter to generate atmospheres for the control of stored grain
 
Insects.
 

MATERIALS AND METHODS: Inert atmosphere generator. The generator
 
consisted of an 02 converter type CIE manufactured by Sulzer,
 

Switzerland, used In the fruit conservation Industry. During
 

operation, propane gas is combusted catalytically without flame,
 

and the exhaust gases are blown into the storage structure by a
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blower at a rate of 144 m3/hr. Combustion takes place In the
 
reaction chamber and following it the gases are cooled by water
 
in a spray cooler. Water removed from the gases leaves the cooler
 
through a seal leg. The exhaust gases were conveyed to the silo
 
by a P.V.C. pipe of 105 mm i.d. The 02 converter was operated In
 
reclrculation, with the gases blown through the roof of the silo
 
and sucked Into the converter through a pipe connected to the
 
aeration duct.
 

Operation of the 02 converter. The converter was
 
operated in two phases, the purge and the maintenance. In the
 
purge phase the cowverter was operated continuously until the
 
desired atmosphere was obtained within the bin. Towards the end
 
of this phase, when the 02 concentration within the bin dropped
 
to 3% to maintain the converter In operation, a calculated flow
 
of ambient air was permitted to penetrate through the recirculated
 
gas entry duct of the converter. In this way 02 concentrations
 
lower than 0.5% were created within the bin.
 

In the maintenance phase, the atmosphere created within
 
the bin was maintained for the required period of time. To
 
achieve this It was necessary to operate the converter Inter
mittently to maintain the desired gas concentration against
 
leakage.
 

Experimental bins. Experiments were conducted In three
 
welded steel bins containing 1252, 1193, and 1106 tons of wheat
 
(referred to In the text as bins A, B, and C, respectively).
 
Bins A and B were similar In shape and dimensions: 14 m diameter,
 
II m high, with a flat floor (Figure I). Bin C had a 9.8 m
 
diameter and was 23.5 m high, with a conical base.
 

RESULTS AND DISCUSSION: Operation of the 02 converter. Data
 
obtained on operating the converter in five trials are shown In
 
Table I. The estimated operation time required in the purge phase
 
for reducing the 02 concentration from 21 to 0.5% was 57, 59, and
 
54 hr for bins A, B, and C, respectively. However, from Table I
 
It is seen that In different trials the reduction of 02 concen
tration was achieved In 37.3 to 74.4 hr and only In trial no. IV
 
did the operation last 60.3 hr, as expected. The main factors
 
responsible for these differences were the gastightness level of
 
the bin and the existing insect population. In trials no. I and
 
Ill, a longer operation time was required due to low gastightness
 
and In trial no. II the initial high insect population contributed
 
to consumption of 02 by respiration, thus shortening the converter
 
operation period.
 

The catalytic converter consumes electricity for the
 
heat exchanger before it reaches Its operation temperature, and
 
for the blower. From Table I It Is seen that the mean energy
 
consumption was 3.01 kw/hr. However, in trials no. II to IV the
 
energy consumption was higher, apparently due to a failure In the
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FIGURE 1. 	 Vertical section of the steel bin containing 1193 tons 
of wheat on which the oxygen converter was tested. 

reaction chamber. The results obtained in trials no. I and V were
 
closer to the manufacturers' specifications. The energy consump
tiion during the maintenance phase was higher, d,'k +o intermittent 
operation requiring repeated preheating at each o~ration stage.
 

The heated gases were cooled using tap witer at a mean
 
rate of 1300 I/hr (Table I). This may present a problem in dry
 
areas, where the water supply is limited. However, an alternative
 
that should be considered for cooling the gases is the use of re
circulated water through cooling towers.
 

Mean propane gas coni~'mp.cn was 1.17 kg/hr (Table I).
 
The longest operation period in trial no. V was 114.5 hr (includ
ing the maintenance phase) for which the propane consumption was
 
136 kg. This figure should be compared with that in the method
 
of application of N2 which requires approximately 13i5 kg of N2
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(calculated for maintaining 1% 02 for three weeks), based on sug
gested practical requirements (2). Under conditions Inwhich
 
transport of nitrogen constitutes one of the major costs and
 
necessitates long hauls to the site of use, the method of on-site
 
generation of the controlled atmosphere should be considered.
 

The exhaust pipe of the converter was connected to the
 
apex of the bin (Figure I). This was done to permit the water
 
vapor In the gas mixture, which had 90-96% relative humidity, to
 
condense in the pipe. The mean rate of this condensed water
 
collected from the bottom of the pipe was 1.16 i/hr (Table 1). 
The water was collected to prevent its entry into the bin, thereby 
increasing the moisture content of the grain.

The calculated mean rate of 02 consumption by the con
3
verter was 2.65 m3/hr, very close to the figure of 2.6 m


by the manufacturers of the converter.
 
Changes Ingas concentration. Typical changes in con

centration of 02 and C02 within the bin obtained 
in trial no. IV
 
are shown in Figure 2. In this trial the purge phase lasted
 

18"
 
0.0 o- 002 

16 - C0 2 
m converter in 

14 operotion 

100
 

8./.
 
4Y - 0*~w~ 

5/1 10 15 20 25 28/1/76 

DATE 
Figure 2. 	 Changes in gas composition by intermittent operation of 

oxygen converter for a total of 79.8 hr in a horizontal 
steel bin containing 1193 tons of wheat 
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60.3 hr, during which the average 02 concentration was reduced to
 
0.2%. During the maintenance phase, which lasted 21 days, the 02
 
concentration was maintained below 2% by Intermittent operation of
 
the converter for a total of 19.5 hr.
 

Results of other trials showed that at the end of the
 
purge phase 02 concentration was reduced to the range of 0.2-1.2%.
 
Operation of the converter In all the trials resulted In an
 
Increase In CO2 level to 9.8-13.3%.
 

In tests carried out using two exothermic inert
atmosphere generators producing 850 m3/hr of inert atmosphere,
 
concentrations of 0.1-0.9% 02 were obtained after 24 hr In a bin
 
of 540 tons of wheat (5). Although the volume of the atmosphere
 
and the rate of 02 reduction by these large units were high, the
 
results of the present study support the feasibility of Inert
atmospheric generators for producing low 02 atmosphere In struc
tures containing grain.
 

Moisture content and grain temperature. The moisture
 
content of wheat samples taken from different layers of the bin
 
showed that the surface layer was the most markedly affected by
 
purging the grain (Table II). Grain samples taken from 0-10 cm
 

Table II. Moisture content of grain before and after controlled
 
atmosphere purging, and temperature of the bulk in
 
experimental bins containing wheat
 

Moisture content of grain (%)
 
Trial Surface layer* 
 Within the bulk :Temperature

No. ___Surface___yer* of
: _: 


Before After : Before After graln(OC)
 

purging purging purging purging
 

12.2 12.8 11.6 11.8 20 
II : 12.5 13.0 10.7 10.4 36 

Ill : 12.2 12.8 10.2 10.1 28 
IV : 13.0 13.6 10.2 10.5 28 
V : 9.6 - 11.0 - 33 

*Measured on samples taken from the top 0-10 cm of the grain
 

bulk.
 

below the surface of the bulk showed an almost constant increase
 
of 0.6% In moisture content. To enable the gases containing high
 
humidity to disperse, a P.V.C. sheet (3 x 3 m) was placed above
 
the bulk's surface and below the point of gas entry to the bin.
 
This prevented moistening of grain at the gas Inlet location.
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Most of the grain In the bulk was not markedly affected by the
 
humidity of the gases.
 

The temperature factor is an Important one In determining

the exposure time required to achieve Insect mortality (6, 7).
 
Temperature measurements (shown In Table II) indicate that In
 
trial II, the highest temperature (380 C)prevailed for producing
 
mortality at a shorter exposure time.
 

Insect mortality. Results of tests carried out on mor
tality of insects naturally found in grain and of test insects
 
introduced into the bulk, are shown in Table Ill. 
 The 100%
 
mortality achieved in trial no. ii can be attributed to the high
 
temperature prevailing in the bulk during the trial. 
 In contrast
 
to this, In trials no. Ill and IV insects survived, especially In
 
the surface layer and on the bin floor.
 

Controlled atmosphere storage has no residual effect on
 
grain, which after treatment is subject to further damage by 
sur
viving or invading insects. Insect aggregation in an 02 concen
tration that permits survival is a limitation of controlled atmos
phere storage. The dispersal response of three stored product in
sects to atmospheric gas gradients has been investigated (8). The
 
results obtained for Oryzaephilus szri =zensis, SitophiZus oryzae,
 
and Rhyzopertha dominica in the presence of a stable 02 gradient
 
Indicated that dispersion was significantly restricted by 0.9% 02.
 
It appears that there is little chance of insects dispersing from
 
low 02 levels towards regions in the bulk having high 02 levels as
 
occur in the region of leaks in the structure. Insects already

found In such a region may survive the treatment, and form a source
 
for reinfesting the bulk after treatment. The surviving insect
 
populations found in the surface layer and on the bin floor seem,
 
therefore, to have derived from insects already existing in these
 
locations.
 

The natural insect population recorded in trials no. II,
 
Ill, and IV comprised, in decreasing intensity, the following

species: 0. surinaonensis, Tribolium castaneum, R. dominica, and 
S. oryzae. It has been demonstrated that in 2.5% 02, mortality of
 
T. castanewn larvae and adults was 100% after 14 days' exposure at
 
26.7°C (9). In an atmosphere of less than 1% 02 at 27°C, 95% 
mor
tality of 0. surincmensis and R. dominica adults was obtained 
after exposure for 11.2 and 31.0 hr, respectively. These data 
suggest that the given gas concentrations for the exposure of
 
24 days in trial no. !V should cause complete control of Insects.
 
Survival of the natural insect population recorded in trial no. IV
 
was fo!,nd in one out of 56 grain samples taken from the bin. This
 
sample was tak-i from the region around the aeration duct on the
 
bin fioor. In that location, consistently higher 02 concentrations
 
were recorded than at the remaining sampling points in the bin.
 
This apparently was the cause of Insect survival.
 

Although the mortality of test Insects introduced Into
 
the bin was high, the causes of survival may be explained as
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follows:' (a) Insect cages containing Insects were located close to
 
bin opening in the head space and bin floor (Flgure I). Although

the 02 concentration was even during the Intermittent operation of
 
the converter, the rate of increase in 02 levels between each opera
tion was higher In these locations, relative to other sampling

points. (b) Trial IV was carried out during the cool 
season
 
(January) of the year, when ambient temperatures were In the range

of 7-17 0 C. Temperatures at the bin periphery were significantly

lower than inthe grain bulk, a fact which may have contributed
 
to test insect survival.
 

Gastightness of the structures. 
 In controlled atmos
phere treatment a high standard of gastightness Is essential to
 
prevent rapid gas loss. 
 To determine the degree of gastightness,

the static pressure test was applied in the present study. 
 This
 
test has the advantage of being independent of bin volume. The
 
test consisted of raising the pressure within the structure by

introducing different flow input rates and recording their equiva
lent differential pressures relative to ambient (10).


Results on static pressure - flow tests and the calcu
lated air ingress rate calculated for different trials are given

In Table IV. From the table it is
seen that to maintain a static
 
pressure of 10 Pa  the higher the flow rate required, the higher

was the calculated air ingress rate that brought about an 
Increase
 
in 02 level after the controlled atmosphere was generated. How
ever, more field tests are required to collate additional Informa
tion for interpreting the gastightness measurements in the light

of recent developments. The results 
In Table IV may serve as

guidelines for a comparative analysis of the gastightness in
 
large-scale trials.
 

CONCLUSIONS: 
 The results of this work indicate the feasibility of
 
using an 02 converter for generating controlled atmospheres In

welded steel bins. The experimental structures, with slight modi
fications, gave a reasonable level of gastightness. However, more
 
research Is required to ascertain the feasibility of The controlled
 
atmosphere method In bins different In size, structure, and degree

of gastlghtness.
 

The application of a controlled atmosphere gave more
 
satisfactory results In grain at high temperatures. Application

of the method for Insect control when the grain temperature is
 
high, and the use of aeration subsequently to reduce grain temper
ature, should be considered as complementary conservation methods.
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THE EFFECTS OF UV RADIATION ON STORED-PRODUCT INSECTS
 

W.A. Bruce and P. T. M. Lum
Stored-Product Insects Research and Development Laboratory
 
ARS, USDA
 

Savannah, Georgia, 31403
 
U. S.A.
 

INTRODUCTION: 
The current trend toward deemphasizing the use of
 
insecticides to control 
Insect populations has rendered it
Imperative that appropriate alternative control measures become
established. Interest in the use of 
short wavelength (253 nm)

ultraviolet (UV) radiation as a 
method of Insect control has
therefore revived in recent years, partly because 
it is non
chemical and partly because itcould be extremely effective in
certain situations (e.g. insect rearing facilities). However,
despite its documented lethal effects (I,2, 3), 
UV radiation has

played no part in control programs to date. There are several
 
reasons. Undoubtedly, the primary difficulty isthat UV radiation,

at least at the shorter wavelengths, can be injurious to human
cells although the underlying mechanisms are only partly under
stood (4). Any attempt, therefore, to employ high intensity

sources of UV radiation in areas of human activity would probably
be resisted. Lack of penetration of these light rays through
 
some substrates would certainly be a second 
reason. However,
there are alternative ways of using UV: 
 a pest species could be
attracted to a shielded trap, a commodity could be irradiated for
 a very short time, or the phenomenon of photoreactivation (light
repair of UV-induced damage) could be used. 
 UV radiation should

be viewed not only as a control method with lethal capabilities

but also one which can provide new approaches to insect control.

For example, pheromone breakdown (5,6) and the converse, phero
mone protection using UV-absorbing compounds, offer exciting

possibilities. It is the intention of the authors to provide a
brief overview of the use and potential of short wavelength UV
radiation as a broad-based tool for insect control.
 

USES OF UV RADIATION (253 nm): Direct Effects 
-

I) Indian Meal Moth -
The direct harmful effects of UV
radiation are well 
known for several species of insects including
the tobacco budworm, ileliothis virescens (F.), (7); American
 

cockroach, Periplaneta americana (L.), (I,3); 
Indian meal moth,
Plodia interpuncteZla (HUbner) (8); almond moth, Ephest-
 cautella

(Walker) (9); and others (2). 
 However, studies involvi. these

stored-product pest species have been confined primarily to the
 
egg stage.


The effect of UV radiation on the egg stage (8)can 
be
briefly summarized. Eggs collected for a 2 h period were held
 
for 2, 8, 24, 48, or 64 h before exposure to UV radiation from
 
two 15W germicidal lamps (GE 15T8). Eggs 24 h or older showed an
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Increased sensitivity to UV (X = 253nm @ 200 Vw/cm2 ) with
 
increased age and increased exposure time. Two-h-old eggs
 
showed approximately the same sensitivity to UV as 24-h-old eggs
 
whereas 8-h-old eggs were the least sensitive of all age groups.
 
The reasons for these differences in sensitivity with age are
 
unclear. It is possible that either the differences reflect
 
changes in a suspected target such as nucleic acid composition or
 
other biochemical and physical states during embryonic develop
ment (2).
 

Larvae and pupae received the same treatment as did the
 
eggs. Fourth-instar larvae were exposed to 11V radiation for 1-8,
 
24, and 48 h. Pupae collected every 24 h and ranging in age from
 
24 to 168 h were exposed for 8, 24, and 41h. In addition, the
 
local effect of UV radiation was determined by exposing 24-h-old
 
pupae venter up, dorsum up, head only, and terminal segments
 
only. For venter and dorsum exposures pupae were placed on
 
strips of plasticine tape in the appropriate position; head and
 
posterior abdominal exposures were accomplished by embedding the
 
unexposed portions of the pupa in plasticine. Larvae (45
 
larvae/time period) showed little tendency to pupate after 4 h
 
exposure (Fig. I). Those that did not pupate continued, in the
 
majority of cases, their wandering search for a pupation site.
 
Irradiation of pupae less than 96 h old produced virtually no
 
normal adult emergence regardless of exposure time. Normal
 
emergence (6-7 days after pupation) is here defined as a condi
tion in which adult moths are structurally complete and non
abberrant and are able to completely disengage from the pupal
 
case. After 96 h of age the percentage of normal adults increased
 
steadily even after 48 h irradiation (Fig. 2). No differences
 
with regard to sex were observed. Normal adult emergence was
 
observed in all exposure positions except that *n which the wing
 
area was irradiated. This observation correlates with the fact
 
that the radiation damage was always confined to the wing area in
 
tests in which pupae were not restricted.
 

2) Stored-Product Mites - Adult females of 2Tyrophagus
 
putrescentiae and Pyemotes tritici (Lagreze-Fossat & Montagn6)
 
were collected from stock cultures (250 C, 605 RH) and placed on
 
double sticky tape secured to standard microscope slides (25
 
mites/Slide). Three replicates of 100 mites were exposed at each
 
UV dosage. A similar number of controls was used for each test.
 
Radiation intensity measured 900 pW/cm2 . Periodic exposures were
 
applied hourly for 8 h to achieve a total dosage approximately
 
equal to single dose. After 24 h the mites were counted to
 
determine the percentage of survival.
 

Continuous exposure of T. putrescentiae to extremely
 
high levels of UV radiation (15,000 pW/cm 2 ) produced 100% mortali
ty as did equivalent intermittent 8-h exposure. Lower dosages
 
(single exposure) produced more subtle differences. For instance,
 
a 50% survival dose for T. putrescentiae was ca. 25 min; for
 
P. tritici it was less than 2 min. (Fig. 3).
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FIGURE 1. 	Relationship of duration of exposure of UV irradiation
 
on 4th instar P. interptnctella larvae and the onset
 
of pupation.
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3) Photoreactivatlon - Photoreactivation Is a phenom
enon that 	could have profound impact on any Insect control system
 
involving 	UV radiation. Eggs of the Indian meal moth were
 
collected, prepared, and exposed to UV as described previously.
 
After exposure half the eggs were placed in the dark and half
 
were placed In a lighted (fluorescent) room. Percentage hatch
 
was determined after 72 h. Also, after each of the single
 
exposures 	of T. putrescentiae females to UV as described previous
ly the mites were placed In either lighted or darkened areas.
 

Exposures 	to light or dark had no effect on 2-h-old or
 
64-h-old eggs of P. interpunctella. However, at all other age
 
groupings 	differences were noted (Table I). The LT50 for an
 

TABLE I. 	Photoreactivation: Susceptibility of P. interpunctela
 
eggs to light or dark regimes after exposure to UV
 
radiation.
 

Age of eggs 	 LT95
LT50  

at exposure Min (Min)
 

to UV (Mn) (Mln)
 
(h) 	 Light Dark Light Dark 

2 	 2.7 2.5 9.0 7.0
 
8 	 3.5 0.6 15.0 3.5
 

24 	 4.0 1.0 11.0 3.2
 
48 	 2.5 1.0 6.0 2.5
 
64 	 0.7 0.4 1.6 I.0
 

8-h-old egg was ca. 3.5 min In light - 0.6 min In dark; the 
LT - 15 min In light - 3.5 min in dark. Results were similar 
wi T. putrescentiae. An LT would require almost a 10-fold 
Increase Intime exposure for ?hose mites maintained In continuous 
light following exposure to UV. In addition, treating mites to
 
periodic exposure to UV gave results similar to those results
 
obtained from mites given single exposures and held in the dark.
 
Mites placed In the dark had higher mortalities than did those
 
mites placed In light after exposure to UV.
 

Indirect Effects 
1) Pheromone Degradation - One aspect of the use of
 

physical methods to control stored-product Insects that has not
 
been adequately studied Is that of pheromone degradation. In
 
theory, the concept is simple: disrupt the ablilty of the Insect
 
to communicate with others of its own species and control can be
 
achieved. Pheromone degradation has been demonstrated In the
 
laboratory (5) and also as a potential method of controlling

moths In closed systems. This control concept has been described
 
previously (6) so Is only summarized here as follows: Biological
 
activity (bloassay: fluttering response of 48-h-old unmated male
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moths) of the P. interpunctella sex p,.eromone (Z,E)-9,12-tetrade
cadien-l-0 acetate Impregnated on filter paper disks, was
 
unaffected by 0.5-h exposure to 253-nm UV radiation. Essentially
 
no biological activity occurred after a 2-h exposure which
 
Indicated that the male moths were apparently unable to detect
 
the female sex pheromone.
 

Because a great many trapping and control schemes
 
center around the use of pheromones, knowledge of this breakdown
 
and the resulting implications would be of value. We were also
 
led to speculate on the possibility of protecting these phero
mones from UV light.
 

2) Pheromone Protection - In the matter of protraction, 
our attention was focused on the common UV absorbing compounds, 
such as those formulated in cosmetics ard sunscreen lotions, as a 
method for preventing rapid degradation of insect pheromones. 
These protectants are generally the derivatives of , aminobenzo
ate, ",benzophenone, u phenyl acrylate, or other such compounds 
considered to be "UV absorbers." When the UV absorber was 
combined with the sex pheromone of P. interpunotZla, we found 
(unpub.) continuing biological activity of the pheromone even 
after 48 days in the field. The controls essentially lost 
biological activity within 6 days. Clearly, these compounds 
offer tremendous potential for shielding light-sensitive chemicals 
from harmful UV radiation. 

Discussion: At this point, it might be instructive to Illustrate
 
at least one way in which results of basic research concerned
 
with UV radiation are actually being used in an applied situation
 
In the in:ect rearing facility.
 

Stored-product insect rearing facilities throughout the
 
United States and elsewhere are subject to occasionally severe
 
outbreaks of the acarine parasite of stored-product insects, P.
 
tritici. The problem of disinfestation of the facility while at
 
the same time continuing the rearing program can be extremely
 
complex. The use of insecticides, fumigants, heat, and cold Is
 
almost certainly precluded. The use of inert atmospheres probably
 
could be placed in the same category because It would be necessary
 
to prevent the movement of the inert gas into the rearing chamber
 
which, in turn, might limit 02 availability to the insects. On
 
th4 other hand, short-wavelength UV radiation can be used for
 
disinfestation of the facility and the outer surface of the
 
culture jars while still making it possible to maintain the
 
rearing program. The insects in uninfested culture jars are not
 
harmed because the glass or other material will absorb the
 
harmful UV rays. Access to the rearing area Is not affected by
 
the use of UV radiation because our studtes indicate that short
 
exposure times at periodic intervals resulted In higher mortality
 
than would occur If the UV source was on continuosly. Thus, the
 
hazard to humans need not exist because the UV lamps may be
 
turned off at any time access to the area Is required. This
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technique has been used successfully at the Savannah Laboratory

whenever such outbreaks of pyemotid mites have occurred. When
 
the UV lamps are properly placed Qnd functioning, disinfestation
 
Is complete within 1-3 days.
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IN STORED GRAIN
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INTRODUCTION: It Isnow apparent that the high expectations of
 
the last 20 years regarding the use of ionizing radiation for the
 
disinfestatlon of stored grain have not materialized. Although
 
research Invarious countries (1,2, 3) indicates that radiation
 
Is technically feasible for Insect control, high installation and
 
operating costs, reservations concerning the acceptability of
 
irradiated foods, and lack of demonstrated need to substitute
 
radiation inplace of chemical pesticides, have precluded its use
 
for the disinfestation of stored grain. Even the comparatively
 
recent development of insect resistance to insecticides has
 
failed to elicit a resurgence of interest inthe application of
 
ionizing radiation for the direct control of insects. Perhaps

this isbecause most experimental applications have employed
 
radioactive isotopes such as Cobalt-60 to produce the penetrating
 
radiation required to treat bulk commodities such as stored
 
grain. We are all aware that chemical and physical pest control
 
agents are increasingly being subjected to public scrutiny,

especially those products or processes that carry the slightest
 
suspicion of causing carcinogenic effects either during or after
 
treatment of the product. Thus, it appears that progress in the
 
application of radioactive isotopes for the direct treatment of
 
Infested grain will continue at a slow pace.


Accelerated electrons is another form of ionizing
 
radiation which has possibilities for the control of pests in
 
stored foods. This form of radiation is characterized by low
 
penetration, high power and high dose rate. Cornwell and Bull (4)

added an addendum to their paper t describe the advantages of
 
electron accelerators over Cobalt-60 gamma radiation for the
 
disinfestatlon of stored grain. Few workers, however, have taken
 
up the challenge of Investigating electron machines for insect
 
control. The main emphasis has been on Investigations of radia
tion produced by Cobalt-60. It Is only recently that workers at
 
the University of Mexico modified a Van de Graaff electron
 
accelerator and incorporated It Into a small-scale pilot plant
 
for the irradiation of infested maize (3). This paper describes
 
further studies of the use of an electron accelerator for the
 
control of insect pests of stored foods.
 

MATERIALS AND METHODS: The pilot plant was designed for irradia
tIon of Infested maize at a rate of 200 kg/hr. The radiation
 
source was a Van de Graaff accelerator which produced electrons
 
with energies up to 1.5 MeV; a beam current of 30 pa was used.
 
The electrons were accelerated Inside a vacuum line and emerged
 

278
 



as a beam of electrons which were scanned or defocused by a coil
 
system along the horn extension at frequencies of I to 50 Hz.
 

The flow of grain from the storage tank Into the
 
Irradiation zone was regulated by valves adjusted to irradiate a
 
single layer of grain. A sloping wire screen caused the maize to
 
tumble during irradiation to facilitate uniform bombardment by

electrons. Dose was determined by adjusting voltage and beam
 
current at various flow rates. 
The maize was moderately infested
 
(45-75 beetles per kilogram) with Sitophilus oryzae, S. zeovais,
 
and S. granarius; S. granarius predominated. Samples were sifted
 
at weekly Intervals to determine survival of adults.
 

The pilot plant was modified to determine the suscepti
bility of three strains of the red flour beetle, Triboliwn
 
castaneum (Herbst), collected from a silo, a granary, and a
 
laboratory culture. The insects were irradiated 
in groups of 25
 
enclosed in 3 mil polythene envelopes, 4 x 5 cm. Four replicates
 
were used for each Irradiation dose. They were introduced into
 
the irradiation zone by means of a pulley system operated by
 
remote control.
 

After Irradiation, the insects were placed in vials,
 
each containing 25 grams of whole wheat flour and corn flour
 
(1:1) and stored In a cabinet at 27.50C, 65% R.H.
 

Irradiated eggs of a laboratory strain of T. castanewn
 
were retained in the envelopes to observe the date of hatching.

The newly emerged larvae were then transferred to the flour
 
medium. Larvae, pupae and adults were transferred to flour
 
Immediately after irradiation and stored at 27.5'C, 65% R.H.
 
Controls were subjected to the same handling procedures. Insect
 
development and survival 
were assessed at weekly intervals for 8
 
weeks.
 

RESULTS: Survival of adults from infested maize at various times
 
after irradiation was a function of the applied dose (Fig. I).

The 3 krad dose was Ineffective because larvae and pupae formed
 
adults after 6 weeks. After 4 weeks, doses of 15 and 25 krad
 
suppressed emergence In most samples but 6 weeks was required for
 
complete control at both these doses.
 

Experiments on the susceptibility of three strains of
 
T. castanewn to irradiation showed variable results at 7 krad and
 
15 krad (Fig. 2). At 7 krad, the silo strain was less affected
 
by Irradiation after 3 and 5 weeks than the granary strain or the
 
laboratory strain. At 15 krad the granary strain was less
 
susceptible than the other two strains at 3 and 5 weeks after
 
irradiation. At 25 krad all 
3 strains were equally susceptible.
 

T. castaee n eggs, 0-2 days old, were highly susceptible

to irradiation. Only 34% hatched and formed adults at 
I krad; no
 
eggs hatched at 3 krad or at higher doses. About 74% of eggs In
 
the untreated controls hatched and formed adults.
 

T. castaneum larvae were less susceptible than eggs.
 
98% of those irradiated at 3 krad formed adults and survived
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(rig. 3). The numbers that formed adults and survived at higher
 
doses were Inversely proportional to the applied dose. At
 
15 krad, larval development was completely suppressed. Studies
 
with pupae Indicate that they are more susceptible than adults to
 
electron Irradiation.
 

At 5 krad, 94% of irradiated T. castaneum adults
 
survived for 8 weeks (Fig. 4); at 10 krad, 45% of the adults
 
survived for 8 weeks; and at 15 krad only 2% survived for 8
 
weeks. Irradiation of adults at 25 krad resulted in complete
 
mortality after 4 weeks. None of the adults irradiated at 5 krad
 
to 100 krad produced viable eggs.
 

DISCUSSION: The pilot plant studies have shown that accelerated
 
electrons are effective In controlling infestations of Sitophilus
 
spp. In maize irradiated at a dose of 15 or 25 krad. However, a
 
dose of 25 krnd is required for complete control of Tibolium
 
castanezen adults. Since T. castaneum adults are the most resist
ant stage, all other stages would also be controlled at 25 krad.
 

Differences were observed at 7 krad between a silo
 
strain of T. castaneum as compared to a laboratory and a granary
 
strain, both of which were equally susceptible at 3 and 5 weeks
 
after Irradiation. At 25 krad all strains responded similarly.
 
Shlpp (5) found thar wild strains of T. castaneum were more
 
susceptible to gamma irradiation than laboratory strains but he
 
did not consider that this would result in any serious control
 
problems at dosages that would be used for control purposes.
 
Brower (6) reported that the response to gamma radiation of a
 
DDT-malathion resistant strain of T. castanewn was similar to
 
that of a susceptible strain. Our results showed that although
 
differences among strains may be apparent at low doses, such
 
differences may be of no practical consequence at doses of
 
25 krad which have been suggested as being suitable for control
 
of stored product insects in wheat and 'lour (7).
 

Two factors have limited the use of ionizing radiation
 
for Insect control. First is the apparent high cost of Installa
tion and operation; secondly, are restrictions that may be Imposed
 
due to possible quality changes in the irradiated product. Both
 
of these factors have adversely influenced the widespread accept
ance of Irradiation for the direct control of stored grain
 
Infestations.
 

Comparisons have been made between Cobalt-60 and
 
electron radiation (4). Although various authors have reported
 
little difference in the biological effacts of radiation produced

by gamma rays, x-rays and electrons (8), we have, in fact, found
 
that up to 4 weeks after irradiation at doses of 7 and 15 krad,
 
electrons are less effective than gamma rays against Sitophilu8
 
spp. (3). However, at 25 krad both types of radiation were
 
equally effective 6 weeks after treatment.
 

It would appear that a commercially viable operation
 
uslng a Cobalt-60 installation would require the use of an
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Irradiation facility on a continuous basis (4). Furthermore,
 
since the half-life of Cobalt-60 is 5.3 years, the source would
 
have to be brought up to strength about every 10 months to
 
maintain a satisfactory throughput (4). Since gamma radiation Is
 
attenuated In the grain medium according to the inverse square
 
law, a lattice system or a series of baffles Is usually employed
 
to provide a uniform dose to the grain as it passes near the
 
source to prevent either underdosing or overdosing. Alternative
ly, a conveyor system must be used with the object of exposing
 
all parts of the grain to the radiation source.
 

By contrast, an electron accelerator produces a beam of
 
high energy electrons which are magnetically scanned and diffused
 
In a scan horn before emergence into the air or material to be
 
Irradiated. Because electrons have weaker penetrating powers
 
than gamma rays, the material to be irradiated must be passed in
 
front of the scanning horn in a thin layer that is no greater
 
than 0.4 to 1.26 cm thick, for beam current energies of I to
 
3 MeV (9). Taking into consideration the power losses, the
 
utilization efficiency is estimated at 45-55% (9).
 

Electron machines such-as the Radio Dynamics Incorpo
rated Dynamitron have throughputs of the order of 200 to 400
 
metric tons per hour which compares with the handling rates of
 
commercial elevators. The unit requires less shielding than a
 
Cobalt-60 source and installation is therefore less expensive.
 
An important advantage of an electron accelerator over Cobalt-60
 
Is that the equipment can be switched off when not in use to
 
reduce radiation hazard and permit maintenance.
 

Operating costs of the Dynamitron for 7,000 hours per
 
year are calculated at 17 cents per ton as opposed to 25 cents
 
per ton for Cobalt-60 for a throughput of 200 tons per hour (10).
 

If It is assumed that corn is crth $100 per ton, a
 
daily throughput of 3200 tons per day (i.e., 16 hr/day operation
 
at 200 tons/hr) would move $320,000 worth of corn. Assuming
 
losses of 2% without treatment, a fairly conservative overall
 
figure, the daily losses would be $6,400 or $1,664,000 per year
 
(for 260 days operation per year). The total annual cost of
 
operation of the accelerator including depreciation, for 1975 was
 
calculated at $235,000. If this is adjusted to $300,000 for
 
1978, the cost/benefit advantage would be about 5 to I.
 

With regard to possible quality changes in grain caused
 
by Irradiation, there is a great deal of evidence already avail
able to suggest that there are no deleterious effects (II).
 
Scientists at the Institute of Physics, National Autonomous
 
University of Mexico are presently collaborating with nutrition
ists at the University to determine possible changes In vitamins
 
and amino acids of irradiated grain.
 

We are also mindful that the irradiation of Infested
 
grain does not solve all problems. Th grain musi be stored in
 
uninfested bins, ships' holds or containers to protect it from
 
further Infestation until it reaches Its final destination. This
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Implies that Insecticides and good sanitary practices must be
 
employed to supplement radlatlon disinfestation of the grain. We
 
are confident that in Identifying and recognizing the limitations
 
of Ionizing radiation, we may be In a better position to deter
mine 	Its proper role for the control of Insects In stored grains.
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INTRODUCTION: Fungi are known to cause various types of deterio
ration and pose hazards to the life of animals and man whenever
 
they Infect stored plant products. Fungal deterioration can be
 
defined as any change resulting from the activities of fungi which
 
renders a product unsuitable for its intended use or reduces the
 
economic value of the material. It Isalso desirable to include
 
those activities of microorganisms which may result in an increase
 
of processing costs or which may affect amenity value (1). Re
search on stored food crops in most countries has concentrated
 
more on insect than on fungal deterioration (2). This ispartly
 
because most stored prcduct insects are visible to the naked eye
 
and the damage they cause is usually conspicuous and quantitative.
 
However, fungi, especialy moulds, do cause various types of de
terioration of crops and hazards to the life of animals and man
 
whenever they infect stored food products. These have been ex
tensively discussed in many reviews especially by: Christensen
 
(3T; Christen~en and Kaufmann (4); Hiscocks (5)Raymond (6); and
 
Eggins and Coursey (7). Th- various types of deterioration will
 
be mentioned and discussed briefly here.
 

TYPES OF FUNGAL DETERIORATION OF STORED PRODUCTS:
 
1. Discolouration. Fungi, especially the microscopic
 

species known as "moulds" cause discolouration of produce. Since
 
they themselves are in different colours - green, yellow, black,
 
brown, etc. - they impart these colours on the produce where they
 
grow and thus change the appearance of such produce.
 

For instance, BotryodipZodia thcobromae was responsible
 
for the disease of discolouration of groundnuts widely known as
 
"concea led damage" inAlabama while Macrophomina phaseoli caused
 
"black nuts" in Gambian groundnuts (8,9). Discoloured produce
 
Is disliked by manufacturers and consumers for a number of reasons.
 
For Instance, Inthe Hand-Picked-Selected (HPS) groundnuts in
 
Nigeria, the more discoloured kernels present, the greater the
 
task of picking them.
 

Before the 1950's the cause of discoloured grains was
 
not precisely known. For example wheat instorage sometimes de
velops dark germs, and In the grain trade these were called "sick"
 
wheat, a poor term, since such seeds are dead, not sick (3).
 
Later, studies by Christensen (10) revealed that fungus mycelium
 
were usua!ly abundant on such discoloured embryos. Tuite was
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able to reproduce these symptoms by Inoculating wheat
 
grain with moulds, under conditions favourable to their develop
ment. Discoloured grains disfigure the prepared flour by appear-

Ing as unsightly specks Inside it.
 

Christensen and Linko (11) obtained samples of wheat
 
from commercial bins and stored these In the laboratory with the
 
same moisture contents as the samples had when received. There
 
was progressive increase in percentage brown or damaged germs as
 
moisture content increased. Colonies of Aspergillus sp. per gram
 
of grain also increased proportionally.
 

Although the micropyle is the common place for infection
 
to begin, fungi, bacteria and actinomycetes can develop In any
 
other region of the grain or fruit causing abnormal colouring,
 
either locallsed or generalised.
 

2. Destruction of Viability. One reason why agricul
tural produce is stored is to use as seed for the next crop. Fungi
 
kill the viability of seeds by Infecting and destroying their
 
embryo. There is a considerable body of evidence to Indicate that
 
Invasion of seeds by storage fungi can drastically reduce the
 
germinability of the seed.
 

Tuite and Christensen (12) stored samples of barley seeds
 
of 19.4% moisture content at room temperature, some of the sam
ples made free of storage fungi and others inoculated with storage
 
fungi. After 15 days the sample inoculated with storage fungi
 
germinated 72% whereas the sample free of storage fungi germinated
 
98%. They stated, "All of these species of the A. gaucus group
 
as well as A. candidus and Penicillium sp. invade various parts of
 
the seed, including the germ, and directly cause or contribute to
 
reduction in germination."
 

Qasem and Christensen (13) adjusted corn free of fungi
 
to different moisture contents, Inoculated some samples with
 
various storage fungi and left others uninoculated. They stored
 
the samples at several temperatures and periodically tested them
 
for germinability. The samples Inoculated with Aspergillus candi
dus and stored at 18% moisture content and 25°C for 4-1/2 months
 
germinated 9%, the controls germinated 94%.
 

Lopez and Christensen (14) stored corn at 19-20% mois
ture co..tent and 200-250 C, some samples free of fungi, others
 
Inoculated with different isolates of A. flavus. After 74 days,
 
the samples free of fungi averaged 97% germination, and those
 
Inoculated with A. flavus averaged 13%.
 

Broadbent (15) found samples of mouldy maize from Govern
ment farms in Southern Nigeria having germination of 7-14% while
 
the mould free samples had 100% germination (Table I).
 

3. Abnormalities in Growth. Groundnut and maize seed
 
contaminated with A. flavus produce deformed plants. The infected
 
young groundnut plants have a greatly decreased growth. Leaves
 

289
 



are of a much clearer green than normal. The folloles develop
 
poorly and are elongated in form. During growth, a large number of
 
sick plants die. Others are continually abnormal In appearance,
 
while some evolve Into normal plants.
 

4. Effect on Flavour and Odour. Mouldiness spoils the
 
flavour of stored produce and also that of the product manufactured
 
from It. Mouldy raw or fried groundnuts have very unpleasant, sour
 
taste when consumed and these are usually spit out from the mouth
 
as soon as chewed.
 

Effect on flavour is the most objectionable character
 
developed by mouldy cocoa beans and manufacturers claim that
 
amounts as low as 4% mouldy beans can be detected by taste in a
 
sample of chocolate which has passed through all the normal
 
manufacturing processes (16).
 

Mouldy produce also has a bad odour ranging from the
 
musty odour of mouldy grains to the foul smell of rotting grain or
 
tubers.
 

5.Biochemical Changes. The development of moulds leads
 
to great modification in the chemical composition of the Infected
 
produce. One of the most important effects is an increase in free
 
fatty acid (F.F.A.). This acid is one of ihe intermediate products
 
of spoilage in materials that contain fats or oils and the charac
teristic odours and flavours of these fatty acids are what make
 
partially spoiled fats rancid. It has also long been known that
 
deterioration of stored grains is accompanied by an increase in
 
fatty acids. This is because many species of moulds produce
 
lipases which could hydrolyse fats into fatty acids by the process
 
called Lipolysis, thereby increasing the F.F.A. content of the
 
produce. This makes the oil difficult to refine. Sometimes limits
 
are set for amount of F.F.A. permissible in exportable oilseeds
 
and products. In palm kernel trade it is 4.75%, and for every 1%
 
above this amount there is a financial penalty of 0.75% per ton.
 
Moulds also lead to a reduction in the amount of oil extractable
 
from the oilseeds.
 

Many instances of deterioration of oilseeds were reviewed
 
by Eggins & Coursey (7). These include the work of Barbosa (17)
 
who showed that total losses of oil content and increases on FFA
 
of stored 9roundnuts In Portugal were associated with the growth
 
of fungi, Ii particular, Aspergillus flavus.
 

Ward and Diener (18) found that Aspergillus gqaucus gp.,
 
A. tcmrii and Penicillium citrinum cause lipolysis of groundnut 
oil and reduction in the oil content. 

In Nigerian groundnut crop, high acidity of around 5%
 
occurred before 1954 due to high proportion of broken kernels
 
which were easily attacked by moulds. The Introduction of shelling
 
machine raised the proportion of whole kernels from 30% to 70% and
 
this reduced the acidity to less than 1%. With a harvest of
 
700,000 tons, this represents a saving of aboutjl million (6).
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Coursey and Egglns (19) Isolated a number of moulds from
 
palm oil and showed that many of them increased the F.F.A. of
 
palm oil in pure culture studies. Sheridan (20), Coursey and
 
others (21) and Kuku (22) Isolated a number of lipolytic fungi
 
from Nigerian palm kernels.
 

Some work on the effect of moulds on the biochemical
 
property of maize has also shown tho~t the F.F.A. Is always in
creased. Nagel and Semeniuk (23) inoculated corn with pure cul
tures of nine species of fungi, separately and together. The
 
moulds Increased the FFA content of the grains to varying extents
 
from 74.8 units to 384 units.
 

Goodman and Christensen (24) -, iltures of four
 
species of fungi Isolated from mouldy cor- - P.:n.ciZZian solit, 
Aspergillus ftavus, A. candidzs, and A. .t=c&"zi - on cornmeal 
to which the oil originally extracted had again been added. All 
caused an initial increase in fatty acids in the meal containing 
oil. In these tests the fatty acids were produced as a result of 
fungus lipases acting upon the corn oil.
 

The development of moulds on produce causes other modi
fications; generally an increase in reducing sugars and a loss in
 
protein, which may lead to flours unsuitable for breadmaking.
 
Moreover, mouldy rice grain breaks easily during polishing. If
 
we preserve damp grain in an anaerobic environment, fermentation,
 
release of carbon dioxide, alcohol, and other volatile substances
 
occurs. The compounds formed give a disagreeable taste, which
 
remains even after drying in the open air.
 

6. Rotting and Caking. Direct spoilage such as rotting
 
of yams and caking of maize is usually caused by extensive mould
 
Infection and damage of these products during storage. Studies by

Okafor (25), Ogundana (26) and Adeniji (27) have shown that a num
hbr of funai (AsperqMillus niger, Bot nodiplodia theobromae, Fusarizim 
moniZifbrme., Hecdr1uonlca toruZo,,dca, !!aci~ophom7ia phaseoli, Peni-
Cillirn oxaliazon and P. scldrotigenzun) caused rotting in Nigerian yams. 

Studies carried out by several workers, among whom are
 
Okafor (28, 29) Broadbent (15, 30), and Oyeniran (31, 32), showed
 
that over 30 mould species can be associated with the deteriora
tion of maize in Nigeria. Some of these cause the rotting and
 
caking.
 

7. Absolute Weight Loss. Attack by moulds does cause
 
an absolute weight loss in stored products. A dry matter loss of
 
12% was found in Fijian copra during a 14 days' storage due to
 
attack by moulds (6). There Is also a weight loss when grain Is
 
stored, an estimated possible world loss due to this cause was
 
about 1% (32). The loss In the tropics must be much higher.
 

Nagel and Semenluk (23) found that fcur of the nine
 
moulds they tested Induced marked organic matter losses in maize.
 
The greatest loss (approximately 40%) was induced by Aspergillus
 
flavus, A. niger, Penicillien chrysogenum In a 4-week period.
 
Losses of 20.1%, 14.5%, 11.9%, 10.4%, and 6.4% in the same period
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were Induced by A. candidus, Peniciliwn pallitans, P. ruguloswn,
 
fucor racenosus, and Aspergillus amstelodami, respectively. 

8. Heating. When large quantities of damp grain are
 
preserved, we sometimes notice great Increases In temperature
 
within the mass; this phenomenon Is known as heating. This phenom
enone was reported by Okafor (29) who recorded a temperature of
 
680C In a mouldy maize stack in Nigeria. Many other instances of
 
heating of grains during storage were reviewed by Christensen and
 
Kaufmann (4) and heating in bulk storage is an evidence of spoil
age in progress or spoilage already completed.
 

9.Preparation of the material for attack by other agents.
 
Mould damage in stored products prepares such materials for attack
 
by other agents of deterioration, especially insects and mites.
 
It is difficult in many foods to separate the deterioration due to
 
Insects from that caused by fungi, but that the two are interre
lated Is In no doubt. What is in that doubt sometimes Is the
 
exact sequence of events and the relative damage cuased by the
 
two agents (6).
 

Christensen and Hodson (34) showed that both Insects and
 
fungi are associated In their deterioration of grains and each
 
enhances the activity of the other. Slkorowski (35) reviewed the
 
whole subject and pointed out that storage insects can live, de
velop, and reproduce entirely on certain fungi and they undoubtedly
 
play an important part as carriers in the spread of fungi.
 

10. Production of Mycotoxins. Toxin production is the
 
most serious effect of microbiological deterioration of stored
 
products. A number of fungi are known to produce toxic metabo
lites Into the stored products on which they grow, so that when
 
these products are consumed, they cause diseases known as mycotoxi
 
coses. This is a wide subject on which very much has been written
 
(36, 37, 38, 39, 40, 41). Some notable examples of mycotoxicoses
 
are: 

(I) Ergotism, a disease of cattle In Central Europe caused
 
by CMaviceps purpurea
 

(ii) Facial ecaema of sheep In New Zealand caused by
 
PNthomyces chartarum
 

(ili) Yellow rice disease of man in Japan caused by Peniciliwn
 
citrinum, P. isiandicwn, and P. citreoviride
 

(Iv) Alimentary toxic aleukla (ATA of man and cattle caused
 
by &sariwn sporotrichiodes, F. poae, and F. tricinctum 

(v) The complex known as mouldy corn toxicoses caused by
 
Penicilliwn rubrum, Chaetomiumwqloboswn, Aspergilus ochraceus, 
and other moulds.
 

(vi) Lastly and most significantly, Aflatoxicosis of poultry 
and livestock caused by Aspergillus fZavus. 

This last mentioned toxin disease, Aflatoxicosis, has
 
been receiving world-wide attention since 1960 when It was reported
 
to have caused the death of about 100,000 turkeys In Britain (42).
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These turkeys were fed with meals containing a particular batch
 
of Brazilian groundnut cake which was infected with AepergilMus
 
flavus. The toxic substance was therefore called AFLATOXIN. Our
 
studies In Nigeria have revealed the presence of aflatoxin In
 
Nigerian groundnuts and livestock feed maize, hence the need to
 
take extremely good care of these products during storage (Table I).
 

Table I. Germination and seedling vigour of the mouldy maize
 

Seedling height (cm)
Germination : 

% Minimum: Average: Maximum 

Control maize 100 18.0 30.3 38.0
 
Seed maize
 
Sample I 13.5 5.0 16.6 33.3
 
Sample 2 : 7.5 9.0 18.9 32.5
 

FUNGAL DETERIORATION OF VARIOUS STORED PRODUCTS
 
I. Cocoa. Early studies on the deterioration of stored cocoa
 

by moulds were carried out on Nigerian cocoa by Laycock (43) and
 
Passmore (44). However, more detailed studies were carried out on
 
Ghanaian cocoa by Bunting (45, 46) and Dade (47) and 12 fungi were
 
isolated from cocoa.
 

In recent years, studies by Broadbent (48), Oyeniran

(49, 50, 51, 52), Oyeniran and Adeniji (53) on Nigerian cocoa have
 
confirmed earlier work and amplified the knowledge on this subject.

A total of 32 fungi, the more important of which are indicated In
 
Table II, have been isolated from stored cocoa beans. These were
 
found to enter cocoa beans at different stages from preharvest to
 
storage. For Instance:
 

(I) Before harvest - B. theobromae, Fusarium spp., Macro
phoma sp., and jlindrocarpon tonkinense, enter the beans before
 
harvest.
 

(Ii) During fermentation- mostly the thermophilic Aspergillus 
fwnigatus, Mcor pusillus, P. varioti. 

(Ill) During storage - As a result of insufficient drying,
 
wetting, or moisture absorption, P. citrinum, P. steckii, Asper
gillus ruber, A. chevalieri, A. penicilloides, and A. candidus.
 

The identification of the problems associated with cocoa
 
at these four stages do help Immensely to devise control measures
 
which are largely applicable in all cocoa growing areas of the
 
tropical world.
 

2. Groundnuts. Most of the groundnuts exported from Nigeria
 
are grown in the drier northernly areas of the country, which some
 
others are from areas of higher humidity and rainfall which border
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Table II. Some toxic moulds and their toxins
 

Mould Toxin
 

Anmranita phaZloides Pha Ioldin 
AspergilZus chevalieri: XanthccIllin 
A. flavus : Aflatoxin 
A. furigatus : Gliotoxin
 
A. nidutans : Ster~gmatacystin
 
A. ochraceus : Ochratoxin 
A. orjzae : Maltoryzine 
Fusariwn grarnear2un : Xea alenone 
Penicilliwn citrinm : Citrinin 
P. cyclopiutm : Cycloplazonic acid
 
P. frequentcms : Citromycetin
 
P. islandicn : Islanditoxin 
P. notatuim : Xanthocillin
 
P. rubrwn : Rubratoxin 
P. 2UgUlosum : Cltreovirldin 
P. toxicarium : Citreoviridin 
P. urticae : Prtulin 
Pithomyces chartarm : Sporidesmin 

the Niger and Benue Rivers (54). Small quantities are also pro
duced inthe Southern parts of the country but these are entirely
 
for local consumption. The problems of fungal contamination of
 
groundnuts inthe main growing areas of the Horth were extensivel/
 
studied by McDonald and Harkness between 1961 and 1965 following
 
the discovery of aflatoxin ingroundnut feeds inU.K. in 1960 (42).
 
Their studies revealed that Aspergilus flZazw contamination of 
groundnuts was caused mainly by slow drying after the pods were 
mature. Further studies revealed the presence of other fungal 
species such as Botryodiplodia theobromae, Macrophomina phaseoli, 
and Fusariwn solani in s',elIs and kernels incertain conditions
 
(54, 55, 56).
 

These authors made recommendations as to the time of
 
lifting and windrowing the groundnut plants as well as when to 
pick the pods during drying. Badly discoloured,broken pods or
 
kernels were to be destroyed.
 

The mould deterioration of groundnuts during storage and
 
marketing were studied by Broadbent and others. They found that 
out of 74 market samples of groundnut examined, only 8 were mould 
free. Most others had less than 2% internally mouldy kernels
 
though some had over 10%. Average internal mouldiness was 2.1%.
 
The degree of internal mouldiness was related to level of moisture
 
content of the samples. Two important factors were thought to
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Influence these moisture contents; there was moisture absorption

during storage and marketing. This was more pronounced during the
 
wet season months. Initial under-drying of many samples mainly of
 
local harvest was also found to be responsible. Seventeen mould
 
species were Identified, mostly Aspergillil and Penicillia, the
 
most Important of which are Maorophominc phaseoi, Aspergillus

ruber, AspergiZlus chevalieri, Aspergillus penicilloides, Asper
gillus constelodami, B. thobromae, and A. flavus. 
 The preponderance

of A. glaucus group and A. penicilZoides confirmed the suggestion

that the nuts absorbed moisture during storage (57). Halliday (58)

had earlier observed such uptake of moisture by bagged groundnuts

in Southern Nigeria. 
Most of the moulds isolated from groundnuts

are known to be toxigenlc or lipolytIc. Sheridan (20) had pre
viously Isolated 10 moulds, all Aspergilli from groundnuts In
 
Nigeria and found 9 of them to be lipolytic.
 

3.Palm produce. (a)Palm oil. Palm oil Is normally traded
 
inworld markets on a contract basis of 5% free fatty acid, con
signments with higher or 
lower values being debited or credited
 
respecTively at a certain rate per ton per percentage of F.F.A.
 
content. 
While free fatty acids may arise from purely chemical
 
processes, Coursey and others (19, 
21, 59) have shown that llpo
lytic -oulds are the main cause of F.F.A. production InNigerian

palm oil. Mould deterioration of palm oil by lipolysis probably
 
occurs between the time the palm fruits are harvested and the oil
 
Isexpressed and also during storage of the oil obtained. Deteri
oration occurs at the former stage because the harvested palm

fruits are usually stored for several days or even a week or two
 
before oil expression. The purpose of this storage period isto
 
allow the fruits to become less firmly attached to the bunches, so

that they can be more easily removed for oil expression. The
 
bunches are often split into sections and sometimes sprinkled with
 
water-both practices which apparently help to loosen the fruits
 
(60, 61) and are normally left In heaps, often under palm fronds.
 

Not surprisingly, these conditions also greatly favour

the growth of moulds. For Instance, Broadbent and Kuku (62)'found

that six batches of palm fruit examined at this stage all showed
 
some visible mouldiness, inone case only four days after harvest.
 
Wilbaux (63) and Simmons (65) found that palm oil 
from mouldy

fruits had a much higher F.F.A. content than that from mould-free
 
fruits. Coursey and Eggins (19) 
 isolated nine different moulds
 
all with lipolytic ability from palm fruits.
 

Mould deterioration of palm oil during storage had
 
also been studied by Coursey and others (19, 21, 59). All these
 
studies confirmed that Increases InF.F.A. content of palm oil
 
was largely attributable to the lipolytic activity of the Infecting
 
moulds.
 

(b)Palm kernels. Sheridan (20), Coursey and others (21)

reported on the moulds Infecting palm kernels during storage In
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Nigeria, and 13 species were identified, eleven of which had lipo
lytic effect on the palm kernel oil. Later, Eggins and Coursey
 
(59) also recorded three thermophilic moulds - Caetomiwn thermo
phile, Penicillium emersoni, and Therwomyces ibadanensis from a 
stack of palm kernels which was heated up to 601C. These authors
 
also confirmed by analysis that higher F.F.A. content was always
 
obtained from palm kernels which were internally mouidy. Riley
 
and Simmons (65) showed that the F.F.A. content of Nigerian palm
 
kernels awaiting shipment for export was shown to be related to
 
their mould content. Detection of such a correlation despite the
 
masking effects of other factors suggests that moulds may play a
 
dominant role in the production of F.F.A. in Nigerian palm kernels.
 

More recently Kuku (22) with Adeniji (66) and with
 
Broadbent (62) have studied into detail, the various stages at which
 
mouldiness of palm kernels occurs and the factors encouraging such
 
mouldiness. Such factors include overriping of the palm fruits
 
before harvest, non-heating process of extraction of palm oil from
 
palm fruits, abandoning palm kernels in heaps at very high moisture
 
contents and of course moisture absorption by the shelled kernels
 
during storage. Thirty-seven mould species have been isolated
 
from palm kernels .inNigeria and some of these are indicated in
 
Table Ill.
 

4. Maize. Maize is probably the Nigerian cereal which
 
Is potentially-most liable to post harvest mould deterioration, for
 
not only is it grown mainly in the more humid areas of the country
 
but the first crop, which provides about 80% of total production Is
 
harvested during the rainy season. In some areas, harvesting may
 
coincide with a short break in the rains, but even so weather con
ditions greatly retard both pre- and post-harvest drying of the
 
maize.
 

Mould deterioration of maize can be considered in rela
tion to the method of storage. Storage of the maize on the cob
 
especially In open-sided cribs allows the maize to dry gradually
 
but effectively enough to keep mould Infection at check. However,
 
demand by livestock Industry in recent years has forced producers
 
of maize into shelling them soon after harvest at moisture con
tents of 22-25% (67) and selling them to traders or livestock
 
farms who store them as such. Mould deterioration of such batches
 
of maize had been observed on several occasions. Okafor (28, 29)
 
reported on the microorganisms causing deterioration of a stack of
 
maize which was extensively damaged and heated up by the activl
ties of these organisms. He recorded such mesophilic organisms as 
Fusarium moniliforme, Aspergillus flavus., and Rhizopus arrhizus, 
and thermophilIc fungi - Thermomyces lanuginosus, Mucor pusillus, 
and a Rhizomucor sp. 

Broadbent (15, 30) and Oyeniran (31, 32) did extensive
 
work on post harvest deterioration of maize In Nigeria. They have
 
found that up to 30 mould species are responsible for this and they
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Table III. Some'fungal species and the stored products from 
whi ch they -were I solated In Nigeri a, 

Stored products from
 
which they were Isolated
Fungal species
 

:Ground-: Palm

Cocoa nuts "kernels: Maizenut Yams:kenel.•
 

Absidia corymbifera : + + 
Aspergillus camstelodami : + + 
Aspergillus candidus : + + 
Aspergillus chevalieri 
 : + + + +
 
Aspergillus flavus : + + + + 
Aspergillus fumigatus 
 : + + + +
 
Aspergillus melleus + 
 +
 
Aspergillus niger : + + + + 
 + 
Aspergillus penicilloides : + + 
Aspergillus restrictus : + + 
Aspergillus ruber : + + + 
Aspergillus tamarii + + + + + 
Aspergillus terreus + + + 
Aspergillus versicolor • + + + 
Botryodiplodia theobromae 
: + + + + 
Rsariwn moniliforme + + + 
Fusarium semitectwn + 
Fusarizn solani + + 
Hendersoluna toruloidea : + 
Macrophomina phaseoli + + 
Mucor pusillus : + + 
Paecilomyces varioti : + + +. 
Penicitlium citrinwn : + + + + 
Penicillium decumbens + + 
Penicillium frequentans + + 
Penicillium oxalicum + 
Penicillium steckii + + + 
Penicillium variabile + + + 
Rhizopus arrhizus + + 
Syncephala strum racemosum: + + + 

Infect Improperly dried grains as well as grains stored In condi
tions where they can absorb moisture, The most Important species
 
are shown In Table IlI. Aflatoxin contamination Is also a prob
lem In maize because Aspergillus flavus Is the most prominent
 
species Infecting the grains duringj storage.
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5. Yams: Yams are stored In Nigeria In two basically
 
different way--as the fresh tuber or as processed, dried yam. Con
siderable losses often occur during tuber storage.
 

Coursey (68, 69, 70) suggested that losses of 10-20%
 
after 3 months storage and of 50% or more after 6 months may be
 
usual in Nigeria. One of the main causes of these losses is micro
biological rotting of these yams during storage. The incidence of
 
rotting in stored tubers has been studied by several workers (25,
 
27, 68, 71, 72) and seems to vary considerably with locality, stor
age method and time, yam species and even individual tubers.
 
Coursey (68) for example, found that sometimes less than 5% of
 
tubers showed rotting after storage for 4-5 months, while inothers
 
it was up to 50-70%. As already noted, rotting usually leads to
 
considerable weight losses; Adesuyi (72) for instance recorded a
 
weight loss of about 30% after 14 weeks' storage.
 

While both moulds and bacteria have been implicated in
 
the deter!oration of stored yams (25), only the former have been
 

Isolated from deteriorating yams, Twenty-four of these were tested
 
for their ability to induce rotting under experimental conditions
 
(25,27) but only eight had this dbility. It is interesting, al
though not unexpected, that all the moulds so far isolated are 
hydro- or mesophilic. Members of the Asper2gilZus glacus group, 
for example, are absent. 

Ogundana and others (73) have begun to Identify the
 
anatomical and biochemical changes which accompany rotting. They
 
have found that infection by four moulds previously isolated from
 
rotting yams (B. theobromae, P. scierotigenum, A. niger, and F.
 
moniliforme) in each case caused clearing of the starch grains
 
within cells and a dlslntegration of the cell walls. Their blo
chemica! studies showed that the moulds decreased the carbohydrate
 
content (starch especially) of yam discs and produced extracellular
 
pectic and cellulolytic enzymes In culture.
 

6. Dried yam.S: Mould deterioration of dried yam has not
 
been seriously Investigated. However, some preliminary Investiga
tion was done by Broadbent (74) on his observation of sacks of yam
 
slices heavily Infected by moulds. Mouldiness was most evident on
 
the broad cut surfaces of the slices and was enough to give these
 
areas a blue-green appearance Instead of the normal whitish colour.
 
Microscopic examination showed that mouldiness was mainly due to
 
members of the Aspergillus glaucus group, mainly A. repens, A.
 
chevalieri, and A.ruber. Other species occasionally Isolated
 
Included A. ftavus, A. tamarii, A. niger, A. clavatus, A. melleus,
 
Penicillium citrinum, and Rhizopus arrhizus. It Is probable that
 
the slices were prepared during the wet season and that drying was
 
sufficiently slow and incomplete to allow the growth of both meso
philic and xerophillc moulds. This conclusion Is supported by the
 
results of a moisture content survey of market yam slices in
 
Ibadan (75) where high moisture contents were obtained when new
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yam slices arrived In the markets. Increases of 2-3% were also
 
recorded In the moisture content of the old yam slices during the
 
wet months as a result of moisture up-take by the yam slices.
 
Mould deterioration of yam slices especially by xerophilic species
 
may be more serious than has hitherto been thought.
 

7. Processed cassava (garl): Gari prepared from Cassava
 
roots Is a very common staple foodstuff in Nigeria. It is one of
 
the foodstuffs which have microbiological problems only during the
 
storage. The process of preparation Involves frying the stuff at
 
high temperatures which would have killed all the previous micro
organisms. After preparation however other fungal spores Infect
 
the gari and most of them cause the spoilage in the form of dis
colouration, caking, and off-flavour. Halliday and others (76),
 
Adeniji (77), Opadokun (78), and Oyeniran (79) have shown that
 
gari is susceptible to mould contamination during storage and each
 
author has isolated and identified a number of mould species from
 
samples of gari under various storage and marketing conditions.
 
Some of these are shown In Table Ill. Adenljl (77) experimentally
 
confirmed that majority of the moulds earlier Isolated from garl
 
could individually cause the deterioration of the foodstuff. How
ever, Opadokun (78) did not detect aflatoxin from any of the sam
ples he examined, even though Aspergillus fLavus, the aflatoxln
 
mould, was one of the fungi isolated.
 

The most Important factor encouraging mould contamina
tion of gari is the high Initial moisture content or Increase in
 
moisture content during storage. Halliday and others (76) and
 
Oyenlran (79) found that the gari on sale In the markets at certain
 
times of the year had moisture contents much higher than the safe
 
level of 12.7-13.6%. They also found that the mould deterioration
 
of gari of high moisture content is much higher when stored in air
tight condition such as sealed polythene bag than In hessian, while
 
gari of very low moisture contents can keep safe In sealed poly
thene. The setup of free fatty acid In the oil used In the yellow
 
gari was also suspected to occur.
 

CAUSES OF FUNGAL DETERIORATION OF STORED PRODUCTS:
 
I. Important Role of Moisture. The primary cause of
 

fungal deterioration of stored products Is moisture, which as we
 
all know Is an essential pre-requisite for microbiological actlvi
ty. Moisture in stored produce is divisible into two main types:
 
the chemically bound water which is part of the Intrinsic composi
tion of the commodity Itself and physically bound water, some of
 
which is loosely held onto the commodity. Moisture content of
 
stored produce therefore refers to the physically bound water (80).
 

However, it Is not the moisture content as such that is
 
the controlling factor In biological deterioration; It Is the
 
Relative Humidity (R.H.) of the air within and around the commodity.
 
This is the ratio In percentage of the weight of water contained
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In a sample of air at a given temperature to the weight of water
 
which would be contained In that sample If It were saturated at
 
the same temperature.
 

Biological activity occurs only In the presence of mois
ture and limits of R.H. can be specified within which biological
 
agencies causing deterioration can develop.
 

Germination occurs at 95% R.H. or over
 
Bacteria grow at 90% R.H. or over
 
Fungi grow at 70% R.H. or over
 
Mites infest at 60% R.H. or over
 
Insects infest at 30-95% R.H.
 
Even though R.H. is the controlling factor, attention Is
 

usually focussed on the moisture content because R.H. of produce
 
Is difficult to measure while moisture content is not. Both are
 
related and from a measurement of the moisture content of a com
modity, the equilibrium R.H. can be deduced.
 

It is known that microbiological aztivity is reduced to
 
a minimum at R.H. 70% or less. SevenTy nercent R.H. has therefore
 
been regarded as a "safe" limit and cc'modities with moisture con
tents in equilibrium with R.H. 70% are relatively safe from micro
biological deterioration.. Such moisture contents for a few com
modities are shown in Table IV.
 

Table IV. 	Moisture content equilibrium (at 270C) values of
 
produce at relative humidity 70%
 

CmiMoisture content

:i 
 percent
 

Maize 13.5
 
Wheat 13.5
 
Sorghum 16.0
 
Millet 16.0
 
Paddy 14.0
 
Cowpeas 13.5
 
Beans 15.0
 
Groundnuts (shelled) 7.0
 
Cottonseed 10.0
 
Cocoa beans 7.0
 
Copra 5.8
 
Palm kernels 5.7
 
Garl (white) 12.7
 
Garl (yellow) 13.6
 

From: Hall (81) and other sources.
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Moisture plays Its role In causing microbiological deteri
oration In some specific ways.
 

(I) Condensation and moisture migration - In bulk grain
 
storage bins, condensation occurs on the Inner side of the top

during cool weather especially at night following hot weather dur
ing the day. Warm air will move from the warm centre of the bulk
 
and when it gets to the cool grain near the surface or at the side,
 
condensation will occur and some wa+er wl! 
 be formed wh~ch will lead to
 
mould attack setting in. The moisture wiUl continue to move
 
'gradually' Into the bulk of grain causing further damage.
 

(ii) Leakage - Wherever there is a leakage in the storage
 
structure it is possible for water to drip 
into the commodity
 
stored and thereby cause deterioration.
 

(iil) Hot spots - This is an interesting phenomenon In bulk
 
grains. It is usually started by a concentration of insect activity

which causes heating, sometimes to considerable temperatures. When
 
the hot air from such a pocket moves to cooler grains, condensation
 
occurs and moulds and bacteria develop round the pocket of groins.

The microorganisms increase the temperature of the pocket and when
 
the area becomes too hot for the insects, they move out, causing
 
further damage.
 

(iv) Moisture absorption - Most stored products are hygro
scopic, that is, they will 
exchange moisture with the atmosphere
 
of storage until an equilibrium is reached. This means that when
 
stored in an atmosphere of high relative humidity, literally,

'damp atmosphere,' dry produce will gain moisture. Therefore the
 
relative humidity of storage is essential. An occasional check is
 
necessary on the moisture content of produce stored 
in atmospheres
 
with fluctuating relative humidities. It is also possible for
 
produce stored in bags to absorb moisture through the floor if
 
placed directly on the floor of the store.
 

(v) Mechanical or other damage - When produce is mechanically
 
damaged or wounded by other agents such as Insects or rodents, they

become more liable to mould attack which automatically begins on
 
the wounded or damaged surface or spot. This is because such ex
posed surfaces are damper and act more or less like a culture
 
medium for moulds to grow. It is a common feature of all stored
 
produce - grains, tubers, cocoa beans, groundnuts, etc. This is
 
the reason why some storage moulds are found on grains at harvest,
 
In addition to a few field fungi which naturally attack them at
 
that stage.
 

2. Other causes: Other causes that are not directly
 
linked with moisture content can briefly be mentioned.
 

(I) Preharvest Infection - Produce destined for storage is
 
sometimes Infected by moulds before harvest. 
 Most of the species

of fungus involved at this stage are field fungi while a few stor"
 
age fungi also come in especially following natural or artificial
 
wounds. Some examples are attack of cocoa beans by Botryodiplodia
 
theobromae and other moulds, attack of groundnuts by Macrophomina
 

301
 



phaseoli, and attack of maize by Fusarium monilifone and
 
Penicilliwn citininum. 

(1i) Attack during preparation: Moulds attack some produce
 
during the process of preparation of such produce for the market,
 
as a result of some lapses in cultural practices. For example,
 
during cocoa fermentation, moulds infect and penetrate the beanb
 
if the fermenting mass of beans is not stirred or mixeu thoroughly
 

at intervals during the process. In palm produce, moulds attack
 

the fruits and sometimes the kernels when they are heaped on the
 
ground just before dehusking. In groudnuts the crop has to be
 
lifted at certain times to avoid mould contamination.
 

CONTROL OF FUNGAL DETERiORATION IN STORED PRODUCTS:
 
I shaIl just run through s: me of ins ideas that have 

been suggested on control of fungal deoierioration of stored 
products beiefly. For this purpose a distinction can be made 

between produce that is stored dry - such as grains, pulses, cocoa, 
groundnut.s, palm kernels, etc., and those which are stored with
 
high water content, such as yams. However, some of The measures 
suggested will certainly apply to both types. 

(A) Dry produce: For produce that can be stored dry, the 
important thing is to get the produce dry (that is to safe mois
ture content), as soon as possible after harvest and keep it dry
 
during storage. This can be achieved by:
 

I. Either retaining maize, millet, quineacorn, etc., on the
 
cob or head and store in a condition where gradual drying by heat
 
or aeration takes place such as the ventilated crib. Otherwise
 
provide artificial drying if storage as shelled grains Is desired.
 
The rachis tends to afforu some protection to the grain when
 
unshelled.
 

2. Cool artificially - or sun-dry produce before bulk stor
age to avoid roisture formation and migration. For the same rea
son sufficient shades should be provided for metal silos to pre
vent fluctuations in temperature inside the grain bulk.
 

3. If possible, store dried produce in airtight conditions
 
to keep away from fluctuating atmospheric relative humidity which
 

could lead to increase in moisture content, e.g. store In polythene
 
bags, or polythene-lined sacks, airtight warehouses.
 

4. Prevent pockets of heavy insect activity which could lead
 

to localised moisture increases and mould growth in bulk of grain
 
by proper application of insect-control measures.
 

5. Avoid mechanical and other types or damage on produce
 
before storage.
 

6. Keep away produce from wetting and moisture absorption.
 
Store produce away from walls and use dun.iage for bagged produce
 
stacked in stores to keep them off the floors.
 

Other me-hods of controlling deterioration of dry produce
 
are:
 

I. Preharvest infection - Sort out and discard produce which
 
bear evidence of pre-harvest mould infection. They serve as rich
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sources of fungal Inoculum for otherwise healthy produce when
 
stored together Inthe same structure.
 

2. Use of fungicides - In the case of stored grains not
 
destined for consumption some fungicides such as captan, benomyl,
 
thlabendazole, borax, etc., have been used to control fungal
 
attack. Their use has been limited because of the toxicity.
 

3. Addition of chemical preservative agents - The addition
 
of antiseptics to foodstuffs allows for better preservation under
 
certain conditions. The utillsation of these products Issubject
 
to regulations inmost countries.
 

Examples of such chemical preservatives are: Proplonic
 
acid, sorbic acid, glycerol, sulfur dioxide, and benzolc acid.
 
Their use inmany instances has also been limited to livestock
 
feeds.
 

4. Other methods of control - Other methods by which fungal
 
development in stored products can be controlled are refrigeration,
 
Irradiation, and storege under Inert atmosphere. These methods
 
are not widespread because of the cost and high technical expertise
 
required to use them.
 

(B) Storage of tubers: Storage of tubers poses problems
 
different from those of grain or other dry produce, because it Is
 
important to maintain a high water content. Storage of yams must
 
L- with good ventilation and high and low temperature extremes must
 
be avoided.
 

It Is important to handle healthy tubers carefully to
 
avoid bruising. Application of wood ash or whitewash to bruises
 
was reported to decrease rot, and Coursey (65) observed the bene
ficial effect of powdered lime milk and copper oxinate on the
 
incidence of weight losses recorded during storage.
 

Ogundana and others (73) found benomyl and thiabendazole
 
effective in reducing the activities of fungi incausing yam rot
 
during storage, but these chemicals are rather toxic. Research Is
 
currently In progress at the Nigerian Stored Products Research
 
Institute on the use of safer fungistatic chemicals to preserve
 
yams against microbiological rot during storage. Adesuyl (72)
 
successfully stored yams for, up to six months by use of curing
 
method, cutting of sprouts from healthy undamaged tubers, use of
 
low temperatures and Irradiation techniques.
 

CONCLUSION: I have Inthe foregoing paragraphs highlighted the
 
role of fungi in the deterioration of stored products as well as
 
made brief mention of the knowledge of the problem as derived from
 
studies by various workers. It Is pertinent to say here that the
 
knowledge is far from complete and experts should still endeavour
 
to find complete solutions to the various aspects of the problem,
 
as the struggle of man against the menace of microorganisms
 
continues.
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THE DETERIORATION OF COMMERCIAL MAIZE (ZEA MAYS)
 
BY INSECTS AND FUNGI
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INTRODUCTION: Maize, Zea-mays L., isa staple food among millions
 
of Nigerians. When fresh, maize Iseaten boiled or roasted. When
 
dry, It is made into porridge (akamu, ogi) or into a white solid
 
(agidi, eko). Because the moisture content of fresh maize at the
 
time of harvest in southern Nigeria ranges from 22 to 32% between
 
May and July, maize thus stored becomes mouldy. Insect infestation
 
of the grain Is further aggravated by rodents during storage and
 
distribution. Inaddition to biochemical changes which insect
 
infestation causes to stored grains, discolouration and myco
toxicosis often result frow fungal attack.
 

Most earlier data on losses in stored grains have come
 
from laboratory studies. This paper, however, examines the
 
changes caused by insects and moulds to maize during storage and
 
distribution inopen markets in the hope that the findings will
 
draw the attention of farmers and distributors to improved drying
 
methods, better handling and distribution systems; while to the
 
consuer an awareness of quality in his choice of foods.
 

MATERIALS AND METHODS: Maize on the cob was purchased from three
 
major open markets in Ibadan, inMay 1978. Ibadan was chosen
 
being a cosmopolitan city and a major distribution centre for
 
foods in southern Nigeria. Apparently uninfested cobs were then
 
separated from the infested.
 

I. Physical measurements
 
(I) 	Insect population. From each market sample 20 subsamples
 

each of 5 cobs were examined and the total number of
 
adult Insects recorded.
 

(Ii) Kernel damage. The cobs from (i)above were shelled and
 
mixed thoroughly and the number of damaged kernels/lO0 of
 
grain was recorded In20 subsamples.
 

(III) 	 Viability of the maize was determined inapparently clean
 
as well as In Infested grains from each market by observ
ing the emergence of hypocotyl in 5 subsamples each of
 
20 grains of clean and 20 of infested maize placed on
 
moistened Whatman No. I filter paper in a petri dish at
 
27±10C.
 

(iv) Mould types. Five samples of clean, and 5 of Infested
 
maize each of 20 grains were put on moistened Whatman
 
No. I filter paper In petri dishes, covered, and
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Incubated under the near ultraviolet light to hasten
 
sporulation. Mycelial growth was observed and spores
 
Identified.
 

2. Biochemical measurements
 
(I) Free fatty acids. Infested and apparently clean maize
 

grains were ground separately. From each separate por
tion 6 samples of 5 g were analysed for free fatty acids
 
according to the method of the American Association of
 
Cereal 	Chemists (1962).
 

(i) 	 Reducing sugars. Soluble carbohydrates were determined
 
by the method of the Association of Official Agricultural
 
Chemists (1950) while sucrose was extracted using the
 
modified anthrone method of Firby et al. (1973).
 

(ili) 	 Uric acid was determined according to Eichhorn et al.
 
(1961).
 

RESULTS. In the commercial maize samples examined, Sitophilus 
oryzae (L.) and Sitophilus zecrais ,otschulsky accounted for 92% 
of the total insect population while Triboliwon castaneim(Herbst.) 
and Rhizopertha dominica (F.) accounted for 6 and 2% respectively. 
In Table I percentage kernel damage increased with insect Infestation 

TABLE 	I.
 

Insect population, kernel damage and viability in commercial samples 
of maize 

Insect Kernel Viability (% Germination)
Market Population Damage Apparently Infested 

clean 

Sango 48.2 41.0 100 26
 

Dugbe 36.4 35.5 	 94 36
 

Oja Oba 15.4 23.5 	 98 50 

of the grain. Free fatty acids In infested maize was 4.5 mg. KOH
 
per 100 g grain compared with 1.3 mg KOH per 100 g in the apparently
 
clean samples. True uric acid content (mg./i00 ml) was 2.05 In
 
infested samples. Insect-infested maize grains were also found to
 
contain moulds belonging to the genera Aspergillus, Penicillium,
 
Rhizor:s, and Fusarium in a descending order of prevalence.
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DISCUSSION AND CONCLUSION. Insects and fungi Inagricultural com
modities have often caused quantitative loss In addition to un
desirable changes. Advanced technological means for detecting

Insect Infestations of grains have received wide attention. 
 How
ever, apart from the prohibitive cost of Introducing such tech
nology to developing nations, the need for its 
use at present is
 
questionable since a large proportion of agricultural produce

contains readily observable Infestations.
 

This study shows that maize sold on open markets in
 
Ibadan had physical damage and reduced viability. Increase in fat
 
acidity value in the commercial samples showed that the oily

material 
In the maize must have suffered oxidative degeneration
 
leading to rancidity during storage and distribution.
 

Uric acid, a major component of Insect excreta, has
 
been used as an index of insect Infestation of grains (Coombs,

1973; Subramanyan et al., 1955) although creatinine, guanine and
 
allantoin may also be present. 
 It has, however, not been reported

whether storage fungi produce uric acids in fungal-infect-d stored
 
produce. It can thus be reasonably assumed that the increase In
 
uric acid in the commer ial maize sold in Ibadan is probably due
 
only to insect attack. The presence of small quantities of uric
 
acid In the apparently clean samples could have been due to un
detected insect infestation. Purine and 
 adenine also presumably
 
come only from insect infestation. Therefore the low value of
 
1.3 mg KOH/I0O g must be explained by undetected infestation In
 
the "apparently clean" samples. 
 On open markets in southern
 
Nigeria, maize cobs with apparent insect infestation are usually

sorted from the bulk before sales hence the overall mean percent
age insect population, kernel damage, and biochemical changes will
 
be higher than we have observed.
 
, 
 In addition to the already observed Infestation, the
 

lipolytic properties of the infecting moulds may have contributed
 
to the Increase in fat acidity value in the infested maize.
 
Increase In fat acidity value is a useful 
measure of deterioration.
 
For example, Pingale et al. (1954) recorded a rise of 44, 46 and

49 mg KOH per 100 g of wheat Infested by three different Insects
 
compared to 19-37 mg KOH per 
100 g in uninf-sted wheat.
 

Although Insect activity in stored grains which results
 
in heating and increased grain moisture encourages the growth of
 
fungi, 
stored products Insects can also be responsible for the
 
introduction and dissemination of storage fungi in a produce

(Agrawal et al. 1957, 1958). Mycol'oxicosis especially by the
 
Aspergitls group t~as 
been a major cause for concern (Forgass
 
et al. 1959; 1966) hence fungal attack of maize meant for con
sumption becomes very important If we consider that porridge, a
 
popular weaning diet all over the country which is also a major
 
light meal for adults comes from maize. 
 It Is In the light of this
 
that farmers and distributors of maize must consider seriously Im
proved maize drying methods, and better handling and distribution
 
systems to obviate a possible threat to health.
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INTRODUCTION: Storage of fresh yam tubers (DiosCo2ea spp.) has
 
been very difficult over the years. Losses of between 30 and 50%
 
have been recorded after six months' storage (I). In order to
 
minimize this loss during storage of fresh yam tuber, a fair pro
portion of it is processed and stored in form of dried yams. Ap
proximately 20-25% of the total yams harvested inthe Oyo State
 
of Nigeria are used for the production of dried yarns. For this
 
purpose, the fresh tubers are peeled, sliced or whole small tubers
 
used. They are steeped in very hot water for a few hours and
 
sundried. Ithas been reported that the moisture content of the
 
dried yam inthe market was between 12 and IQY (2)depending on
 
the time of production, while the safe moisture content for long
term storage is 15.8 percent (3). Dried yams are stored through
out 	the year. The driod yams are later milled. The flour is
 
reconstituted with boiling water to form a paste or dough locally
 
known as "amala." It is a very popular dish inthe western part
 
of Nigeria. Yams that will not normally store well as fresh
 
tubers e.g. tubers of poor quality and badly damaged yams during
 
narvesting or handling are those processed to dried yam chips.
 

MATERIALS AND METHODS: The Investigations on the problems of
 
insect infestation on stored dried yam chips InNigeria were
 
carried out Inthree parts.
 

I. 	Establishing the magnitude of the problem
 
2. 	Identifying the causes and classifying them Into their
 

orders of Importance
 
3. 	Studying the infestation pattern of the major insect
 

pests
 
Establishing the magnitude of the problems: The
 

materials used were four bags of newly prepared dried yams and
 
another set of four bags of dried yams from the previous year
 
that had been stored Inthe depot for about six months and can
 
be termed old stock. The frass and dirt Inthe old stock were
 
removed.
 

Each bag was weighed at the beginning of storage. The
 
two sets of dried yams were stored together In a clean store.
 
This was to simulate the normal conditions of storage both by
 
farmers and traders. The moisture content of each set of the
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dried 	yams were taken using ground samples in triplicates by
 
heating in a ventilated oven at 104.5'C for 4.5 hours. Five
 
dried 	yams from each bag were selected at random and the number
 
of holes due to Insect damage counted. The number of holes per
 
treatment 	was recorded. After four and a half months, the final
 
weight of 	each bag was taken and the moisture contents determined.
 
The loss in weight was recorded In percentage having corrected
 
for moisture content. The number of holes due to insect damage
 
per treatment wos also recorded.
 

RESULTS: The weight loss In the newly dried yam was 29.5% and
 
in the old stock 39.2%. The average number of insect holes per
 
dried yam in a random sample of the twenty dried yams per treat
ment was 0 initially and 21 finally for newly dried yams, and
 
3 Initially and 26 finally for old dried yams.
 

Causes of the loss in weight: In the same trial, all
 
insects present were sieved and identified. This gave an Idea of
 
the causes of the losses over the period of storage. The number
 
of each live insect found das recorded. A survey of insect pests
 
on products In the same store and adjacent to where the dried
 
yams were bought was carried out. This was to establish any
 
possibility of cross-infestation.
 

Results: Table ' shows the species of insects Identi
fied on each set of dried yams and the number.
 

TABLE I. 	Insect species identified on new and old dried yams and
 
number of each species after 4-1/2 months' storage
 

:No. on newly No. on old
 
Insect species 	 dried yams : dried yams 

I. Dinoderus porcellus (Lesne) 	 >50 >50 
2. Sitophilus zecmais (Mots.) : >50 >50 
3. Tribolizwn castaneum (Herbst) : >50 >50 
4. Araecerus fasiculatus (Deg.) : 40 43
 
5. Lasiodema serricOrne (F.) 	 21 24 
6. Cpyptolestes pusillus (Schn.) 	 7 6 
7. Callosobruchus maculatus (F. ) 	 3 4 
8. 	 Carpophilus di;,.ldiatus (F.) var. : 3 2 

contingens WIk. 
9. Taneroclerzus buqueti Lef.. 	 2 4 
10. 	Parasitic Hymenoptal'a spp. : - -

Indet. 
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D. porcellus, S. zecais, T. castancwn, and A. fasi
culatus were the most important in terms of the number present.
 
A. fasiculatus was more in practice than recorded because the
 
pest is more active than the other major pests and generally
 
escapes by flying away during assessment. It Is doubtful if the
 
others occur more frequently in reality than A. fasioulaus.
 

Classification of insect pests into order of importance:
 
The four insects already identified to be of major
 

Importance in terms of number present were investigated for order
 
of importance. Twenty undamaged dried yams of similar sizes were
 
sterillsed at 1040C for one hour in an oven and cooled. They
 
were later conditioned to the same moisture content In a desicca
tor at 75% relative humidity for one week with a saturated
 
solution of NaCI. Two dried yams were weighed into each of ten
 
kilner jars. The kilner jars were covered with screw caps and
 
fine gauze. The gauze was also covered .ith black khatman filter
 
paper gummed to the cover of the jar to prevent contamination by
 
other insects, mites, and psocids (4).
 

Five adults each of D. porcCZlzis, T. oata2e,, S. zea
mais, and A. fasiculatus taken from the insect culture maintained 
in our laboratory were carefully droDped into different kIlner 
jars. Each treatment was duplicated and the extra t..io kilner 
jars with no insects were used as control. 

They were kept at room temperature for ten weeks. At
 
the end of storage damage to the dried yams was assessed by count
ing the number of holes bored by the Insects cn -:)em. The frass
 
due to insect damage was collected and weighed. The moisture
 
contents of the dried yams were determined in triplicates by heat-

Ing ina ventilated oven at 104.50C for 4.5 hours.
 

RESULTS: The results in Table III show that D. porcellus Is the 
most important of all the major Insect pests of dried yams during 
storage, followed by S. zeamais, then T. castanewn and least, 
A. fasiculatus.
 

The infestation pattern of the major Insect pests:
 
A survey was conducted in the main market to assess
 

the monthly condition of the dried yams on sale throughout the
 
year.
 

Five samples of five pieces of Gried yams each were
 
randomly chosen every month from different parts of the main mar
ket at Ibadan which serves as the main depot for the product. The
 
number of insect holes !n each piece of dried yam was counted and
 
the average recorded. The Investigation started in October when
 
new dried yams were being brought to the market. The Insect
 
species found In the samples were Identified and the number
 
recorded.
 

The major Insect pests collected in descending order of
 
frequency In terms of number are as follows:
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TABLE II. Record of insects on products inyam stores and
 

adjacent stores
 

*. 	 . .~-o - . 

Product:D por-:S. :S. :Tr. cas- :L. ser- .A.fasi2- :c. macu-

Beans: - + + + + _ 	 +
 

Rice : + - + .... 

Maize + + - + + + 

Guinea: 
 + + - + + + + 
corn 

TABLE III. 	 Number of holes and weight of frass produced by each
 
insect species
 

Average wt.
Insect : Average No. : of frass : % moisture
 
species : of holes :produced (gm) content
 

D. porcellus : 251 12.05 15.3 

T. castaneum 	 6
: 	 0.22 15.2
 

S. zecanaia : 4 0.31 15.2 

A. faoicuUatus 	 2 0.10 15.3 

Control 	 : 0 0.00 15.2 

I. Dinodcrus 	porcellus Lesne 
2. Araecerus fasLcu'4atus Deg. 
3. Sitophilus Mots. spp. 
4. Tribolixi castaneum (Herbst) 

From Table IV itwould be seen that dried yams are unin
fested from October to March. Infestation starts from April and
 
gradually becomes more serious until August. 
The condition tends
 
to Improve InSeptember when new dried yams start coming
 
Into the market.
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Table IV. Monthly average number of insect holes per
 
dried yam throughout the year
 

No. of Insect holes
Month 

per dried yam
 

October 0 
November 0 
December 0 
January 0 
February 0 
March 0 
April 6 
May 13 
June . 15 
July : 17 
August . 25 
September . 18 

DISCUSSION: The problem of insect infestation on stored dried
 
yam chips InNigeria is very 3erlous resulting in a weight loss
 
of between 30 and 39 percent after 4-1/2 months' storage. The
 
insect damage on the dried yams increased from 0 to over 20 holes
 
per dried yam Inthe same period. This does not show any improve
ment over storage losses of stored fresh yam tubers for which
 
processed dried yam was supposed to be an alternative. The prob
lem with stored fresh yam tubers Is mainly physiological and
 
microbiological with little or no insect problem.
 

The causes of the substantial weight and quality loss
 
of stored dried yam have been identified to be insect pests. The
 
method by which the product is displayed for sale and packed
 
predisposes itto cross infestation by insect pests of other
 
products on sale inthe same shop or adjacent shops.
 

The fact that dried yams on sale inthe market are
 
unirfested from the farms and not until after March in the mar
kets confirms that the infestation is due to cross infestation
 
from other products in the market. There istherefore a need to
 
prevent cross infestation inthe market by not overfilling the
 
jute sacks being used for storing the drle, yans as is the
 
practice at present. Overfilling the jute bags exposes a great
 
proportion of the drie. yams at the open end of the jute bags
 
because It is impossible to sew up the bags properly. Secondly,
 
the use of polythene lined jute bags will prevent any penetration
 
by Insects while the jute bag will protect the polythene bag from
 
rough handling and subsequent damage.
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Loss In weight can be reduced substantially If the

primary pests, D. porcelltu and S. zecnais are prevented because
 
they especially D. porcellus Initiate the damage before other
 
insects become Important. This explains why at the early stages

of Infestation, D. porcellus was most predominant over other
 
Insects which presumably keep off because they cannot Initiate

damage. D. porcellus is able to cause damage to the dried yams

because it belongs to the family Bostrlchidae whose members are
 
characterlsed by the presence of powerful jaws with which they
 
can cut directly Into wood or other vegetable materials. S. zea
mais also possesses a pair of stout mandibles or jaws and there
fore is able to cause damage to the dried yams.


The results of 
this work show that pest control measures
 
on dried yams, especially the use of insecticides, are not neces
sary until April. Farmers or traders who exhaust their stock

before April 
need not control insects under the existing method

of storage but should adopt preventive measures discussed earlier.
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EFFECT OF TRICALCIUM PHOSPHATE ON
 
TYROPHAGUS PUTRESCENTIAE (Schr.) (Acari: Acaridae)
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Many insect pests of stored food products are known to
 
be sensitive to tricalclum phosphate contained in their diet.
 
Sitophilus oryzae L., Stegobin panicezan (L.) and Trogoderma 
gra zzriw Ev. reared on food supplemented with 3% Ca3 (P04 )2 
produced adults, but the second generation was less numerous and 
produced smaller larvae and adults which weighed less than un
treated insects. Inhibition of the development of Tribolitun 
castanem Herst,, Sitophilus o02qzae L. , Cadrc cautella W., 
Callosobruchus chzinensis (L. ), Laemophlous minutus 101. ), and 
Orjzaephilus Curiwvnensis (L.) was observed when they were fed 
on foods with 2-3% Ca3 (P04 )2 (Majumder 1974, Highland 1975, 
Lawson 1972, Press et al. 1972). In scrne species an increase in 
mortality was noted and in others the reproduction potential was 
reduced with a decrease in numbers of F, offspring. Increased 
numbers of moultings and deformations of external and internal 
organs of treated insects were often also observed (Majumder 1974). 

Shaver (1974) found that tricalcium phosphate caused an
 
Irreversible dehydration of the insects' body. He found rapid
 
mortality of all active stages of various insect species that were
 
in contact with the compound.
 

Until now the effects of this salt have nct been studied
 
on stored product mites.
 

This study was supported by a M. Sklodowska-Curie grant
 
(FG-Po-360-JB-28).
 

MATERIALS AND METHODS: The fecundity and longevity of mites were
 
determined for 25 pairs. Young, virgin mites were paired and
 
placed separately in rearing cages with ground wheat germ. The
 
reaction coefficient Wr upon fecundity was calculated with the
 
formulIa:
 

Wr 
= ND 
. 100
 
Nk where Nn = average number of eggs in the
 

test and Nk = the average numbe. of eggs In the check. The
 
longevity of virgin females and males was determined in each case
 
for 100 adults kept In 40 cages (5 virgin females or males inone
 
cage) with ground wheat germ mixed thoroughly in agate mortar
 
with various concentrations of the salt. The time of development
 
of one generation and mortality during development were compared
 
starting with 50 eggs in each cage (5 cages each with 10 eggs).
 

The contact action of Ca3 (PO4 )2 was tested on 25 mites
 
of consecutive stages kept in cages with a 0.5 -1.0 mm layer of
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the s3lt on wheat germ. LT50 and LT95 were defined. Cultures
 
were usually kept at 85% r.h. and 250C.
 

RESULTS AND DISCUSSION: The effect of Ca3(P04 )2 mixed with food
 
upon fecundity, longevity and time of development Is presented In
 
Table I. Itwas found that the addition of the salt affected the
 
fecundity but at a 6% concentration was lower than the check only
 
by 23.2%. The Inhibitory effect Increased both In P and Fl, gene
rations with the duration of feeding of females with salt
containing diets. Generation time was then extended by 2.2 
-

3.9 days with very low mortality during development. Mites of
 
the F1 generation, usually more sensitive to the addition of
 
salts to their diet, also reacted only slightly to the addition
 
of Ca3 (P04 )2 . The effect of higher concentrations of tricalcium
 
phosphate on fecundity and on egg viability and mortality during

development, is shown in Figure I. A 50% reduction in fecundity
 
compared with the check was found at 
18.0 - 21.0% concentrations.
 
When salt was applied in higher concentrations, it affocted the
 
adult mite longevity. At a 1.5% concentration, egg laying females
 
lived 15.8 days longer while at 6% concentration the longevity was
 
decreased by 22.2 days when compared to check. Males on diets
 
with a concentration greater than 1.5% also lived for shorter
 
periods of time.
 

This salt also affected the longevity of virgin mites.
 
At all concentrations, the longevity of males was shorter and
 
females longer than the checks. Males of the FI generation lived
 
16.3  40.7 days longer than t:,ose In the check, while the females'
 
longevity compared favourably with females living on untreated
 
wheat germ.
 

Only at 30.0 to 31.b% concentrations was lower egg

viability observed. At concentrations of 18.0 to 21.5%, the
 
fecundity was 50% lower and at 31.5% concentration, it was 83.9%
 
lower than the check (Figure :).


Even at very high concentrations 9.0 to 31.5%, this
 
salt did not appreciably affect mite mortality during development
 
(i.e. 14.0%).
 

The contact action of tricalcium phosphate on various
 
stagos of T. putrescentiae is presented InTable II and Figure 2.
 
Within 10-15 minutes after the mites were placed into the rearing
 
caqes with the salt, they were excited and triad to escape from
 
the cage. They did not feed at all. After 0.5 to 1.0 hours of
 
contact with the compound, the bodies of the mites were covered
 
with particles of the salt and many mites were already dead.
 
Dead mites had stretched bodies ari legs. The inert stages--eggs,
 
larvae and nymphs--were resistant to the salt, and progressed to
 
the next developmental stages. As shown in the data, the younger

developmental stages--larvae and protonymphs--were more sensitive
 
to the contact action of the salt. 
Females were the most resistant.
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No. ot eggs
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1140
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20_ 216
 

Figure 1. Effect of Ca
3(P04)2 at doses 1.5 - 31.5%
 
on fecundity of T. putreeaentiae (from-to, averages)
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TABLE II. Effect of tricalcium phosphate on consecutive 
stages of 2Vrophagus putreeoentiae and A6aru
eiro/contact action/hours 

Species and stage 
 : LT50 : LT95
 

T. putresoentiae
 

Larva 

0.75 
 .1.00
 

Protonymph 

2.05
 

Tr tonymph 

1.15 
 3.70
 

Male 

1.15 3.40
 

Female 

1.25 4.00
 

A. siro
 

Larva 

0.75 
 2.10
 

Protonymph 

0.80 
 1.70
 

Tr Itonymph 

1.10 
 2.25
 

Male 

. 1.20 3.25
 

Female 

1.20 
 3.75
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Figure 2. Contact action of Ca3(P0
4 )2:
 
mortality of various stages of T. putresaentiae
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However, the differences between consecutive developmental stages
 
were 	not very great. The LT50 ranged from 0.75 to 1.25 hours and
 
the LT95 from 1.0 hour for larvae to 4.0 hours for females.
 
Screening tests made for 7 other species of related acarid mites
 
(Table Ill) showed that T. putrescentiae was the most resistant.
 
The LT50 and LT95 were usually lower for females and males of
 
other species of mites. No significant differences were found In
 
the sensitivity of adult mites as related to age and temperature
 
(10-280C).
 

CONCLUSIONS: 
 In contrast to Insects, the effect of tricalcium
 
phosphate added to the diet of copra mites in concentrations of
 
1.0-6.0% was only slight In both P and FI generations. The fe
cundity, longevity, and mortality of the mites were only slightly,
 
if at all, affected. Reduction of the fecundity by one-half was
 
reached at a salt concentration as high as 18.0% in the diet.
 
Mortality during development and egg viability were practically
 
not affected until the concentration of the salt reached 31.5%.
 

Tricalcium phosphate showed very strong con+act action
 
on T. putrescentiae causing 100% mortality of all active stages
 
of the mites after 3-5 hours. Inert stages were resistant. Its
 
action was of a physical nature, causing scratching and wax
 
absorbtion of cuticle.
 

Related species of acarid mites living in stored food
 
products were still more sensitive to the contact action of the
 
salt tnan T. putrescentiae.
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TABLE III. Contact action of tricalcium phosphate on females
 
and males of acarid mites/hours/
 

Females 

Species
 

LT50  LTT
 

T. putrescentiae 1.25 
 4.00 


T. casei 0.80 1.40 


T. sinilis 1.10 1.80 

T. palmarwn 0.75 2.60 

T. Zongior 0.55 3.75 


T. neiswcmderi 0.95 1.45 

A. siro 0.80 1.70 


T. entomophagus 0.75 
 1.60 


Males
 

50  LT95
 

1.15 3.40
 

0.75 1.10 

0.75 1.30 

0.75 2.10 

0.65 5.10
 

0.75 1.45 

0.75 2.10
 

0.70 1.20
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AN UNUSUAL MORTALITY OF SITOPHILUS ZEAMIS MOTS.
 
CAUSED BY SITOTROGA CEREALELLA (OLIV.)
 

IN MIXED LABORATORY CULTURES
 

J. N. AYERTEY
 
Department of Zoology
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INTRODUCTION: Laboratory observations made on a series of mixed
 
species cultures of the maize weevil, Sitophilus zecnais
 
Motschulsky and the Angoumois grain moth Sitotpoa ccrealella
 
(Olivler) cultured on maize shewed that 
. ,C',,ais eliminated
 
S. cereazlcll from all the mixes cultures. -owever S. ,ecanais

suffered a high initial mortality which affected its initial
 
growth 
in all the mixed cultures (Figure I). In the 30 experimental

jars 
In which the two species were cultured together, the mean
 
mortality of S. 
earaie recorded 30 toys after the beginning of
 
the experiment amounted to 418. 
 The w'rtality of S. zacxaal cul
tured alone in similar jars arounted to 3nlv 7j during the sare
 
period. This difference was surprisir.ly hiqh (F <.01) and a
 
series of Investigations were 
carried out to deter,-ine the cause.
 

EXPERIMENTAL: Source of experimental insects: S. 2eaw',ais an',

S. cerealeiTa used in these experiments were from stocks originally

maintained on whoat for about 
10 yr at the Pest Infestatlor Control
 
Laboratory in SI: ,:h, 
U.. These were subsequently subcultured on
 
maize for about 2 yr in ths same laboratory herr this work was
 
carried out. The maize was imported fro, &-L , ud as far as could
 
be ascertained had not been treated chemically. All the cultures
 
and experiments were maintained in
a Constnt Teanperature and
 
Humidity room at 300C and 70V r.h.
 

Staie of S. cercaleia causingr'rtal ity of S. ;ea:aio:

In the culture jars in which the unusual mortality of S. zeamais
 
was observed, the culture jars were 
not examined until 30 days

after they had been set up, 
by which time both species had com
pleted a generation and adults had begun to emerge. 
 In order to

determine the developmental staqe of S. ceracZ>x' that killed the
 
S. zeamais, another mixed culture was 
started and observed weekly

for 4 weeks. Resulls obtained in this experiment showed that the
 
significant weevil mortality occurred during the first week
 
(Figure 2) suggesting that adult moths killed the woevi Is. Further 
Investlgations showed that neither physical contact oetween 
S. zeamais and 5. cerealella nor a continuous presence of
 
S. cerealeZla in the experimental jars for 2-4 weeks was necessary

for weevil death. The latter implies that weevil adults that
 
survived the 'moth effect' during the first week survived
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Figure I. A comparison of the initial population growth of
 
S. zecanais cultured alone (single) or with
 
S. cereaZelZa (mixed) using 10, 30, or 50 adult 
weevils. (The high initial iiiortality of S. zeamais 
is illustrated by the drop in growth recorded
 
during the first week of census).
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Figure 2. A comparison of the mortality of S. zeanais 
in single and mixed cultures with S. cereaZella
 
maintained over a four week period. (Scales
 
exaggerated to emphasise differences inmortality)
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subsequently, although they did not pass on this ability to their
 
offspring. In all the above Investigations, weevil mortality
 
varied considerably between different replicates. Itwas also
 
observed that older weevils succumbed more readily to the moth
 
effect than younger weevils (Figure 3).
 

30 

20 

0 

10
 

10 

1 2 3 4 5 

MAX. AGE IN WEEKS 

FIGURE 3. Effect of S. cerealeZla on different age groups of 
S. zewnais 
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Investigations into the effects of moth scales or a
 
possible moth secretion on weevil adults: In the experiments in 
which S. zecunais and S. cerealella were placed together on maize 
grains, the weevils were in direct contact not only with the 
bodies of moths which died during the period but also with their 
body scales which they shed into the culture medium. 
 If such dead
 
moths and moth scales killed the weevils by hampering their
 
movement, itwould explain why mortality fell after one week of
 
exposure as most of these were removed by sieving at 
the first 
count. On the other hand when S. zecv,:zis and S. c:Tealclia were 
physically separated by placing the former in tubes before being

placed in a moth culture jar, weevil morfality was again high

although scales and dead moths were excluded. In all cases the
 
high weevil mortality was confined only to the first week of 
exposure. It was necessary therefore to deterriine more precisely
whether S. zcczis was killed by moth scales or by a secretion 
released by S. cereaZella. 

About 25 g of maize was placed in each of 16 half litre
 
glass jars grouped into 4 lots of 4 jars each. Eight batches of
 
200 freshly emerged S. cerealilla adults were counted and each
 
batch placed in a jar of maize for 3 days and removed by suction
 
after sheddina their scales in the food .mediumn. At the same time
 
about 
1000 freshly emerged 7. . .ZZ als were confined in a 
litre jar for about 2 h during which they also shed their scales 
because of the intense crowding. Four batches of 200 moths each 
from this latter group were also nlacea in jars of maize for 3 
days and then removed by suction. 'Ioths in this group were 
referred to as 'rubbed' as they were placed on grain with most of 
their body scales already shed. The remaining 4 jars of maize 
were not seeded with moths and served as controls. 

Twelve lots of 100 S. zeczmai adults aged about one week 
were counted and placed on the above maize grains as follows:
 
Four lots were placed in the 4 control jars (D), another 4 lots
 
went to 4 of the 8 jars seeded with freshly emerged adult moths
 
(A) and the final 4 lots to the jars seeded with 'rubbed' moths
 
(C). One week later, a further 4 lots of weevils of similar age
 
were counted and added to the remaining group of jars (B). The
 
one week delay in group B was to find out if the number of weevils
 
dying on moth-conditioned maize was affected by this delay.


All 16 jars were emptied 7 days after the introduction
 
of S. zemanais and the number of dead and living weevils 
in each
 
jar counted and the weevils discarded. At this count maize 
grains, moth scales and dead moths were returned to their appro
priate jars and these were again seeded with a fresh supply of 
weevils. This procedure was repeated weekly for a further 2
 
weeks. 
 In this way moth scales and dead moths were retained
 
throughout the experiment in those jars in which these were
 
prestet.
 

332
 



Moth plus 

scale 

deposits 

(A) 

36 

KEEK 5 

1 32 

7 

Total 80 

5 

WEEK 4 

2 8 

3 

Total 20 

7 

WEEK 8 

3 5 

8 

Total 28 

Moth plus 


scales, 


delayed 


(B) 


29 


12 


15 


4 


60 


17 


16 


14 


18 


65 


9 


13 


12 


13 


47 


Moth plus No moths 

few or scales 

scales 

(C) (D) 

21 5 

43 

17 

29 

110 

10 

6 

7 

28 

4 

12 

5 

3 

24 

2 

3 

5 

3 

13 

4 

5 

3 

6 

18 

6 

4 

2 

5 

17 

TABLE I. No. of weevils killed when 100 adults of SitophiZus 
zemnais were placed on maize grains conditioned by

Sitotroga cerealella (see text).
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The results of this experiment again showed that the 
high weevil mortality was still confined to the first week of 
exposure only (Table I). The cause of death of S. zecanais could 
therefore not be attributed to moth scales or dead moths, In fact 
during the first week of census, the largest number of dead 
weevils was from the group with fewer scales (C). The one week 
delay before introducing S. zdcara into the E. 2ercz7'lella
conditioned maize did not reduce ,,eevil mortality either. Indeed 
It raised it slightly but, unlike the other tvagroups, the mor
tality was spread fairly uniformly over 3 w.e.eeks. It appeared 
therefore that the factor that killed .. in :xed culr::'7_,-

ture with S. cerealelia was probably a which did
,jhical not 

break down in one week in an undisturbed e 
A scannino electron microsco~oeLy of S. ccrCalclla. 

In most of the experiments described above it ais found that adult 
weevils suffered their highest mortality durirg the first week of 
exposure to the moth and subsequent e'<)os._rcs I16 not appear to 
affect the weevil populations. It ..,as also found i!,at the lethal 
effects of moth-conditioned maize -,f:C'ej only ThoSe we.vils ex
posed durina the firs+ e, fe' of '-,. xnosed in subsequent 
weeks dying. However i- -me moth-coed i ned maize was left un
disturbed for a week before S. zeao was add ad, it remained 
lethal to the weevils. A microscopic examination of dead moths
 
was therefore made using a Scanning Electron icroscope (SE.) to
 
find out if any changes took place on the moth body after death,
 
and which could be detected by this equipment, to explain the
 
cause of weevil death.
 

Freshly emerged S. cere-alelZa adults were anaesthetlsed 
with CO2 and kliled with ether and two pairs of each sex were im

mediately prepared for mounting. Another lot made up of two pairs 
of each sex were mounted one week later. !bunting was done nnto 
aluminum stubs wifh silver dag and the s'pecirens were coated with 
400A gold using Polaran Sputter Coating Unit. Several shots were 
taken of different parts of the body of both sexes of the two lots 
of moths. Examination of the micrographs showed that different 

scale types were present on different Darts of the body but no 
differences could be detected between those mounted soon after 
death and those mounteu one week later in either sex. However, 
at the higher magnifications (x!4,000 and above) it was not pos

sible to obtain sharp focussing at certain areas of the body 
(Figure 4). These areas of obscured vision appeared at several 
spots but were interrupted by clear areas which showed details of 
the microstructure of the scales. After the EM operator made 

certain that the blurred areas were not due to a technical fault, 
we concluded that these areas were covered by a secretion. I 
suggest that this secretion killed S. zearais. The results of 
these experiments will therefore be discussed on this hypothesis. 
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Figure 4. Scanning electron micrographs of wing scale of
 
S. cereaZeiZa (Mag. x 14,5000) showing clear and 
blurred areas on scale. 

DISCUSSION: In the 30 replicate jars Inwhich S. zecanais and

S. cerealella were cultured together, the mortality of weevils

recorded 30 days after the beginning of the culture ranged from
20 - 100%. 
 In 14 of these jars, weevil mortality was 50% ana

above. In40 comparable jars inwhich S. zeconais 
was 	cultured

alone weevil mortality over the same period ranged from 0 -20%.

In 30 of these jars mortality was below 10%. 
 The 	difference in
weevil mortality inthe two series of cultures was 
more than could
 occur by chance. Further experiments have confirmed this unusual
weevil mortality. No similar observation has been reported before,

although weevil populations have been reported to have been sup
pressed by S. cerealella, through crowding, resulting in a reduction Inweevil ovipositlon (I). IfS. zecais was 
killed by a

secretion from S. cerealelZa as 
I suggest In these experiments,

then It should be possible to explain all the results obtained in
these experiments on this premise. 
 For the secretion principle

to be tenable It should be able to explain the following main

points arising out of the experimental results:
 

I. 	The variability Inthe results obtained,

2. The ability of the secretion to kill weevils not
 

In physical contact with moths,

3. 	Why some weevils did not die after I week:
 

a) 	among those that survived an Initial
 
exposure to the moths but remained on
 
the moth-conditioned grain


b) among a fresh supply of weevils placed
 
on grain previously occupied by another
 
batch of weevils,


4. The ability of the undisturbed moth
conditioned grain to kill weevils placed in
 
Itone week after setting It up.
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From the results obtained in these ex'eriments it ap
pears that S. cereaZelZa released a secreion which although it
 
could be found on the body was probably Dresent as a gas as well,
 
or evaporated into gas with time. On release this secretion
 
covered the scales of The moth and probably the food as well.
 
An adult weevil which fed on a portion of grain on which this
 
secretion was deposited would be killed. If a weevil fed on
 
grain not covered by secretion, it survived. On -ihe other hand
 
in its gaseous form the secretion could kill weevils separated
 
from moths by muslin and the likelihood of weevil death would
 
increase if tne weevils came to rest on The opposite side of the
 
muslin close to where the moths releases this secretion. Thus
 
only weevils .hich fed on mcth secretion or c-ie close to the
 
secretion would be killed. Under these rre-ises the number of
 
weevils dying in different re)licates would vary as was found in
 
these experiments. After about a week when nearly all the moths
 
had died, v,eevils; which survived the initial exosure to moths
 
were r-re likely to survive because only a little secretion would
 
remain, '-uch of it having escaped fror the medium through weevil
 

.activity. Thus .,,'hen .. oie - conitioned grain was left un
disturbed for one week, th-e ,,,as no loss of secretion and as many
 
weevi Is placed on these '- ,,: Iled as those claced on freshly
 
conditioned grain. When the medium has been stirres un by weevil
 
activity for at least one week however, much of this secretion
 
escaped and weevils which remained in the medium, or a fresh supply
 
Introduced into the stirred medium survived.
 

Although no further tes's were carried out to determine 
the nature of the secretion reported above, tw.o rain gaseous se
cretions have been associated with stored product insects: quinones 
and pheromones. Quinones are secreted from specialised odoriferous 
glands. The principal constituent of this secretion was found to 
be ethyl quinone (2). This secretion is the cause of conditioning 
of the food medium in Trholbiwn (3) and Drobably the cause of 
conditioning by several other insects. Conditioning of the food 
medium has various effects on different insects (4, 5, 6). The 
other secretion common with insects is pheromones. These have 
been reported to be present In S. cerealela (7, 8). Unfortunately 
in the present investigations it was not possible to investigate 
the separate effects of males and females of S. cerealella on
 
S. zeamais. Because of the variability reported in the results of
 
these experiments, large numbers of moths were required at any one
 
time for experiments. To obtain large enough numbers o- each sex
 
of S. cerealella for these experiments, larme numbers of grains
 
containing immature moths would have to be isolated before the
 
moths emerged. It was not practicable to obtain such large num
bers emerging wth!n a few days of each other for experiments
 
which could be sattsfactorlly repilcated. The nature of the
 
secretion or its source is therefore unknown but Its effect on
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adult S. zeamais has been consistently found to cause their
 

death.
 

REFERENCES:
 

(I) 	MacLagan, D. S. 
The effect of population density upon rate
of reproduction with special 
reference to Insects. 
 Proc.

Roy. 	Soc. Lond. II1B (1932) 437.


(2) 	Alexander, P., 
and Barton, D. H. R. The excretion of

ethylquinone by the flour beetles. 
 Biochem. J. 37 (4) (1943)

463.
 

(3) 	Roth, L. M., and Howland, R. B. Studies on the gaseous

secretion of Tribolizou confusion Duval. 
 I. Abnormalities

produced In Triboliwn confusum Duval 
by exposure to a secretion given off by the adults. 

151.	 

Ann. Ent. Soc. Amer. 31 (1941)
 

(4) 	Park, T., and Woolcott, N. Studies 
in population physiology.

VII. 
 The relation of environmental conditioning to thedecline of Tribolij confusuo populations. Physiol. Zool. 
10 (1937) 197.

(5) hent, A. W. 
Studies of Behaviour of the Tribolium flour
beetles. I. Contrasting responses of T. castanewn and T.
confuswn to fresh and conditioned flours. Ecology 44 (1963)

269.
 

(6) 	Takahashi, 
F. The effect of biologically conditioned food
 upon larval development. 
On the effect of population density
on the power of the reproduction of the almond moth Lphestia

cautella. Jap. J. Ecol. 
7 (1957) 70.
(7) 	Agah, A. A. 
T he Biology of Sitotroa cerealela With Special

Reference To Food And 
tho Effect of Extreme Physical Conditions. Ph. D. Thesis Univ. Lond. 
 (1961)
(8) Keys, R. E., and Mills, R. B. Demonstration and extraction

of a sex attractant from female Angoumois grain moths. 
 J.
 
Econ. Ent. 61(I) (1968) 46.
 

337
 



THE DEVELOPMENT OF TWO KOLA WEEVILS, SOPHRORHINUS GBANJAENSIS
 
D & T AND BALANOGASTRIS KOLAE (DESBR.) ON WILD KOLA,
 

COLA GiGANTEA CHEV.
 

AJIBOLA M. DARAMOLA
 
Cocoa Research Institute of Nigeria
 

Gambari Experimental Station
 
P.M.B. 5244, Ibadan,
 

NIGERIA
 

INTRODUCTION: Sophrorhinus gbxijaensis D & T and Balanogastxis 
ko ae (Desbr.) are the most destructive and widely distributed 
curculionid pests of cultivated kola inNigeria. Other weevil 
pests which are either of less economic importance and/or of 
restricted distribution include S. inspe2atus Faust, S. duvernoyi 
Rouzet and S. qitadricrislatisFaust. The kola weevi Is which 
belong to two genera: Sophrorhins Faust and 3al zogastris 
(Desbr.) are field-to-store pests of kola nuts and multiple
 
infestation occurs in the field (i, 2, & 3). Weevil infestation
 
of kola nuts ranging from 34-65% and 100, in cases of late harvest
 
have been reported by these workers.
 

About twenty-five species of Cola have been identified
 
In the tropical rain forest of West Africa but only five species
 
produce edible seeds commonly called nuts. In Nigeria, only two
 
species of Cola: C. nitita (Vent.) Schott & Endl. and
 
C. acumiata Schott & Endl. are cultivated as plantation crops and
 
their nuts are of social and economic importance. C. nitida in
 
particular, is the main source of cash income of many farmers In
 
some parts of Ogun, Lagos, Oyo, Ondo and Kwara States. It is also
 
the only species of Cola that enters the world market. Kola nuts
 
are chewed primarily as a source of stimulant (caffein content,
 
2.5%) by the natives both in the rain forest, savanna and sahelian
 
zones and are also used for making dyes for cloth and threads in
 
the latter zones of Africa. The increasing demand for kola nuts
 
on the world market for the manufacture of beverages, soft drinks,
 
e.g. Coca-Cola, Pepsi-Cola, etc., drugs and Its potentials have
 
been highlighted by many workers (4, 5, & 6).
 

Daramola (7) recorded both S. gbanjaensis and B. kolae
 
on Cola gigantea Chev. during his studies on the distribution and
 
host range of the kola weevils in the forest and derived savanna
 
areas and the forest galleries in the southern Guinea savanna
 
zone. C. gigantea grows wildly throughout the forest zone which
 
Is the major kola producing area In Nigeria. It is a fast growing
 
tree and the grafting of C. nitida on it in order to take the
 
advantage of its good growth has been initiated at the Cocoa
 
Research Institute of Nigeria (Iblkunle, 1974; personal communica
tion).
 

This paper reports studies carried out on ovipositlon,
 
development and survival of S. gbanjaensis and B. kolae In C.
 
gigantea. The role of C. gigantea In the survival of the weevils
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during 
the off seasons of C. nitida and C. acuminata was also
 
di scussed.
 

M1ATERIALS AND METHODS: 
 Studies on oviposition and development of 
jbnjalnsi.i and B. kolae were carried out in cages under a 

laboratory remperature of 28±10 C. 
(,viposition - One-day-old males and fema;,;s of
 

;.,,ia.'r~~tand B. kolae collected from laboratory cultures offIeIj-1 inegid kola nuts were paired separately inside plastic
 
re jrinig 1 Jyuf 13.5 x 8.5 x 6.2 cm dimensicn. Four holes (3 cm
 

,
diarer) ,r rode on each cage and three of these were covered 
Vi th fin- wire ,hash. Water was supplied through the fourth hole
 
or, a Pad of crton wool. Eaclh pair was confined with a fresh
 
uninfested ni of C. qigczntea for feeding and oviposition in ten 
rep cre. .-
re teased out and examined under the dissect
In-j microscope d,-:aily for weevil eggs and the numbers recorded.
 

,T eore 
replaced .,ith new ones after each observation. Records 
on .ipositior .'F-U taken over a period of 35 days because prelim
inary ob':eri icns showed that B. kolae did not survive on 

. ,a,:cw,'-r laboratory conditions much longer than 35 days.
{i,'vlopunt- - The development of weevils from eggs to
 

ad,lts tAied on fresh nuts 
in which oviposition had taken
 
p lalt ir, f ve.
r.; Ii ates of five nuts each. Such nuts were placed
 
inside transrE.nr npolythene bags specially designed to keep the

nuTS fresh fr :s long as required for the development of the 
,eevi Is in place tf fresh banana or D9rrax sp. leaves as in the 
traditional rtoui of storage (8). 
 Water droplets from condensa
tior. inside the oags were wiped off every other day in order to 
prevent fu;ngal infection. Incubation, larval and pupal periods
 
were obtlned ry dissecting nuts on which oviposition has taken
 
place at two da,_ interval based on the knowledge of the biology

of the weevi Is on C. ;iitida (8 & 9). To obtain the incubation 
periods, an average of ten and five nuts 
were examined aaily as
 
from the third ',y for S. gbanjaensis and 2. kolae respectively.

Larval periods ,,ere also determined by examining ten larvae of
 
each weevil every other day until 
pupae were found. Average of
 
the periods uek'ieen the end of incubation periods and presence of 
pupae In the nuts were taken as the periods of larval development. 
Similar procedures were used to determine the pupal periods of the 
weevi Is. The survival of the weev Ils on C. gigantea was also 
recorded over the oviposition period.
 

RESULTS AND DISCUSSION: Oviposition - Average pre-oviposition
 
periods of 
12.3 (10-14) days and 3.2 (3-4) days were recorded for
 
S. gbanjaea.nc- and 13.kolae respectively. 

cy aijaonsis and B. kolae laid a total of 226 eggs

(mean: 22,e±3.1) and 303 eggs (mean: 30.3±2.8) In 35 days
 
respectively (Table I).
 

DEVELOPMENT: The incubation, larval 
and pupal periods of
 
S. gbanjae'isis and B. kolae are given In Table 
II. S. gbanjaensis 
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TABLE I. Oviposition and survival of S. gbanjaensis and B. kolae 
in C. gigantea in 35 days. 

No. eggs laid in 35 days
 
Replicates
 S. gbanjaensis 

B. kolae
 

1 21 21
 
2 22 30
 
3 25 32
 
4 19 35
 
5 25 27
 
6 22 33
 
7 23 31
 
8 29 31
 
9 19 30
 

10 21 28
 

Total 	 226 298
 

Mean 	 22.6 (19-29)* 29.8 (21-35)
 

Mortality(%) 	 10 75
 

* Range. 

TABLE II. 	Development of S. gbanjaensis and B. kolae
 
in C. gigantea.
 

Mean developmental periods (days) ± S.E. Total
 

period* of
species Egg 

Pupal development
(incubation) Larval 


S. gbanjaensis 6.6±0.9 20.6±1.8 6.9±0.8 34.4±1.5
 

Range 6 - 8 19 - 23 6 - 7 32 - 36
 

B. kolae 6.0±0.7 18.8±1.5 6.4±0.9 31.8±1.9
 

Range 5 - 7 17 - 21 5 - 7 29 - 33
 

* No significant difference (t=1.53; P>O.05) between the total 

developmental periods of the two weevils.
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had an average Incubatioii period of 6.6±0.9, larval 
and pupal

periods of 20.6±1.8 and 6.9±0.8 days respectively. B. kolae also
 
had an Incubatlor: period of 6.0±0.7 days, larval 
and pupal periods

of 18.8±1.5 and 6.4±0.9 days respectively. The total periods of
 
development of S. gbanjaensis and B. kolae from eggs to adults in
 
C. gigazntea were 34.4±1.5 (32-36) days and 31.8±1.92 (29-33) days

respectively. There was no significant difference between the
 
total periods of development of the two weevils in C. gigantea

(t=1.53; P>0.05).
 

The mortality of B. koiae was very high (75%) especially

in the last seven days of the oviposition period. S. gbanjaensis

survived much better and only 10% 
mortalit,/ was recorded. 
 The

high percentage mortality recorded for B. ;olaw might not be

unconnected with light interference with rne feeding activities of

the weevils. 
 Earlier larboratory observa-tions Showed that B.
kolae feeds away from light and hides in The space betw.-een the nut
(C. witida) and bottom of the cage. Cut (C. gigantea nuts are
small and as such, the weevi Is are more exDosed 1o effects of
 
light. 
 This is contrary to the prevailing conditions in the fled

where most of the nuts still remain inside the pods even when 
deh-isced and -the weevils can 
feed and stay away from light.


Although B. ,oze laid a higher number of eggs than
S. gbanzjJsZc2 in C. xainmC during the duration of the experi
ment, it is, however, not a measure of the fecundity of the

weevils on this wild host. 
 Firstly, S. gbancaensio survived much 
longer on C. gjg~t.;a under laboratory conditions and secondly, ithas a longer pre-oviposition period and would oviposit over a 
period of eight weeks of its life span (8). 

The result obtained on the development of both
S. qbanjacnsi and B. Aol-ae in C. gigantca show some similaritles 
to the data recorded on the biology of these w-eevils under similar
laboratory conditions in the cultivated host, 1,. ut~da, byDaramola (8) and lvbijaro (9) respectively. An incubation period

of 5.9 days and larval and pupal periods of 26.5 and 7.7 days

respectively were for S.recorded gbanjacrisis at 27.5'C. The
 
incubation and pupal periods recorded for S. .banjacnsis in both

C. nitida and C. gigantea were very close. It is only the larval

period of 26.5 days in C. nitida that is longer than 20.6 days

recorded in C. gigcvatca. Although the 
reasons for the difference
 
are not immediately known, C. 7,itida 
is a much bigger nut than
 
C. gigantea and the amounts of 
food contained in these nuts might

be partly responsible for differences in the larval periods.

However, comparative biochemical analyses of the two nuts are
 
required for a better understanding of the influence of food on
 
larval development, 
 average total periods of development of

S. gbanjaensis in C. nil'ida and C. gigantea were 41.2 and 34.4
 
days respectively.
 

lvbijaro (9) reported an Incubation period of 5.8 days,

larval 
and pupal periods of 18.5 and 5.0 days respectively for 
B. kolae In C. nitida at 27.5*C. These figures are very close to 
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the Incubation period of 6.0 days, larval and pupal periods of
 
18.8 and 6.4 days respectively recorded in C. gigantea In spite of
 
the obvious difference in sizes and speculated larger food materi
als In C. nitida. But B. kolae Ismuch smaller compared with
 
S. gbanijaensis and as such the amount of food required by the two
 
larvae would be different. It appears that the a--ount of food In
 
C. gigcwztea is sufficient for a normal development of B. kolae as
 
observed inC. nitidae.
 

Although this experiment is not a comparison of the 
biology of the weevils on its cultivated and wild hosts, results 
show that C. gigantea is a suitable alternative host of the 
weevils. Both weevil species oviposit and develop at rates which 
compare favorably witn that in the cultiv-ated species. This is of
 
ecological significance in view of the survival of the weevils in
 
the field during the oi4-season periods of 1he cultivated kola:
 
C. nitida and C.avn, . Daramola (8) reported that the 
fruiting season C. with the major part of theof.. overlaps 
light season of C. n'ii2 in his studies on host range of the 
weevils. The occurrence of C. cigx zvea throughout the kola
 
growing areas help to maintain fairly high levels of weevil
 
populations in and around the kola plantations throughout the
 
year. In addition, C. nt was introduced into Nigeria from
 
Ghana about the middle of the 20Th Century (10); it then appears
 
that, C. gigaztea is one of the original hosts of these weevils.
 

The destruction of C. gigantea in and around kola
 
plantations should form part of the integrated control 
measures
 
aimed at reducing weevil Infestation of kola nuts In the field.
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INTRODUCTION: Distribution of Insecticide amongst grains has an
 
Important bearing on the efficacy and persistence of the insecti
cide applied to stored grain (1-4). Laboratory experiments and
 
field trials have demonstrated that controlled non-uniform treat
ment of wheat with nalathion and conventional spraying aimed at
 
treating all grain uniformly, were initially equally effective
 
against insects but that cireater persistence of the non-uniform
 
treatment had the advantane of extending the period of protection
 
during storage (5, 6).
 

In a successfJul field trial (6) the method used for applying
 
the malatbicn ncn-,niforrly to the crain was cumbersome. A trial
 
was therefore undertaken to assess whether a gravity feed tech
nique for applying tne insecticide non-uniformly to the grain
 
would be commercially acceptable. The insecticide used consisted
 
of a mixture of fenitrothion and bioresmethrin, which has
 
replaced malathion as a standard grain treatment In Australia. 

MATERIAL AND METHODS: The trial was carried out In florth East 
Victoria, Australia, using vertical steel bins ilth conical roofs 
and flat concrete floors, each with a capacity of 1,700-1,800 t.
 

An Insecticide mixture of fenitrothion (l00i -/v)and blo
resmethrin (5% W/v) with piperonyl butoxide (4O- Wv) was applied
 
to Australian Standard White wheat at a rate o- approximately 
12 mg/kg of fenitrothion, I mg/kc of bioresmethrin, and 10 mg/kg 
of piperonyl butoxide (a synergist for bioresmeth'rln). Two 
methods of application were used; a conventional 3pray treatment, 
using a water emulsion of the insecticides in a p-essurized spray 
system, and an experimental non-uniform treatment using the Insec
ticide mix in concentrated form applied by gravity feed from a 
100 1 tank fitted wilth a constant head device (Fig. I). Insecti
cide flowed from the tank through a short tube to the application
 
nozzle. The flow rate at the nozzle was adjusted by a clamp,
 
usually set to deliver 64.0 ml/min to match an estimated grain
 
flow rate of 120 t/h. The Insecticide flow was switched on and
 
off by a solenoid valve operated by a microswitch linked to a
 
control bar resting on a rubber flap which In turn rested on a
 
conveyor belt. When wheat flowed along the belt, the flap and
 
control bar were raised, thereby activating the microswitch and
 
the Insecticide mixture was released as a continuous flow. This
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equipment cost (1977) approximately A$580.00, and Installation
 
estimated at A$120.00, making a total cost of A$700.00
 

B 

Figure 1. Plan of equipment used to apply a controlld non
uniform treatment of concentrated insecticide to wheat
 

Treatments were applied to the grain on the conveyor belt at
 
the base of the silos, the treated grain being carried up an
 
elevator to a conveyor belt above the silos and thence through
 
chutes into the silos.
 

Wheat samples (4 kg each) for biological and chemical assay
 
were taken from the bins immediately after treatment and approxi
mately 6 months later. 
 The samples were collected with a Probe
a-vac suction probe at a depth of 3 m below the surface at the 
centre, northern and southern sides of the bin. 

Chemical analyses for Insecticide residues were carried out 
using a G.L.C. Grain temperatures were measured with a thermo
couple probe and moisture content of wheat samples was determineo
 
by loss of weight on drying 2 g of ground wheat for I hour in an
 
oven at 130'C.
 

For each treatment bloassays were carried out on three 
replicate groups of 100 adults of Rhyzopertha dominica F.,
Sitophilus oryzae (L.), and Tribolin castanewn (Herbst) exposed
in grain samples for seven days. Malathion resistant strains of 
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the three species and malathlon susceptible strains of R. dominica
 
and S. oryzae were used in the bloassays.
 

RESULTS AND DISCUSSION: During the trial, grain temperatures
 
ranged from 50 -351C at the surface and from 30'-32'C within the
 
bulk (3 m below surface) in both bins.
 

Results of the chemical analyses carried out on 100 g wheat
 
samples are shown in Table I. The initial levels of fenitrothlon
 
on the wheat were similar In both treatments, but after 6 months'
 
storage there was an indication of greater persistence of fenitro
thlon resulting from the experimental treatment. To determine
 
insecticide distribution on the wheat more precisely than could
 
be achieved from the 100 g samples, 30 sub-saimples, each of 10 g,
 
were taken from each treatment and assayed for fenitrothion. Mean
 
levels of 9.2 and 9.0 mg/ka were obtained for the conventional and
 
experimental treatments, respectively. Variation in residue
 
levels was, as expected, significantly greater in the experimental
 
treatment (P = 0.002), and was believed to be responsible for the
 
greater persistence of the fenitrothlon in the experimental treat
ment after 6 months' storage (Table I).
 

Both the conventional and experimental treatments were very
 
effective against Insecticide resistant and susceptible strains of
 
R. dominica and S. oryzae throughout the 6 month storage period 
(Table II). Although the levels of bioresmethrin in the samples 
taken from the conventional treatment were lower than expected, 
the treatment was still effective agains; R. do7inica (bioresme
thrin being incorporated into the insecticide mixture specifically
 
to control this species). There was no sign of the effectiveness
 
of the conventional treatment decreasing during the storage
 
period as can occur with malathion when used against susceptible
 
Insects (6).
 

Both conventional and experimental treatments were not effec
tive against T. castaneum as revealed by bioassays (Table II).
 
However, it is worth noting that the strain of T. castaneum used
 
was known to be resistant to a wide range of different Insecti
cides, Including organophosphates and chlorinated hydrocarbons
 
(7). This strain did not originate, and no such strain has yet
 
been found, in Victoria where the vast majority of resistant
 
T. castaneum possess the malathlon specific type of resistance.
 

Although both conventional and experimental treatments were
 
equally effective against R. dominica and S. oryzae, there are
 
considerable advantages inherent in the technique for applying
 
the Insecticide concentrates non-uniformly to the grain. The
 
apparatus required is simple, requires no pumps and can be easily
 
Installed. Moreover, there Is no need of water for mixing the
 
Insecticide emulsions as concentrates are used, and therefore
 
water storage tanks, pumps, and other accessories, are not
 
required. Thus, maintenance and running costs can be expected to
 
be considerably lower than those for equipment used for
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conventional treatment of grain. 
Another advantage Is that
greater persistence of the Insecticide Is likely to result from
non-uniform treatment. 
This will provide protection from insect
attack during extended storage periods, and thereby reducq the

need for costly retreatment of the grain.
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METHODS AND MATERIALS: An experimental arena for observing the
 
effects of temperature on cigarette beetle ovipositional response
 
was formed by placing a plexiglass cover (61 x 61 x 38 cm ID) over
 
a sheet metal plate (76 x 76 x 0.3 cm) Figure I.
 

"Alm 

FIGURE I. Temperature gradient chamber
 

The plate resting on a center over a 1, c,-2 hot plate was fitted
 
with 20 equally spaced conper-constantan thermoccuples arranged
 
in a radial manner and attached to the ',nderside by achine bolts. 
In addition one thcr-rocounlc ,a elat!! in air : ace anmroximately 
20 cm above the arena floor. T.. h..rena was 
regulated with a rheost.at so -ihal c:radi ,n4 f I 0.6 ° C was 
ma I nta ined. Temperature ranrv,-'so I -ete for i''. ore 10- 15', 

,15.6-21.10, ?1.7-26.1 , :Y,.7-:1 .7 and . . Te'a eratures 
were recorded at intervals on a "0ili-point recorder. The test 
arena was mounted on a work tablc in a ! Q con-t i-oned room 
which maintained temnerature and relative hum-?<!it,-, of 10±_2 0 C and 
80±10' respectively. Relative humidity within the test arena was 
not monitored. Prior to the release of about i-O0 unsexed insects 

v-, I 
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(300 males, 300 females assuming a 1:1 sex ratio) within the
 
arena the floor was covered with a thin layer of finely sifted
 
wheat flour. After five days the Insects were removed from the
 
test. Isotherms were outlined on the flour covered floor and the
 
medium from each area was removed and placed in separate con
tainers. These were held in our insectory (26.7 ±10C, 70±5% rh)
 
until emergence was completed. Thus, the ovipositional response
 
or the number of eggs laid was determined by the numbers of adults
 
emerging from each temperature range. In one replicate the true
 
number of eggs laid at the 32.20 - 40.60 C temperature range was
 
calculated by adding the number of emerged adults to the number
 
of unhatched eggs.
 

The arena used for the ovipositional response to food
 
odors was similar in design and size to the one used for oviposi
tional response to temperatures (Figure 2). However, the floor
 

,-- . 

FIGURE 2. Test arena for ovipositional response
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was made of 12.7 mm plywood. It contained 40-3.8 cm holes that
 
were arranged radially around a 10 cm center hole. Paper cups
 
2.5 cm high and 4 cm In diameter were inserted In the smaller
 
holes and the center hole was fitted with the bottom of a 100 mm
 
petri dish. Each cup contained a muslin strip (60 x 1.5 cm),
 
folded into a pad. The pads Impregnated with ethanol extracts of
 
food materials served as ovipositional sites and were arranged in
 
a random fashion. Each test (8 odors, 5 replicates) was initiated
 
untreated by releasing 800 unsexed adults (400 males, 400 females
 
assuming a 1:1 sex ratio) into the petri dish. At this time 6-C
 
clamps were used to secure the arena top to the bottom. The tests
 
were made In a room maintained at 26.7±1'R ind 70±5% relative
 
humidity. The light regime was 12:12 hours of light and darkness.
 
After 5 days the adults were recovered, the pads were removed, and
 
the numbers of eggs were counted. 'Two strains of the cigarette
 
beetle were used In this test. One strain reared inour laboratory
 
on whole wheat flour-brewers yeast medium (ca. 14 years) was the
 
source of the second strain that has been reared on tobacco for
 
ca. 4 years.
 

RESULTS AND DISCUSSION: The effects of temperature on oviposition
 
are shown In Table I. Based upon adult emergence and upon an egg
 

TABLE I. Numbers of cigarette beetle eggs oviposited on a
 
gradient heat bar covered with a thin layer of finely
 
ground wheat flour as determined by adult emergence. a/
 

Number of adults
 

°
Replicate Temperature range (C )
 

10-15 :15.6-20.6:21.1-26.1:26.7-31.7:32.1-40.6
 

1 25 210 348 239 1 
2 : 43 332 400 189 0 
3 : 52 135 250 85 0 
4 : b/ 159 146 17 13 
5 87 105 79 0 
6 63 150 14 0 
7 - 91 173 55 3 
8 : 10 7 87 74 15 
Av. : 32.5 135.5 207.4 101.5 c/4 

a/ Ca. 300 females/replicate.
 

b/ Temperature rise due to malfunction of I conditioning unit.
 

c/ 211 nonviable eggs sifted from sample.
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count fewer eggs were laid at the lower temperatures. ihe average 
emergence for temperature ranges of 10-15', 15.6-20.6', 21.7-26.71, 
27.2-32.20, and 32.2-40.6* was 32.5, 135.5, 207.7, C.5 and 4 
respectively. However In last replicate at the highest temperature 
range 211 unhatched eggs were recorded. So it Is quite evident
 
that the data recorded for this range does not reflect what
 
actually happened. In all tests many dead adults were observed
 
in this temperature zone. Their death along with the poor egg
 
hatch observed was probably due to desiccation. The preferred 
temperature range of 21.7-26.7'C for oviposition partially over
lapped the range preferred reported for fourth instar larvae of 
the cigarette beetle 25.6-27.8 0C (II). The finding that ovIposI
tion occurred over the entire temperature tcst range lends some 
support to the work of Fletcher and Long (3) v,'ho reported both 
oviposition and egg hatch at temperatures below 20'C. However, 
the numbers of adults emerging from the lo.er temperature ranges 
was surprising because in this test "emales had a freedom of 
choice in selecting tempera!'urs? for cvip, ,:ltl:,r,. 
This information may be Useful vhen planinq fumigation of tobacco 
warehouses located in colder climates.
 

The ovipositional response of a ciacrette beetle strain 

reared on whole wheat flour-5, brewers yeas' to selected odors Is 
shown in Table II. The preference as indicated by the percent of 

Table II. Ovipositional response by a cigarette beetle strain,
 
reared on wheat flour-brewers yeast medium, on muslin
 
strips 4mpregnated with ethanol extracts of M (un
treated iruslin, WF (wheat flour), Y (yeast), CSM (corn
meal-soybean meal-milk), CMB (comb. tobacco-CSM-Y
 
Y-citrus pulp), UM (used medium), CP (citrus pulp) and
 
T (tobacco) a/ b/
 

Percent eggs oviposited
 

Extract ExtractReplicate
 

2 3: 5 Average
 

M (control) : 3.5 6.5 8.6 2.1 4.0 4.9 
WF 11.4 12.4 9.8 7.1 10.1 10.2
 
Y : 18.8 21.3 31.2 34.2 37.7 28.7 
CSM : 23.4 26.0 23.3 22.8 13.6 27.8 
CMB : 9.1 8.9 3.7 8.6 6.0 7.3 
UM : 1.3 1.2 0.9 1.4 1.0 1.2 
CP : 26.4 20.2 19.2 16.6 22.9 21.1 
T : 5.0 3.4 3.2 7.2 4.7 4,7 

a/ Ca. 400 females/replicate. _/ Total eggs laid 15,696.
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eggs oviposited was as follows: Yeast (Y) 28.7, cornmeal-soybean
 
meal-milk (CSM) 27.8, citrus pulp (CP) 21.1, wheat flour (WF), 10.2,
 
combination of tobacco (T)-CSM-CP and WF (CMB) 7.3. These were
 
followed by tobacco (T) 4.7, and untreated muslin (M), the con

trols 4.4. The least attractive compound was an extract of used
 
medium (UM) 1.2. The total number of eggs laid by the wheat flour
 
strain was 15,696.
 

The strain of beetles reared on finely ground flue-cured
 
tobacco preferred the tobacco extract (Table 3) for oviposition.
 
Of the total number of eggs laid (22,281) 26.8% were found on
 
toaacco. Others preferred were extracts of CMB (which contained
 
tobacco) 23.4%, CSM 16.4%, CP 15.5%, Y 11.7%, WF 3.5%, UM 1.9%,
 
and M or controls 0.9%. A comparison of the ovipositional response
 
by both strains Is shown in Figure 3.
 

WF STRAIN 

•.- T STRAIN 
30 

CU • I / 
<.20 

#4
 

C', w -asp 

0 	 i 

0 ,I I I J i , I ! 

M WF Y CSM CMB UM CP T 
ODORS 

Figure 3.	Comparison of ovipositional response of two strains of 
cigarette beetles to selected food odors 
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The response of both strains to food odors other than
 
tobacco showed similarities. With the extracts of tobacco and
 
the mixture containing tobacco there Is a significant difference
 
In the response. The tobacco strain laid 50% of their eggs on
 
the ovipositional sites containing these 2 extracts while only 12%
 
of the wheat flour strain eggs were laid on sites having the same
 
odors. Other differences in behavior may exist as it has been
 
shown by Yamamoto and Frankel that tobacco reared insects are
 
smaller (12). An/ further information In this area of research
 
would be most useful in establishing the quality of laboratory
 
reared insects so that they would compare favorably with wild
standard populations.
 

ACKNOWLEDGMENT. We thank Mr. John S. Long, formerly with our
 
laboratory and now with Philip Morris, U.S.A., Richmond, Virginia,
 
for his assistance in constructing the gradient heat chamber and
 
for preliminary test evaluations.
 

Table III. Ovipositional response by a cigarette beetle strain
 
reared on finely ground flue-cured tobacco on muslin
 
strips impregnated with ethanol extracts of : M (un
treated muslin) WF (wheat flour), Y (yeast, CSM (corn
meal-soybean meal-milk), CMB (comb. tobacco-CSM-Y-ci
 
citrus pulp), UM (used medium), CP (citrus pulp), and
 
T (tobacco) a/ b/
 

Percent eggs oviposited 

Extract : Replicate 

1 2 2 45 Average 

M (control) : 1.2 1.2 0.47 1.0 0.51 0.9
 
WF : 5.3 4.0 2.7 4.2 1.1 3.5
 
y 12.4 12.4 12.6 11.9 9.3 11.7
 

CSM 18.3 19.7 14.6 15.0 14.6 16.4
 
CMB : 21.9 25.6 25.8 22.5 21.0 234
 
UM 1.4 2.0 1.9 3.0 1.1 1,9 


CP : 14.2 13.1 14.5 15.0 20.6 15.5-

T : 25.3 22.0 27.4 27.5 31.8 _-26.8
 

a/ Ca. 400 females/replicate.
 

b_ Total eggs laid 22,281.
 

. .
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REGULATION OF THE BEAN WEEVIL REPRODUCTION
 
(ACANTHOSCELIDES OBTECUS COLEOPTERA BRUCHIDAE)
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The bean weevil (Acanthoscelides obtectus) isan Insect 
probably originating from equatorial regions of Latin America (I
 
2). This insect has followed the spreading of Phqseolus vulgaris
 
crops to the whole of the American continent, to Europe, and then
 
to Africa.
 

AcanithosceZidcs o7tcctus thrives only in regions with a 
temperate climate where the average day temperature remains under 
300C. Thus in Central Colombia where we studied that insect, it 
causes important damage only inareas where the crcps are located 
between 1000 and 2000 meters of altitude (areas inwhich the aver
age day temperature ranges between 20 and 2 QC). It has never 
been found (3) In the hot valleys that separate the Andean cor
dilleras. In the latter areas, however, bean crops are attacked 
by another Bruchidae (Zabrotes aabfasciatvw&, which causes as 
much damage. Acanthoscl',lidcs obtectz.o shoos a double behavior 
since it can jttack P;haseolZs wzIcgazris in the fields or during 
the storage of the seeds (2). Its biology in nature Ispoorly 
known, but we have established that the females are attracted by 
ripe pods, then they bore through the fruit perlcarp and lay their 
eggs in It. The larvae penetrate into the seeds Inwhich the 
post-embryonary development takes place, In the storage conditlops 
the first part of the oviposition behavior disappears, and the 
females lay their eggs near the seeds. Unlike CaZlosobrzUchus 
maculatus (4)there do not seem to exist two forms of adults 
adapted either to life innature or to life In stores. Before 
thinking of studying protection methods against this Insect, we 
have first examined Its biology In storage conditions. So we have 
analysed the factors regulating the reproduction of that phyto
phagous insect which can be considered as a specialist according 
to Orlans' definition (5)since Itdevelops only ina very limited 
number of grains belonging to species of the Plhaseolus genus. 

The reproductive activity of virgin females reared with
out host plants varies a lot. Some females do not make any mature
 
oocytes while others produce a limited number of them which accumu
late In the lateral oviducts but are not released. In i-ie latter
 
case (Figure IA)the oocytes are formed during the early days of
 
Imaginal life, then oogenesis stops, This stopping of oogenesis
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HOSTand PLANT 

90, MATING 

PO: 91 
fec:86

80 ret :5 

70.
 

I,z 

60-0 

U 

50+0 P5PLANT 

C fec & ret 
Z 4 variable 

40- 4 

30 0 	 VIRGIN3- FEMALES 

PO: 31 
fec :0 

20. 	 STIMULATING 
FACTORS 

10. 

DAYS 

0 2 4 6 8 10 1R 14 16 	 JIN 

FIGURE 1. 	Evolution of the ovarian production during the imaginal
 
life in different conditions (cumulative curves).
 
fec: fecundity ret: number pf oocytes in
 

retention into the 
female's oviducts
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Virgin females - limited number of 
oocytes 

IATTRACTION 

Bean seeds ")pfVITELLOGENESIS] 

Apparition of . 
sexual receptivity 

o Mating" -. Production and 

Bean seeds emission of eggs 

FIGURE 2. rffluence of external factors upon-sexual behavior and 
reproduction of the bean weevil. 
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is probably linked 
to the absence of external stimulations (6, 7).

The introduction of arains of the host plant, which 
are not used
 
as food by the adults, affects reproduction on three levels:
 

(I) Or the behavioral level, by attractinq females (8) 
(2) It stimulates oocenesis 
(Figure IB) by allowing vitel

ls7e- l to syrthetized by Ihe fat body, then to be incorporated 

(5) 1t c ice the emission of CCYTOS, bit an important
vari.i itv :abe o servei n that c-s (m.ne fe-a les lay all 

n . .-- r , a i: fe-cundity).
-uzaT (O, IL s-c2.' that cer-ain n"->.r aW olfactive, gusta

.. ive or tactlile stiJti : o. s coin fro-..-. _rain ,,ere per
ceives :- +h,
t-- i,ecto-. t.c r ro,: ive function,

-L '''.-dc'riro -'aN'. .ai alaso -fluences the 
e r:2,-ti-,.,e i. : 7r re-..-rches (I , 1I) -,.;ve shown thatj 

-i -, 1e i t 

cause e cofa ,en,2sis alfter ,7ir. Some secretions
 

-t 3 S7.
 

. . .. 1T .er i-r of fem" les 

, sn e r- atoDhore wall
 
a -ala -e -iil trrt cfct (c.), ar-n - aornnesis by a

um-ral .'-. -- Ie,..2vtr, irxt IimLtioc of rc.rcductive acti
-u. 1c * -treis a- ,terac+tnb.eteen the presence 
of os - seals art ,atir, (Fiaure I.). 

17- these r1itions can fol lowingcC .',,e imacine. the 

r-echaris , (Fisure 2):
 

. of Uean trains attracts males and females, and
-r!.encn. 
t'e C.s n_7'as a alace of neeling. esies it causes a raDid
 
smar- -f cc:eresis, vwhich increases female recem+hvity in regard
 
tc r"ales, -alkes matinq easier. In effect ,va have noted (14)

that the vir in females wi ,jut any ovariar mcti,.ivy (absence of
 
vitel oe-ire, non-functional ovariales) refu:e males. 

The at.a-host alent-- interaction al los the ,roduct'on then 
the release of an ir.Dortant numaer of icas,'.ich are deDcsited 
near the seeds. The regulation of the rerciuctive function of 
Acn....;o.sZ&-.ya..-- c bv these externaltwo factors is essential: 

(I) Since the f rst larval instar has a reduced sensorial 
and locomotory equicment, She cannot find the 5ean seeds herself. 
Therefore the adult looks for the trophic environment of the
 
larvae and lays her eggs So the larvae are, when they are
in it. 

born, in an environment favourable to their develoDment. 

(2) The females utilize mainly the larval reserves tor repro
duction. This renulation of ooqenesis and oviposition due to the

mating lir-its the cocyte losses by alloinr only fertilized eggs 
to be released., that i- those .-v give offspring.can 

This biological stud/ shows that the reproduction of 
AcanithoccZ-is-.'c obtect.wo is perfectly adapted to the storage con
ditions and helps to understand how the contamination of seeds 
can occur. It explains why the attacks can be so important, and 
go on after the seeds store has been first contaminated, thanks
 
to the development of 
numerous successive generations. In effect
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A. obtectus (an insect of equatorial origin) does not present any
 

diapause In the ordinary conditions of seeds storage. McGuire
 

and Grandall (15) estimate the bean seeds losses caused by that
 

insect In Central America at 35 percent. Schoonhoven (3) esti

mates them at 20 percent In Colombia, bui these are only average
 

estimates and our observations show that in small Colombian farms
 

the losses are undoubtedly much higher.
 
Therefore it is important to try and discover efficient
 

and cheap control methods, especially to protect the crops of
 
These methods can be
small African and South American farmers. 


worked out at several levels:
 
(I) In the fields, to limit the attacks before harvesting
 

the grains. The adult insect's feeding and development conditions
 

In nature must be known precisely, as well as its relationships
 
with the host plant. Besides it is indispensable to see, especially
 

in South America where a large number of wild Phaseolinae grow, If
 

there are not any other plants whose grains might shelter and feed
 

Acanthoscelides obtectus when Phaseolus vulgaris grains are not 

available. The first results we got show that the insect stays
 

a very short time in Phaseolus vulgcis crops (essentially at the
 

time when the pods are ripe). Therefore it is only at that time
 

that a chemical treatment could be undertaken, but its efficiency
 

is doubtful because it will not reach the larvae and the eggs laid
 

Inside the pods before the Insecticides are u,ea.
 
(2) When harvesting the grains. Labeyrie (16) has shown that
 

harvesting the pods when they are ripe and shelling them immediate

ly afterwards reduces the attacks considerably. That technique
 

separates the eggs (which are generally stuck on the inner side
 

of the pods) from the grains. So there is no possible development.
 

(3) When storing the grains. Various techniques have been
 

recommended (fumigations of insecticides, utilization of males
 

sterilized by irradiations ....) but +here again, they often have
 

a limited efficiency. It Is very difflcu!t for small farmers to
 

put them into practice because of their cost. Taking into account
 

the biology of Acanthoscelides obtectus, which is very sensitive
 

to temperature variations and develops badly In a temperature
 

above 30'C (17) we have tried to see if storing the grains at a
 

temperature of 36°C could not limit the attacks.
 
LuDoratory experiments show that larvae develop badly
 

(larval mortality of 70 to 80 percent), and that adult reproduc

tion Is considerably disturbed.
 
In males the structure of spermatozoa is often altered,
 

and their grouping into spermatodesms does not occur because the
 

cystic cells are destroyed (Figure 3). When these males mate with
 

sample females reared at 27°C, most of them release a small sper

matophore which has no stimulating effect upon oogenesis, and
 

brings no spermatozoa (18). In females, reared at 36°C the forma

tion of oocytes Is also altered. The synthesis of vitellogenic
 

proteins actually occurs in the early imaginal life, but It does
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Figure 3 :
 

Influence of a thermal treatment upon the testis
 

structure
 

1) Section of a testis of a male reared at 27*C (x 250)
 

2) Section of a testis of a male reared a: 36 0 C during
 

10 days ( x 250)
 

A spermatogonia cysts
 

B spermatocytes cysts
 

C spermatids cysts
 

D spermatodesms
 

In soction 2, the gathering of spermatozoa is
 

disturbed
 

3) Ultrastructure of a spermatodesm of a male reared at
 

27*C (x 14000)
 

4) Ultrastructure of a spermatodesm of a male reared at
 

360 C (x 14000)
 

Some spermatozoa are abnormal (arrow) : presence
 

of 2 or 3 flagellum, of numerous accessory body,
 

and, alteration of the matrix.
 

Cyst : cyst cell spma : spermatodesm
 

ga : matrix
Spmt : spermatozoa 
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not get Incorporated. 
 The activity of follilcular cells which
 
play an Important role in incorporating vitellogenic proteins (19)

is disturbed by the heat treatment (Figure 5). 
 This method of
 
protection, which is quite cheap, 
is interesting because Khelills
 
researches (20) show that it does 
not seem to affect the germina
tive caDacitv of seeds.
 

(4) Selection of resistant .Z,2aZolZ.1 varieties. Legume
seeds, and speciall, those of Phaseolinae contain toxic compounds
such as phytohaerancltinines, inhibitors of proteases, cyanogenic 
glycosides, non protein arinoacids. Jannen (21) points out that
 
each species of 3ruchidae develops only ir" a lir-ited number of
 
seed snecies, because it can detoxifv 
 nl,,, cor-ain compounds.

Therefore beans could Le selected, w',-it se containing certain
 
co'naounds the insect coil" not 
 use (ann that WOu,ld not be toxic
 
for -an after coc<inc and woa d not alter the taste of 
 the food...). 

In CONCLUSION, ..,e think it is necessary to use a whole 
lot of techniques in tr-a fielas as well as in the stores (insecti
cides, Dhaseolus variet is viih resistant seeds, heat treatment,

maskinc '-ore or leas :o-Dletely the stimulation coming from the
 
host plant). -.s Lab yrie 
 (22) Doints cut, repetitiveness of the
 
same treatment 
 ust e ,i Jed above at I. In effect "Resistance 
to interventions for th: protec'lon of crops is not related to
 
the nature of 
the intervention but to the reDe+itivensss of the
 
phenomenon." ny 
rep.itior, of the sa-e method necessarily

results in the selection of resistant 
insects owing to the genetic

heterogeneity of -oc-latio-s.Thus, if the treatment is 
repeated re sjlarly over several generations, qiven the variability

of results, ,e rapidly get heat resistin d, insects.
 

Usina various methods, which follow each other without
 
any defined frequency, limits the emergence of 
resistant Individuals
 
and enables one to protect the seeds with a maximum efficiency.

In effect each 'ethod "exerts a selective pressure in a different 
direction, operates on 
different types of individuals."
 

It is in that direction that we must turn to develop

effective methods of control, 
which must take into account the
 
insects' biology 
in the fields and in stores, as well as the
 
genetic polymorphism of populations.
 

SUMMARY: The bean weevil Acanthoscclids obtectus is
 
an insect originating from equtorial regions of Latin America. 
This insect has 
followed the spreading of its preferential host
 
plant (PhcwcolavzI(7Zaris) in the world. It thrives only In 
regions with a temperature climate where the average day tempera
ture remains under 30'C. This 
insect shows a double oviposition

behavior since it can attack Phaseolus vulgaris in the fields or
 
in stored seeds.
 

The researches have shown that two external 
factors
 
(presence of seeds of the host plant, mating) stimulate oogenesis
 
and egg laying. This regulation of reproduction is important and
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4 

FIGURE 5. Influence of a thermal treatment upon the female
 

reproduction.
 

Longitudinal sections of ovarioles
 

I) 6 days old female reared at 270C with oocytes 3 and 4 In
 
vitellogenesis ( x 50)
 

'" 0 days old female reared at 270C: the ovariole contains
 
only oocytes In previtellogenesis ( x 170)
 

Base 	of the germarium (female reared at 36'C): the thermal
 
treatment changes th, structure -Ind The organization
 
of the follicular cells as indicated by stars ( x 250)


Follicular cells around the ooctyes .t 1female reared at
 
270C ( x 250)
 

& Terminal oocyte of an ovariole after a thermal treatment:
 
the follicular cells (stars) are destroyed ( x 250)
 

P': 	 follicular cells G: germarium N: oocyte nuclear
 

Pr U: previtellogenic oocyte Tr: trophocyte V: vitellus
 

Immunological detection of viirEHlogenic protein inthe female's
 

haemolymph by OUCHTERLOINY technique
 

w Before the thermal treatment the young females (I to 6) do
 
not have synthetized vitellogenine (all reactions are
 
necative)
 

7) The females produce vitellogenic proteins during the thermal
 
treatment (all reactions are positive)
 

SV: 	 rabbit antivitellus serum T: extract of oocytes
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allows production and emission of fertilized eggs inconditions
 
favourable for the development of the larvae which use bean seeds
 
for their allmentation. The reproduction of Accnthoscelides
 
obtectus is perfectly adapted to the storage conditions; It
 
explains the importance of the damages.
 

Elaboration of efficient and cheap control methods Is
 
complex. The sensibility of Acanthoscelides obtectus to the
 
thermal variations could be a technique for control. A thermal
 
treatment at 36'C sterilizes male and disturbs oogenesis. It
 
causes an i-portant reduction of the seeds loss due to Acv2thos
celioA~t.sjcu durina the storage. However a single technique 
cannot be efficient. It is necessary to use various methods which
 
follow each cther without any defined frequency and limit the
 
selective pressures allowing the development of resistant
 
individuals.
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SELECTION OF SUITABLE FOOD TO BE USED
 
AS BAIT FOR RODENT CONTROL IN JAMAICA
 

D. B. JAYASINGH and K. R. WALKER
 
Food Storage and Infestation Division
 

Ministry of Industry and Commerce
 
20 Hope Road, Kingston 10
 

JAMAICA, WEST INDIES
 

Is sure to
INTRODUCTION: Anyone involved In rodent control 


wonder what kind of bait to use to attract the rats and mice. In
 

many cases the failure of control is due to the simple fact that
 

they do not eat enough bait. Inother words, the success of
 

rodent control to a large extent depends on the palatability of
 

the bait when mixed with poison. Vhen an anticoagulant or a
 

single dose poison is added to the bait, the final mixture must
 

be sufficiently attractive and tasty to entice the rodents to eat
 

It In preference to what they can get in their Immediate environ

ment. Rats are omnivorous, eating nearly every type of food,
 
its own preference. For example,
although each species has 


Norwegian rats (R-zttzu!s no'zegic.s') avidly consume man's garbage, 
whereas the roof rat (R. rattuo) and Polynesian rat (R. exlucos) 

However, they all feed to
generally prefer more plant food. 

cereals, nuts, fruits, vegetables and
variable degrees on 


habitat conditions.
Invertebrates, depending on 

There seems to be no universally acceptable bait, and
 

For example,
regional or population differences are common. 

to prefer corn-R. norvegi*cus In the eastern United States seers 

is true in some parts of westernmeal to oats, whereas the reverse 
United States and Canada (I). The only sure way of determining
 

the most acceptable bait ina local population isto conduct care-

Once the preferred
ful food-preference tests with non-toxic food. 


food has been established, its palatability with poison must be
 

tested both in the laboratory and in the field.
 
Since our Division Is also concerned with rodent control, the
 

following experiments were undertaken to determine the most
 
InJamaica.
suitable and acceptable bait for their effective control 


Insececting the suitability of a bait, the following criteria
 

were kept Inmind: (I)the bait had to be attractive to local
 

population of rats, (2) ithad to be palatable after mixing with
 

poison, (3) it had to be easily available and at relatively low
 

cost, (4) itshould permit even mixing of the poison, (5) It
 

should be easy to mix and easy to handle, (6) itshould be effec

tive under a variety of circumstances.
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METHODS AND MATERIALS: An experiment was carried out on roof rats
 
which wore trapped at the University Hospital kitchen InMona.
 
These rats were transp,.rted Fo the laboratory and caged indlvidu
ally for about t,,,o weeks before being tested. During this period
 
they were fed with standard laboratory rat food (i.e. rat chow).

Ten rats (five male and five female) were randomly selected, 
weighed and transferred into the test canes. Th.y were kept there 
for a further two days so that they coulc' settle down. During the 
pericc of the -xerient, the test caie . -laced as symmetri
cal ly as Lossile in relation to the i.,,i. nd other sources of 
st irmuiationotat "i.t encourace feedin . side of the cage 
rather t.1 a2- e ct:er. The sam-e te r'it-. ,.,ere used for all 
food Pref-erence Tests refore and af the rats were fed 
only dith a.ratory standard diet in 'he siave type of container 
that ,,as TO . rDr "estins the different food materials. 
T t.es f .r cr testec at ome ti-- to see h.,6ich one of 

.,.:r nto ofthe a r -,.,o food con+ainDrs si"i lar size and 
for- a sufficle + a'-o'cnt o- weiched food ..;as ilaced. Afier 
24 ho.rsD - -'iners ..ere raweiihe (t(the b if any, was 
ccl le,_e-: ' the -espect'ive containers) to determlne 
the a7-:wnt =- S . . y eac- ra. For the succeeding
three :av's si-i h r :r.-ceu!,.re was fol lowed, thei,'t position of 
the conTairs i e cere ',-,as aI+erra+e." to a,.,oid any preference
that rat -,i tch to position. The following foodsS any 
were ,CCo' : (1 .2) Dry corn and dry,, ,.Jhea', (3 and 4) soaked 
core an1% ac.e .,.n± (5 and 6) plain corrneal and plain wheat 
flour, (7 a £) =.crnmeal with surar and wheat flour with sugar,
(9 and K ) cic~e' feed (broiler) and ca+ti feed. 

RESULTS AND DISCUSSION: Dy considering the weioht of food con
sumed b'y rats (Table 1), ,.iecan arranne the ten different foods 
in order of "-rf r.-oc(Table 2). Soaked corn is the most pre
ferred fcllo e: ',, referred one wascnicken feed, and tho. leas t 


the plain ...,heat flour. However, soaked corn, cannot be recommended 
as the r-st - .'able bait under all circumstances, due to the 
probems aszso -,J with soakinq and the difficulty in mixing the 
poison, and further, under our climatic condition the soaked corn 
either becomes mouldy or dries out quickly. Moreover, such a 
preparation has - -o done for each treatment. The next choice, 
chicken fe,,,ic ss in oellet form, can easily be eaten by 
rats. Hence it war necessary to find out whether rats preferred
this for its aet fortn or for something else. Therefore, the 
chicken fee,-was crushed like cornmeal and was given to the rats 
in comparison to Dlain cornmeal. Table III shows that out of ten 
rats, six preferred around chicken feed but there was no signifi
cant difference in the amount of food consumed (P>O.05). This 
suggests that the rats preferred the chicken feed for its pellet 
form. Here again we cannot consider the chicken feed as the ideal 
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Table III. 	 Preference shown by R. rattus towards
 
ground chicken feed and plain cornmeal
 

Rats Chicken feed Plain cornmeal 
consumed (g) consumed (g) 

Sex :Weight per 100 (5)body : per 100 (g)body 
(g) weight of rat weight of rat
 

F 150 8.00 14.66
 
F 128 3.90 25.00
 
F 140 11.42 12.85
 
M 190 16.84 6.84
 
M 170 17.05 8.82
 
M 143 5.06 15.38
 
M 149 : 8.05 7.38
 
F 100 19.00 4.00
 
M 132 15.90 6.06
 
F 125 20.80 3.20
 

Total 	 126.02 104.19
 

Table IV. Comparison of food preference shown by rats
 
towards plain cornmeal and plain wheat flour
 
at the University Hospital
 

: Cornmeal ::Wheat flour
Box No. No. of g. eatenBox No. of g. eaten
 

I A 6.3 I B 7.6
 
2 A 31.3 2 B 12.7
 
3 A 10.2 3 B 1.2
 
4A 0.0 4B 0.0
 
5 A 2.5 5 B 1.3
 
6 A 13.8 6 B 6.3
 
7A 18.0 78 9.8
 
8 A 17.0 8 B 5.3
 
9A 0.0 9B 0.0
 
0 A 0.0 0 B 0.0
 
I A 0.0 I B 0.0
 
12A 0.0 12B 0.0
 
13A 0.0 13B 0.0
 
14A 0.0 14B 0.0
 
15A 0.0 15B 0.0
 
16A 0.0 16B 0.0
 
17A 0.0 17B 0.0
 
18A 0.0 18B 0.0
 
19 A 0.0 19 B 0.0
 
20 A 0.0 20 B 0.0
 
Total 91.10 44.20
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bait due to the high cost and the problem of mixing it with
 
poison. Our next choice would be between cornmeal with sugar or
 
plain cornmeal (Table II). The difference in weight between these
 
two or between the percentages of preference Is not significant
 
(P>0.05) enough to choose cornmeal with sugar. Moreover, when
 
sugar is added to cornmeal, insects, particularly ants, are
 
attracted and we have to consider also the additional cost In
volved in addina sunar. Hence, the most suitable bait according
 
to the presen+ exDerimen+ is plain cornmeal which was ranked fourth 
In the order of preference. Having establiished it as the most
 
suitable bait, its palatability and preference after mixing with
 
poison should be tested both in the laboratory' and in the field.
 

Field trial. Since at p-esent we re using plain wheat 
flour as bait, it .'as necessary to conduct a test in the field to 
find out whether the rats preferred plain cornmeal or plain wheat 
flour. This test ias done at the University Hospital kitchen. 
Two cardboar! boxes of similar sizes (II x 8 x 2.5 cm) were sep
arately flilled , it a k.o.n. weight of slair cornmeal and plain 
wheat f~er eaech 20 -Dints, these cardboard boxes were
 
placed side by sice or a niece of pa:er (+he PaPer'was used to 
collect an'y' sci lane) and were left f,-r three days, then later 
collected and the contents reweighed.. Of these 20 points, rats 
ate the food at only seven places (Table IV) and consumed more 
cornmeal (91.10 z) than plain wheat flour (44.20 a) (P<0.02). 

Laboratory test. Having established that rats preferred
 
plain cornmeal bcth in the laboratory and in the field, it was 
necessary to conduct a palatability test to determine whether the 
acceptance of the plain cornmeal was affec -ed in any way by the 
addition of poison (warfarin at 0.025i). Althouch rats preferred 
the plain cornmeal to the poison cornmeal (P<O.02, Table V), its 
acceptance ''as reduced to orly 37%, which is not unexpected 

Laboratory test and field trial. Si ice at present we 
are usina wheat flour and warfarin (0.025%) as the hait, it was 
necessary to compare the palatability of this with that of corn
meal with 0.025% warfarin both in the laboratory and in the field
 
by using the methods described before. It will be observed
 
(Tables VI and VII) that in both situations, rats preferred the
 
cornmeal with poison than wheat flour with the same amount of
 
poison (P<0.02).
 

CONCLUSIONS: Based upon the number of grams of food consumed and
 
number of rats that preferred the food, we can superficially con
clude that the soaked corn was the best bait to be used; however,
 
owing to the difficulties mentioned earlier, plain cornmeal seemed
 
to be the most ideal bait for Rattus rattus in Jamaica. One Im
portant discovery in this experiment was that the wheat flour was
 
certainly not the most preferred bait as It was formerly believed
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TABLE V. Results of palatability test using cornmeal + 0.025%
 
Warfarin and plain cornmeal
 

Rats
 
Intake of 	bait (g) :Intake of plain cornmeal
 

Sex :Welghtlper 100 (g)body weightper 100 (g)body weight
9
(g)
 

M 150 4.66 27.33
 
M 165 8.48 9.09
 
M 105 15.23 20.95
 
F 90 10.00 16.66
 
M 145 13.10 20.68
 
M 140 14.28 10.71
 
M : 180 16.66 	 17.22 
M : 210 3.33 9.04
 
M 120 3.33 10.83
 
F 100 9.00 13.00
 

Total 98.07 	 155.51
 

TABLE VI. 	Laboratory palatability test using cornmeal + 0.025% 
Warfarin and wheat flour + 0.025% Warfarin 

Rats
 
:Intake of cornmeal bait :Intake of wheat flour bait
 

100 (g)body wt. :(g) per 100 (g)body weight
Sex :Wetqht*(g) per 


N 154 18.83 3.24
 
F 114 23.68 0.00
 
M 254 8.66 6.66
 
F 149 16.10 0.00
 
M : 102 21.56 1.96
 
F 137 20.43 0.72
 
F 135 20.74 2.22
 
M 129 23.25 0.77
 
F 124 20.16 9.67
 
M 199 19.54 1.50
 

Totol 182.95 	 26.74
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Table VII. 	 Field palatability test using cornmeal + 0.025%
 
Warfarin and wheat flour + 0.025% Warfarin
 

:Intake of cornmeal: :Intake of wheat
 
Bait box No.: bait (g) :Bait box No.:flour bait (g)
 

I C 22.0 1W 0.0
 
2 C 19.0 2 W 0.0
 
3 C 0.0 3 W 0.0
 
4 C 13.8 4 W 2.6
 
5 C : 3,5 5 W 1.2
 
6 C 4.5 6 W 1.6
 
7 C 0.0 7 W 1.7
 
8: 	 4.6 8 W 1.0
 
90 3.0 9 W 0.0
 

I0 C 7.0 10 W 0.0
 
II C 3.0 II W 0.0
 
12 C 3.9 12.W 0.0
 
13 C 3.6 13 W 1.3
 
14 C 	 1.6 14 W 14.0
 

Total 	 89.60 
 23.40
 

to be. This was demonstrated beyond doubt both inthe laboratory
 
and in the field. However, It is well known that the food prefer
ence of rats varies from place to place depending on the avail
ability of food types to the local population. Within Jamaica,
 
there may be slight r-eional variation In food preferences, but
 
for all practical p!rposes, we can conclude that plain cornmeal
 
isthe most suitable bait overall among the foods tested In this
 
experiment.
 

REFERENCE:
 

(I) Howard, W., and Marsh, R. (1974) Rodent Control Manual.
 
Pest Control 42(8): D-U.
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THE IMPORTANCE OF PHYCITINES ON IMPORTS TO BRITAIN
 
INRELATION TO THEIR BIOLOGY
 

P. D. COX
 
Pest Infestation Control Laboratory


Slough, ENGLAND
 

INTRODUCTION: During the past 35 years, Advisers of the Ministry
 
of Agriculture, Fisheries and Food (MAFF) and the Department of
 
Agriculture and Fisheries for Scotland (DAFS) have been examining
 
cargoes of stored products for insects on arrival in Britain.
 
Information is recorded on the degree of infestation, the species
 
concerned, the country of origin and type of cor:modity infested.
 
The present paper analyses the records of one particular family of
 
insects on imports to Britain from all over the world for the
 
period 1967-76, during which time nearly 70,000 cargoes were
 
inspected.
 

The most commonly imported moth is the Tropical Ware
house or Almond moth, E iestia cautella (Walker). It is second 
only to the Flour beetle, Tribolizon castanceun (Herbst), both in 
terms of frequency of import and actual numbers. E. cctella 
belongs to the family Phycitinae which contains the largest num
ber of moth species infesting stored products not only in Britain 
but throughout the world. 

This paper also discusses the pesi status of each
 
species In relation to our current knowledge of their biology. In
 
recent years a considerable amount of work has been carried out
 
on the biology of storage Phycltines. All the species described
 
here have been the subject of detailed study at the Pest Infesta
tion Control Laboratory (PICL), England, although currently work
 
is concentrated on Ephostia cauteZla, Epkcsti-a kueb1i&lla Zel ler, 
Ephestia elutolca (Huebner) and Plodia iztcrue2 ctella (Fluebner). 

Interpretation of records. Records of a particular
 
species on a cargo should be interpreted with some caution but
 
provided the following points are remembered, the records can be
 
a valuable addition to our knowledge of the distribution and pest
 
status of each species
 

(a) Although an insect found on a cargo arriving inBritain
 
probably came from the country of origin of that cargo, It is
 
possible that itwas acquired by cross infestation Inthe ship
 
during the voyage. Similarly, the finding of a particular species
 
on a foodstuff does not necossarily mean it can complete its life
cycle on that commodity, since itmay have strayed onto It from
 
another cargo inthe same ship. Cases where this seems likely to
 
account for an unusual occurrence of a species are Indicated as
 
such In the tables to follow. Each record should be considered
 
together with what isalready known of the insects' biology.
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(b) The number of records of a species from a particular
 
zoogeographic region or on a particular commodity may reflect the
 
volume of trade involved and the efficiency of control measures
 
as well as the actual frequency of occurrence of the Insect. As
 
far as possible these factors are taken into consideration as each
 
species is described in the present paper. In some of the tables,
 
the number of records are expressed as a percentage of ship In
spections carried out. During the period 1972-1975 just over half
 
the tonna:je of infestible commodities Imported was inspected.
 

(c) I have used the system of zoogeographic regions adopted
 
by Aitken in her book 'Ins--c+ Traveller.- - Coleoptera' (I). This
 
is based on the riatural renions of Jeannel (2) with minor changes
 
to take into 2ccount natiorl borders, since rAFF records all
 
relate to individual countries and not usually the particular
 
reiion in a country.
 

- .x7.. . . |-- -- .'-a , 't. , " t ' 

:3 11. j-r
 

I/',f ;7 f .-...,THE WORLD" 

II " I 4 IP; J' I 

Figure 1. Zoogeographic regions of the world (After Aitken (1)
 
(1)North America, (2)Central and South America,
 
(3)Africa, South of the Sahara, (4)Northern Europe,
 
(5)Mediterranean, (6)Orient, (7)Australasia.
 

Analysis of Infestation by region. The percentage of all cargoes
 
found to be infested by Phycitines over the 10 years was just over
 
12, and ranged from 24% for Africa, South of the Sahara with over
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E. cautella and 600 for P. interpunctella, whl le Ephestia calidella 
Guen~e, E. kuehnieZla and E. elutella had between 50 and 30 
records each. L:estia fi-ziZ'l,?Zla Gregson and Ectomyelois cera
toniae (Zeller) had less than 10 records each. 

The Mediterranean was the only region with records of all
 
species, and 2 of the species, 5. calidcl and c' l
 

ceratoninac, 'ere only found on cargoes from this region. E. figu
?loi~oa also celon~ to this category because the record of thls
 
species fro- ,frica is unconfirmed. itcla, E.F. caZ:tela and
 

:.... 7 reoions, although F.
 
eit.ut.a is not endemic In most parts of " '.ouh 

P. .... ,,'lre recorded from all 

America, Africa,
 
and the Crient, and so infestations of this s2 ecles on cargoes

from these re-:ions are c doubtful oriH-i. 7. ::. ia7.a was de
tected on car oes fro- all regions except Africa, South of the
 
Sahara, and -etral/South merica.
 

lt is -eneraIly believed that 'spp. and Ectonre
lois " -re f' "eiterranean ori.in, .iith Plodia probably 
from the .,>-ericas (7). m-o,..,ever, ,ith the exception of E. caZidella,
E. fj. .... -nrio the other 4 species are
 
virtually c t...in . ributicr throuch world trade.
 

rIna h,-s -,rcose' a climatic elasticity index as a measure
 
of the a iiit'- sf each sDecies to adapt to various climatic zones,
 
based on i-t.2 -ration of :Dh'sical intrinsic
,e l i its data and 

rates of incres (3). Jsin-i this incex for the Phycitines, in
 
order of eei Jautability, the species are '.
F. &;:nicZla 
(600), . o:'*. - (75 ~7. :'...... !"-z (330) cli1ella 
(230), E. c Zoio Indexes for E. -ri Ziiolla and(i65).
EctomeiZ-o-,O ,;ogton-it are not civen by SI nh7 uLrt, databased on 

from Cox (5, d,)and unpublished data, they, .ould probably he at
 
the lower eni o+ the scale near E. cIZ ' : it is interesting to
 
note that, coart fro-, E. -,:-",i,377a, this r-er is the sar-,e as
 
that for tne ou-ber of records of each species on imports to
 
Britain frD all over the world. :7.k 'l is not at the top 
of this lisl rronably because it-can thrive only on a much narrower 
rance of foodstuffs than E. c Zt,tla, the former mainly being con
fined to cereal and cereal products. Furthermore, these commodi
ties are generally imported from reglons, such as North Arerica,
 
with low levels of infestation of all insects on imports.


Analysis of infestation by commodity. Commodity groups
 
chosen for table II are those with the higher levels of infesta
tion. The table also demonstrates the success of E;. cauntella on
 
stored products, in that at least 4% of all cargoes inspected in
 
each commodity group were infested with this species. Commodity
 
groups with the highest number of records of E. cautclla were oil
seeds and products and cocoa beans and products, each with nearly 
40% of cargoes inspected being infested. 

PLodia was also recorded on all commodity groups but 
this species only reaches a maximum infestation level of 3%, on 
nuts. E. elutella, whilst infesting all the major groups, never 
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reacheJ tke !I level of Infestation and the record on oilseed was
 
!custful. i seeds and products and cocoa beans and their
 
rodu:.... . "ost frequently Infested ccmmoil ties, with 405
er th 

of car oes exn"-ined hein! infested by one or more secIes of 
t'.Crcbs and carob Droducts ware the next most frequently 

'fe:t.. co'-od ities (3<), ,ith E, ,.wta.,. accountinq, for 26' 
Thirteen)7. Dercent of nuts were infested with 

:72.. V7-' , arnd Gr of dried fruit carcoes. 

yyhy~ -as :om r-tes of Table III shows hcw the:,aI infestation. 


Table I1. Frequency of infestation hy ccc:,, Zat
a
 

* Total ''o. records oer IOC insnections
 

: 10-year

:1967-8 :IP69-73: 1971-2: 1973-4: 1975-6: mean
 

.(fi.3> of 

r 3 26 22 19 17 ?3
 
rii 15 17 16 16 14 15
 

.ri.ca 14 13 12 14 17 14
 
Strain s i a C 8 6 9 II 8
 
"iTrre~n. : 7 7 4 5 5
 

Srica ( , : 2 <I <I I I I
r', .. <1 -<1 < I <1 <1
 

Total all re-ions 2145 1828 1507 1291 1067
 

of i sne:
tions 15 13 10 10 9
 

level of Infestation of 2. cauteZla, the most frequently recorded
 
speclesl, has altered Dver the 10 year period. There has been a
 
steady fall in the 5 of cargoes infested, from 15 In 1967-8 down
 
to 9 -, i07., host of this reduction Is due to a fall from 34
 
to I7' In tl- .arr;oos infested from Africa, South of the Sahara. 
There ':a- siirific7rnt chanao in infestation levels for the 
other s , excent for P. iten.irnctZl7Z which fell from 6% to 
I% in rgr-s from the redlterranean region. 

The Imioortance of each species on imports will now be
 
considered: in relation to our knrwled,1e of their biology.
 

Em .t .... This species is able to develop on a remarkcm .la. 
:bly wiide range of stored products, being a pest of cereals, oil
seeds, cocoa, nuts, dried fruit, carobs, and their products
 
(Table IV). Whole cereals and soybeans are poor fopds for this
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Table IV. Records of 5'ohestia cautelZa on imports
 

No. records Region with. largest
 

all regions 'No. cargoes infested
 

Oilseeds, 
Olseed products 3665 Africa, S, of Sahara 

Gra I n, 
Grain pro6,jcts oil Orient 

Cocoa beans, 
Cocoa bear Products: q19 Africa, S. of Sahara 

;Iuts . 546 Orient 
Pu Ises, 
Puse products 300 Africa, S, of Sahara 

Dried fruit : 247 Mediterranean 
Carobs, 
Carob products 116 Mediterranean 

Dthers : 1034 Orient 

species, presumably the hard seed coat preventing penetration by
 

larvae (7). Larvae are unable to develop at all on whole black
 
these foods greatly IHgrams and lentils, although crindIng Lip 

Droves their suitability (8). 
7....i la has soread throughout the world by trade 

although it is basically a species of warm, trooical countries. 

It requires a minimum of 15'C for complete development (9) and 
17'C for annual doubling of numbers (I0). It can, however, breed
 

in warehouses in temoerate climates during the summer, a I though
 
i,.ortal ity may Se heahvy in winter (II). (1t2in( ) has shown
 

It to be r~uh less cold tolerant tha n ,. , uT:-;'o and .7. ,.u,telia
 

In Swoden. It is also able to establish itscdf in heated premi

ses, such as the spillaoe inside machinery and sample rooms of
 
are
food-processing factories (13). Uppor limits for development 

R.H,about 30%1, develonment heing fastest at 30-32'C, and 70-80e 


(a). Limiting humidities are about 20% and dbove 90% R.H.
 

Plodia Z:tor~uctlt'7Za. Piodia, like the Previous specics, has a 

wide host ranqe but is particularly troublesome on dried fruit, 

grain products and nuts (Table V). It also develops well on whole 

grains such as ,,heat (14). 
This species Is an Important pcst of stored food products
 

in most parts of the world, although It is basically an insect of
 

warmer climates. It requires a minimum of 18'( for annual
 

doubling of numbers, and has a range of 28-32 0C for optimum
 
to E.. cautella (10). It occurs sporadicallydevelooment, similar 

Plodia Is slightly
in warehouses In temperate climates (14). 
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Table V. Records of Pkolia "n-ten~pzt,.Z7a on imports 

Vo. records Recion ,it lares+ 
all revions 'o. cargoes iHfested 

.- : 167 '.ni iorr -ePan 

rrnct-I-se Afria f r
1
 

Grai r,, 

', - L. '' 

. .. Afr vi-,. Sahara
 

P~~ r 7 -0 

*-r.'- *777. xAo 74 Q~r te survi vo some 
..-.r. - 7rii s ;K7 ir 57, nr7 E-720nd (Q )-, The ""nimiUm .. i Vqlnme, i n-r (-1 ) 5 .,-, (16). 

" --:, ' .. r'. i7 - ,-. r . st 7f flour
 
- I;s ..... -. ,era Iafe,7ki; : -ies
a' te. ' sn is also 

-4n 'r; in 7T, sa-VPor v of the .orld ",' !t has been soread 
throunK trise. to..e.'er, it is rarely rR-entar fr:7 Irdla, the 
Far East a.art fro- J-ar, and some Par-s M Africa 'here it 
a n ars +c Do ran Ilaced in IfI ur - I I ." . .. Oand C cra 

tcerhalrnica - r 0- insort t + rit-inPb; (17). it is mainly
confined -t t 5 frc, Anr7alasig, i. N-eica and n. FuroDe 
(Table VI). L . or - + ry studies have Win th-t far cornnete de
velooment, Iower limits are arcund WO4 and near Of . , and 
upper limits near 154 9nd ahove 751 2.". (19). Infertility of 
adilts at 373'nre'nts 9 se-ond neneration eni established at 
this temper+,ure (IC). T"W, the tenmerature requirements of 
E. ' H M', r -. I,, i-,n.n , nr - 'r,ro i Kr .-- ,ne on imports 
from Central an! 'on- Anorica, mch of Afric and the Orient. 
It is also .n..it in its saread by a limited ability to 
develon on differer- foods, heine confined mainly to cereals and 

-cereal Drod ts. AIthouch develonment has been demonstrated in 
the laboratory on cocoa beans, dried fruit, nuts nd pulse
products, it is much slower .ith lower survival than on cereals. 
Table VII records the ability of each s'ecies to develop on the
 
majcr types of stored foodstuff, based on laboratory data from a 
number" of sources includlnq our own work at PICL. 
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Table VI. Records of Epheetia kuehnieZla on imports
 

No. records Largest number
 
all regions cargoes Infested
 

Wheat, wheat
 
products 17 America, N.
 

Maize, maize
 
products 6 Europe, N. America N.
 

Rice 5 Mediterranean
 
Other grains 3 Australasia
 
Peas, pea products : 6 Australasia
 
Gallnuts 	 . I Orient 

Table VII. 	 Ability to develop on various commodities, mainly
 
based on published laboratory data
 

:Cere :i/ :Cocoa 	 e s
Soya :r 	 ; :

:Cereal/ bean/ :bean/ Nuts :Dried :Pulses/:Carob/
 
:roprod. :fruit :prod. :prod.

:prod. :prod
 

Z. caut. Y(9) Y(34) Y (9) Y(24) Y(24) Y(8, Y(24)
 
P. inter.: Y(14) Y(34) Y(36) Y(14) Y(14) Y(37) Y(*) 

caliL.: Y(32) ? ? Y(24) Y(24) ? Y(24) 
E. kuehn.: Y(19) X(34) X(36) X(*) X(20) X(20) X(*)
 
E. ieut. : Y(35) Y(34) Y(35) Y(38) Y(35) Y(35) Y(*)

E. fig. : Y(32) X(*) X(*) Y(24) Y(24) Y(*) Y(24) 
E. cera. : ? Y(39) ? Y(27) Y(32) ? Y(32)
 

Y: Able to develop from egg hatch to adult emergence, with good
 
survival.
 

X: Unable to complete development or only very slowly and with
 
poor survival.
 

?: No laboratory data available.
 

(): Numbers refer to references at end of paper.
 

(*): Unpublished data from recent work at PICL. 

Fraenkel and Blewett suggested that part of this species'
 
success on cereal products such as flour was due to its relative
 
insensitivity to lack of riboflavin in low extraction flour (19).
Furthermore, E. kuehniella can develop equally well on starch and 
glucose, unlike other Phycitines. Itappears to feed indiscrim-
Inately on germ and endosperm of whole grain, although first 
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instar 
larvae can only feed on whole gra!n when It is damaged (20).

This may be a factor in the lower incidence of this species on
 
whole grain than on cereal products.
 

The ability of E. kuehniella to develop at exceptionally

low moisture content/R.H. is probably another reason for Its 
suc
cess 
in flour -ills, and hence its abundance on imports of milled
 
cereal products.
 

Thiw, s~iacz -7,1eila. . elutella is found on.
 cereal products less
frecuently than :. k uhnie~la but Is able to develop on a wider 
ranne of foodstuffs than the latter species (Table VIII). Both
 

Table VIII. Records of Zn'hestia eZuteZia oil imports 

.No. records Region with largest
 
all rea;ons No. cargoes infested
 

Grain, orain products 9 Australasia
 
Dried fruit 
 : 7 Mediterranean
 
Cocoa beans : 4 Europe, (trans-


Arierica, . shipped)

Nuts 
 . I Mediterranean 
Carobs 
 . I Mediterranean
 
Peas 
 . I Europe, N.
 
Others 
 : 7 Mediterranean
 

facts are reflected in their incidence on imnorts: 31 and 9

records on cereal and cereal products for E. kuehniella and
 
E. elutellZ respectively, but records on 
2 and 6 other main com
modity groups respectively, although the record of E. elutella on
 
oilseed is doubtful. E. elutella Is also the only storage moth
 -o be found regularly on tobacco.
 

This species does not develop very well 
on low extrac
tion or even whole meal 
flour (19). On whole grain, only the
 
embryo is eaten, leaving the endosperm untouched, unlike E.
 
kuehniella which eats both.
 

Although both species have been spread throughout the 
world by trade, E. eluteZa is essentially a species of temperate
climate where it can be a serious pest on whole grain kept in 
store for several years(21). Its infrequent appearance on 
imports

probably reflects its comparative lack of success in establishing

itself in the more tropical regions. 
 Furthermore, vigorous control measures in N. America and other temperate regions, together

with the short storage periods of grain before export, have con
siderably reduced Its occurrence on imports from these areas 
in
 
recent years.
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In the past, E. elutelUa has been frequently confused
 
with E. cautezla. Thus, early records in the scientific litera
ture of the former species are of doubtful value In establishing
 
Its world distribution and ability to attack particular products.
 

The small number of laboratory studies conducted on this
 
species have shown that it can complete development at 150C but
 
not at 100C (16). Individual developmental stages are able to
 
survive much lower temperatures than this, however. At 301C,
 
a!though development is completed, only a few of the adults bred
 
at this temperature are able to produce a second generation.
 
Development Is completed at humidities as low as 255 R.H. at both
 
15'C and 300C.
 

Fohestia fiqulilella and E. calidella. The greater frequency of
 
E. calidella than E. figulile~la on imDorts (Table IX) reflects a
 

Table IX. Records of Ewhotia calidella ard
 
Ephestia figulilella on imports; 
all records from Mediterranean
 

:E. calidella:E. figulilella 

Carobs, carob 
products . 35 3 

Nuts 8 -
Dried fruit I 3 
Others : 2 1? 

? Doubtful record on sunflower seed from
 
Malawi.
 

similar pattern of infestation found in warehouses, such as carob 
stored In Cyprus (22). Thus, E. figlilella is usually less of a 
storage pest than E. calidella, the former being commonly associa
ted with fallen fruit, freshly harvested carobs and other crops, 
and In some areas attacking ripe dates still on the tree. E. 
calidelia on the other hand, while still capable of attacking ap
F'ropriate crops before harvest, is commonly found in stores on 
dried fruit and carobs. Both species have a winter larval dia
pause partly controlled by daylength but in 3. calidella diapause 
Is weaker than in E. figulilella (23). This may further reflect 
the stronger affinity of E. fiqulillela for the pre-harvest field 
situation and the greater ability of E. co.lidelZa to exploit the 
storage environment. 

On a seml-artificial diet, the lower limit for complete
 
development of both species Is between 50% and 30% R.H. (5),
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whereas on a similar diet E. cautaZa can develop down to about
 
20j R. H. (9). Presumably the drier conditions and lower
 

moisture content of Droducts in storage, in contrast to their
 
pre-harvest field condition, are less suitable for the develop
ment of and .iq7,I~cla 7. ?a 7.tc The-. _.aidethan c a. 

temnerature I imits for 7. -7,,t. aa&i,:Zo and !. figzlileZla 
are very si-i lar, beina 3 0 C and 15'?. 2 ue'er, the range of 
pr.oducts . can devol of.iicn sunport complete "ent -'. camtlla Is 
much greater than for the other two (T?'1('' VI I). Develop
ment of 7. rl .!,-cnJs is censri ./cr: faster and survival 
hicher thcy H -?c an - , . ."4) .. cMtolZaand 
te im the co 'riesT is7SeCT on I1 . -to:ritain (25). 

'nt..s 'n . i _ i r ia, z. 2o,+c,.,7 a 
,.,,asa Strnn)er co-petitor in "ixe ncnjlt 41-1)n .ZilelZ 
cue ii nart to variaticn iH eon viab i Iy and nossibly e-, preda
tion (26) . Th 1s -ay, be another factor inlthe loaer numbers of the 
latter species in stores -ere other snecies are also ,)resent. 

.to-c..]a _'_'-. o?':cT,: differs frc7m the other Phyc~ O-.4 

.- in renularlv 
field Drior to hrvest, especial , citrus fruit and carobs (27). 
it can also be a serioufs ,nes f I d nd crobs in stores 
after h-rvest, y in tne rezion ( 2 29). 

citines on ports ttackinn so'e Products in the 

"'i 'irrancy 9, It 
has beeet _-t!cK-- '!ahis species predisnoses carobs to 
attack -"v ..... i 2,t<'O an ..h r storane pests (30). It is 
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apparently -n"l to-- c: leee ore '- " ::r-r"tion in stores..- the 
Unlike other Tr-2i_-' Fhitiec,,cereal 4 r ;,rod'.. a roor food 
for E . ' .'..s sli"i-re, in frequency on imports. 
It is not sr . Trefore t ,d i h . least comm!on Phycl
tine on imorts to -ritrain, neina recorded :nly times in 10 years, 
twice cn aFl"-j3 7n once on carobs fr-, . diterranean. Its 
spread .ithin a store or carme is further limited by the lack of a 
larval ,,qnterinca cetricerior to putnation, a density regulating 
mechanism useful in the confined snaces Cf -- store or ship's hold. 
(6). Other aspects of its behaviour that may hinder the develop

ment of E. cJertonize in stores include the requirement for fluc
tuating licht, temperature and humidity field conditions before
 
adults will mate and lay fertile eggs. Furthermore, unlike other
 
Phycitines, this species will not mate in confined spaces (6).
 

co. Yie.[ia venll.. ,'!oidia niarivenella Ranonot was notni 

recorded during the period of the current survey but it is another
 
Phycitine whih has been irnoerted on produce from West Africa in
 
the past. It is the main storage pest of maize in Nigeria, Ghana
 
and Togo, attacking mature but undried grains on the cob (4).
 
This species also attacks cocoa beans, calabar and butter beans.
 

Diapause In storage Phycitines. Some strains of all seven specles
 

have been shown to exhibit diapause, expressed as a delay in
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development of fully mature larvae enabling them to survive ad
verse conditions such as low temperature, food shortage or stress
 
imposed by toxicants. Diapause may also synchronlse adult
 
emergence to ensure successful reproduction in a favourable
 
environment. The ability to enter diapause and the particular
 
conditions of temperature and daylength controlling It, will help
 
to determine whether a species exported from one region can 
suc
cessfully colonise another region of the world. 

The importance of factors such vr tercerature and photo
period In contro i ing diapause in P. intcr,". 'la and E. elutella 

Zei an-'d z. (32, 23) have(3, cal ca, 3'. 7nilZc-
been 	 studied at PICL, nilan, , it-recent 're r .fniapause is to 
some 	 extern phctoperiodical ly control led am'-., stirnulatedi,7" by 
temperatures near to the develocipontal -inir,'u',. Termin;tion of 
diapause and synchronisetion of 'ost-diapause er'er-ence is hastened 
by exposure to low temperatures for lonn periods. The more recent
ly discovered diapause in some strains of . .. (33) and 
5. :uclznipeta (18) are the subject of work currently in progress 
at PICL. 
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The annual production of all date varieties in Iraq in
 

1974 was approximately 550,000 tonnes, of which 250 300,000
-


tonnes, valued in 1974 at l13 million, were exported.
 
The main production area, especially of the high qual

ity dates for export, is in the region around DEasrah in the south 

of the country, where harvestinc of the dates commences in Sep
tember. In the region around tachdad, harvesting occurs in Octo

ber. 
Dates are collected in the crch_-ards and put into wooden 

'field' boxes, although these boxes are Lain:; r- placed by perfo-
The 'field' boxes re left in the orchardsrated plastic crates. 

for ai least two weeks tc llow further ripening to occur, and 

insect infestation can then cccur. '.indfalIs, which are usually 

insect infested, are Out into the same 'field' boxes, and add to 

the insect infestation. Thse 'field' boxes arc used to trans

port the oates to the packing sheds, and her,: the dates, still in 
several ,eeks before further processing.boxes, can he left for 

,' ci .7,o c, t,: l.a, is the most s r i I s ct post of 

post-harvested dates in Ir.-,, infestin.: dtes in the orchards, 
packing sheJs and stores (A.A. i ssain 1t74). ifnfestation can 

the dates are on the palms if the harvest is delayed,occur when 
or if the variety is late maturing. Infestation of windfalls is 

common, as is infestation in the stores. The most serious insect 

pest of stored dates is Oraz ilas,' mur- :e~ws, infestation 

being apparent from December onwards, and reaching a peak in 
April. 

Before packing and export, the dates are fumigated with 

methyl bromide. The hignhest quality dates are packed in card

board cartons having a cellophane window, the cartons being con

tqined in cardboard boxes. High quality dates are also exported 
in wooden boxes lined with waxed paper. Lower quality dates are 

exported in palm-leaf bags contained in hessian sacks. Packed 

dates can become re-infested wi!-h insects, either in the packing 

sheds, or when waiting for axport. Sometimes the wooden boxes 
are sprayed With malathion after leaving the packing sheds. 
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MATERIALS AND METHOD: Four trials were done in Baghdad using ex
port packages, or materials used to make such packages, and one
 
trial using perforated plastic 'field' crates. Each trial com
pared three or four rates of p ir i" r 1-etIl (fr-i, 'Act el IIc' 50)* 
as deposits on the outer surfaces of the packages, with a water 
treatment and, in most cases, with a malathion Treatment. All 
deposits were produced by spray application ising a knapsack sprayer.
The Types of surf ac - reatcd, and The rnte-t and volumes of appli
cation are given in Table I. ',';en the spray ;ad dried, the 

Table I
 
SU41ARY 	 OF I1'SECTICIDE TREATIHENTS 

lrial Sunstrate treated Rates of anrlication ,pray
: 0. 	 ' 'Vourn e 

. . 5 andCardboard boxes 
 -.I r iri hOSe't hyL/ 50 flis/mfIconaining untreated 	 2
window cartons) and 1 g malathion/m.-

As in Trial 1 50 mls/m2 
2 Woaden export boxes 

(Iined wi-h untreated
 
waxed paper)
 

3 	 Waxed paper (placed in 0.0j125, 0.0625, 25 mis/ 2 

*un.reated wooden boxes) 0.125 -rv- 3. 2 
plrimr.o.-.e h.l/m2
 

4 	 Plastic 'field' boxes As in Trial 25 ils/m

5 	 Hessian sacks (containing As in Trial 1 50 mls/m2 

untreated palm-leaf bags) 

relevant packages of dates, or loose dates, were put into the
 
treateu 	 containers. Fifteen rep licates of each treatment were 
used, and they v.ere raniomri 'od, pIlaced in rooms, and exposed to 
severe insect it..etation b,' releasing into the rooms, at one 
m9nth intervals, large numLers of laboratory-reared susceptible 
strains of Tr2,boZli cavtcTnean, Ory zacphiius svrPinarnensis and 
Ephestia cautella. 

Three rep Iicates of each treatmeni were removed from 
the rooms and examined for biological effectiveness of the 

* Registered Trade Mark of I.C.I. Plant Protection Division. 
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Table II 
BIOLOGICAL EFFECTIVENESS OF VARIOUS TREATMENTS AFTER 3 MONTHS
 

Zubstrate Rate of application % mortality & total 
insects foundtreated anumber 


tetd T 	 tal. 

100 	 20
Cardboard 	 0.5 g pirimiphos-methyl/m
2 


boxes I g malathion/m2 100 25
 
71 24
untreated 


Wcoden 	 0.5 g, pirimiphos-methyl/m2 ')7 68 
5lrxc 7 malathion/n 2 


un t reted26
 

Waxed 	 0.125 r pirimiphos-methyl/ 2 92 24 
2 
 57 ,aper 	 0.25 g piri.miphos-methyl/m


untroated 
 42 	 57
 

100 18Plastic 	 0.5 g pirimiphos-methyl/m
2 

'fit'"d i 	 1 7 malathion/ 2 01 11 
60 uoxes 	 untreated 


2

iiessi-n 	 0.5 g pirimiphos-methyl/m 100 23 

sacks 	 I g malathion/m2 130 

97untreated 


treatment, and residue analysis, I week, and I, 3 and 6 months 

after treatment. At the time of sampling, the inner surfaces of 

the containers were examined for live and dead insects, and sepa

rate random samples of dates taken for iological assessment, 

taint testing where relevant, and residue analysis. For the bio

logical examination, each date was CuT in half, all visible live 

rnd dead insects removed, and the dates boi led for five minutes 

iiJ any hidden insects collected by floatation in kerosene (Hussain 

u ri, comm.). 
Samples of the treated containers were taken during the 

3 and 6 month examinations and bloassayed with laboratory-reared 
Lu-,ceptible strains of 1'. castnet0, 0. surincnensis and E. cauitella. 
iamples of dates from the treated containers were also taken at 

-hose times and tested for any possible taint. 
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RESULTS AND DISCUSSION: Irrespective of the surface treated, lower
 
rates of appilcqtion of pirimiphos-methyl were more effective than 
I g malathion/irn. Even this relatively high rate nf malathion did 
not prevent insect infesTation, and the survival of rnany insects, 
as was oz vious .. hlen malathion was applied to hessian sacks (Table 
III). In -ho seco-j trial, where ..vooden uD,ae were treated, 

Table III
 
BIOLOGICAL EFFECTIVENESS OF VARIOUS TREATMENTS AFTER 6 MONTHS
 

Rate of a-'ltei' mor:ality & tot.i 
Ireated Rate of aplicati n nmunber insects found 

Total 

~d..~ ,,9ir-mipho-zethyl/r1
I xes g malathion/m 96 111

e 

unt reat ed Ij 132 

don .5 g -,iri -methyl/m2 76 54 

roxes malat:ion/m 42 78 
ntrea-,ed 32 56 

Wuxed (".125 F pirimiphos-methyl/m 95 21 
oer .25 g rrimiph--r-.ethyl/m 

untreated 30 73 

~2 
Plastic 0.5 pirimiphos-methyl/mn 91 1!6 

'f i malathion/m2 52 
bo:.:es n reated 52 292 

Hessian 0.5 g pirimiphos-methyl/m2 100 11 
sacks 1 g malathion/m2 26 53 

untreated - 100 
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imperfections 	in the box construction prevented complete insect
 

control, and would have even prevented a much higher rate of appli
cation from giving complete kill of insects. Improvements in the 

box design would be necessary to achieve better insect control. 
Further, -Ine insect in festation pressure was much higher than 

would usually occur. 
Dposits of pirimirnhos-methyl ,were ver/ toxic to the 

three hioasnay species when tested 3 and 6 months after treatment 
(Tables IV and V). A deposit of 00 g pirimiphos-mcthyl/m , and 

Table IV
 
BIOASSAY OF SUBSTRATES 3 MONTHS AFTER TREAT;,ENT
 

,ac_ 	 ____"eTreatment 
" . °1 .. ,..'. 

Cardboard 	 0.25 C pirimiphos-methyl/2 10: 10 i, 0 
, 

1 g malathion/m 100 ioo 1)0 55 
0.5 g pirimiphos-methyl/ 2	 i03 1N). 

unti r ated 	 z 1) 0 

J,0625 , pi i). '2 o -methl0L r 1. .1 

paper .125g niriWi: ho.-me ,2.in iOU I.-, 1 K 
P.25 E pirimiphon-menQY*/m 2 On> i: 100 

unt,.cat.ed & 0 9C, 1. 

Wood 	 0.25 npirimilos-methyl/rf ' 5 10 

,.5 9 pirimiphos-mcthyl/W ;'05 iOO ,' 

1 C mlathion/mW 102 100 1DO 

untreated C 1 35 

exposure for 48 hours 

T.c. n 7. castaneum; O.s. = 0. surinamensis; E.c. = E. cautella 
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Ta ,le V 
jIOASSAY OF SU3STRATES 6 Q,ONTHS AFTER TREAT.E':T 

. - trt: :' ,Is :''3, at d 4 . ,"' ' " : ( :* . ." :J:: o : ' . V, " 

... ~... . ... .. :'- - I ,
 

.. ....- .; II , t he'o 
- -I_____ feCe 

, . - - ,. . 

..... .. ,, 

,:.' " i"," ,' I ' ' 

i . c . " Ae o1-; 


-...-.v;.erJ ; &. ;' e o. r-:. 
r ,; .. .r",1. .... . -c,, , too'.'.. iti co m nc- jII ., _g 

.'C,*r°
fo th usc of-"ir osr.-- y to tr a pe f .. -,iri.iip 

,..i....... ~ n - ,.,r e !_; t a of e lie, dndr:-a, I frequent-I,' 

f)./ iues Fr n, 1974 ) -,f ri , os-reth' were a waysthi 

,
.f , " i -rias3 ad4(,-V, ,, 

, Ii . I: Ii , .,,'r,- Io,.ier tPap the fihure ofr,-. 

,, , r. ,,,,r, . ,:..., .;iJu, I lurano:: ..y lhc FAO/VIHO Joint
 
*...Vr, ;. .,b: fc ,J ,_-.id~us (Anon 1977). 7he j.,/p of t"reat

'.,":; ; i.l ," ,.;.. .r, . -r wdZ'. trd/(.), ,OUI (.. I j.:p [Fro.-
I/ .-..r r,. jsed cormr tirII / I i is too t-ie consuni ng, and 

&.r.;or -,. iditor, for Thre use of ,j rimniphos-melhylI to ltreal perfo
r:-:rI;.t-ic 'fielJ' crates (Trial 4) cculd rnot- be made as no 
it.:f,:.,r r,r.:v;rted large rnurberi of insect-s frorn en-lerin Th 

:..r;tei....r~i the end of t-he tr ial 
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I- no case was a Taint cetected in any of the date
 
sa.'" les.
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- A NOVEL CONTROL RELEASE
MICROENCAPSULATED PESTICIDES 

SYSTEM FOR INSECT CONTROL
 

JOSEPH SIMKIN 
Pennwal t Corporation
 
Technological Center
 

900 First Avenue
 
King of Prussia, Pennsylvania 19406
 

U.S.A.
 

In 1973 Pennwalt Corporaticn introduced to United
ABSTRACT: 

States agriculture a new type of controlled release pesticide
 

formulation called PEHCAP-O IISECTICIDE (Picroencapsulated 
The ready cceptance by the agriculturalmethyl parathion). 


-arkct to include
community hos encouraqed "onnwalt to expand the 


and America,r "exico, -2rada, Central South
Eurooe, the ast, 


P'ennwalt's r:)cess for .ncapsulatinn pesticides is based upon a
 

u,re whicih producespatent':: irtar 4 aci ,I no yI,, rin ion prcc 
s.ed in a plastic

microsph r, s n' inir,, The C-iV .. eri l ,nc 

u s r.: o... - e rclease of pesti
v irs
KOKI If AWD 


.rn .oaposph te -sticines,; sharply
ci d , nhrnncd,1 2orsistence'' of 

pntoW -y; reduct ion of 
rducen ir i.n tOOC:\IitY, reJmcoc 


amount C p,sricide i,troluced etch o ,-nvironmen . , A unique
 
for effecting modificafeature is the versatility cf the prccs 

wall o that otrirt release rate of the 
tions oft 4 nsulI 


izol for eac'. +,yp of application. This
encansulnt can be re-

a brief explanat iorn of tho ncansultion 
can e d,.'nstrted hy 

-hp hVP ,ncasu Iaton process. ,,,aus. of this versa t iiy 
- ,-y fr various applica

tachniqu, 0 rouice us,: I far ulii 
i, '-icin as; herbicides;

tions. n inc' l'v f li iar nd s il 


insct± :otractantS; D. Kicides for insects
 
insect r ipel lrts, 
affecting win and livestock; one housoholl pesticides.
 

Application of w icreencapsul Itci pstI cides for control
 

of stored product insects is a loqicnl extension of this concept.
 
low dose of
 

ne objective is the utilization of an econoically 
protection of
 

pesticide to provide a required minimal residual 

syored products in shipment. A prognosis for practical utility is 

baed upon results obtained in two separate preliminary 
probes on 

evaluations of this
 
stoced products. An increased emphasis on 


in stored products is recommended.
technique for insect control 
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THIRD SESSION OF SUBMITTED PAPERS
 

Convener - PROFESSOR T. AJIBOLA TAYLOR
 
Institute of Aqricultural Research and Training
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SELECTION OF NEW INSECTICIDES FOR USE IN MAIZE STORAGE
 
AT THE FARMER's LEVEL IN NIGERIA
 

S. A. ADESUYI
 
Nigerian Stored Products Research Institute
 

P.M.G. No. 5044
 
Ibadan, NIGERIA
 

INTRODUCTION: Paize isa verv important crop in Igeria. it is
 
utilised mainly for human consumption and forms about 50-70 per
 
cent of the constituents o livestock feed. !igeria produced
 
I million tons of maize in 1975.(), and an anpreciable quantity
 

is i'rported annual lV to supplent the local protuction.
 
About ?0; of the ,nize produced is spore by farriers In 

their farms or villajes in traditionil stora:ne structures. It 
was reported by Adesuvi and Fhode (2) that 24.71 of maize stored 
by the traditional method was lost to stcraqe nests and viatility 
of grains reluccd fro - 07,71 to ?9.37 for SI variety and from 
95.8j to 31.0 for FAS 16 variety after - months' storage; it was 
thereforD thcught essenrial that Paize stnra '& the farmer's 
level should he niven Driority so is to reduce the zibstantial 
losses occurrino in the farms. AMCn'. of ip'ro\,ing the tradi
tional structure and introiucina pest control measures suitable 
for such structures needed to he evolved as Ch farmers lost con
fidence in sophisticatej methods of storaqe some years hack due 
to the fail ure of the si Io scheme introducei in the former 
western parts of Aigeria. 

Tee previous recommendation of insecticides for use in 
traditional structures was Gamma BHC at 12.5 pno of cob weight 

(3). laize sc treated was not to be consumed until after 3 months 
because of high toxicity. The fact that insect resistance to 
Gamma BHC has been reported (4) and farmers can sell their treated 
maize before the recommended 3 months, have made it necessary to 
investiqaie new insecticides of low mammalian toxicity with a view 
to replacing Gamma HC. 

Three insecticides were investigated over a period of
 

3 years. They are
 

(I) 	lodofenphos, (0.0. - dimethy (-0(2-5
 
dichloro 4 iodophenyl) thiophosphate
 
with an LD 50 of 2,100 mg/kg for rats
 
and acute dermal LD 50 of 2000 mg/kg.
 

(2) 	Pirimiphos-methyl, (2-Diethylamino 
6 methyl pyrimidina)-4-1 dimethyl 
phosphorothionate with an LD 50 of 
2,050 mg/kg foc female rats and acute 
dermal LD 50 of more than 2,000 mg/kg 
for rabbits
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(3) 	Tetrachlorvinnhos, the Cis isomer 
(Thloro - and phosphate groups 
adjacent) of 2-chloro-l-(2-4, 5
trichlorophenyl) vinyl dimethyl 
nhosrha+e, .ith an LD 50 within the 
rare 4,700 to 5,010 -/l: for rats, 
-'7,' 0 7 -0.0 fcr ratti t nd dons. 

MATERIALS AND METHODS: The varietv of aize used for these trials 
.2s +hthe.stern l o.. , .hich ha: Peen ieveloped and released to 
far-er. T-- trials ... re carried out at the nioerian Stored 
PrsuctsResenrp- Institute C'..r ) I ida".. The storace
 

Tr .- .ro Fc: ..'f. e inro"'eo :rip ,ni c is tho vii lane-level
 
-rr.: "r .r . . .;. , has th in the
c 	 . rodccoo far'ors 
ovr :r ;ovis Tc'.n cits cok1, etors nive, 

1 5 ,--t1or 1.:-, -. te s fill 77. i erc :onstructed
 
,
f .r . -r -'.,'r,t, 	 a v i v 'o,
as loadej
 

-irt: 	ec cri . T, T ' : o ss of , 10, and 15 .artn n r million 
W-): 4 -h- aIs 47 a~ir A' I:Y nn , 5 Drcont nctive 

i, :rooci -T, -i I - , ro T :1ivc ingredient and 
Tetrac"loirv-os ' 7crc, t szri.e irgredi." o're Tea. Each 

!:se . I =onr as --rio ir fur rol i a t The cribs were
 
-
allo-ate - to n-G asa A ranjom . The sheath on 

-ni-e c17-1 i - v'. .h ro.- irY iuartity of insecti
vile .. :s -:liec lver r', ln/er 7 hn c= s the cribs were 
W -7 IW W.. A - arc' ir i th , : - ca the lid 'as used to 
aply tnei'-se--.cV J . 

The §:seyse.... in iul mostu.re content and percent
,e. .e...h as zone w..'it! ten cons taken at random from 

each cri.. ve'-4. ial over was used to determine the moisture 
content cf The I e of each-- i ccsa-pe' n three repl icates 15 gm by 
heatira for A- hours at 0 , . The shelled maize was divided 
Into subsar-Oles o the -ethod of coninq and nuarterina. The Insect 
damain count was carriec out on 5C qrains chosen at random from 
the suosa'mnle. "i'"i far samoles, for the determination of moisture 
content and assessment of insect damaae, were taken monthly for 
the 1 '" ths of storaae trial. 

RESULTS AID DISCUSSION!: The mean monthly moisture content of each 
treatment is shown in Table I. There was a general rapid rate of 
dryir fro- t....-r ard the moisture content was below the safe 
moisture cce-stet for ntoroae of maize (13.5) from Kovember util 
February. I- increased from "arch and by nay it was generally 
above the safe level for storage in silos hut remained under 15% 
and therefore still safe enough for storaqe in sacks. The 
increase in moisture content was due to rainfall and high humidity 
from 	 "!arch. 

Table 2 shows the mean monthly insect damage for all the
 
treatments. The trend with the three insecticides was very
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similar for each of the doses applied. If an acceptable level of
 
10% damage Is assumed, 
Itcan be seen from the results that at

5 ppm the three insecticides were effective for only 2 months, at 
10 ppm lodofenphos and Pirimiphos-methyl were effective for
7 months, Tetrachlorvinphos for 8 months, and at 15 ppm lodofen
phos and Pirimiphos-methyl were effective for 8 months, while 
Tetrachlorvinphos was effective for 9 months. 

The results of these trials show that any of these 
insecticides anplied at I0 ppm can be used by the Nigerian

farmers to treat their maize stored 
in cribs instead of gamma BHC,
 
as they do not generally store for lonqer than 8 months In such a
 
structure.
 

In an 
ideal situation, the three insecticides should not 
be recommended for use simultaneously because of the problem of 
insects being resistant anainst all of them at the same time. In 
Nigeria, as with many other developing countries, other considera
tions ovarrirr +K- ahve nrincinle. 

Such cons iderations are: 
(I) Comnarative effectiveness of the insecticides. The
 

three insecticides tested have satisfied the requirement of being

effective in controlling insects on 
stored maize for a minimum
 
of 7 months.
 

(2) Toxicity: The three insecticides are much safer than
 
gamma HC with acute oral 
LD 50 of 125 mg/kg for rats and dermal 
LD 50 of 500 my/k 9 when compared with their LD 50 quoted earlier. 

(3) Percentaae active innredient: It is required that the
 
Insecticides to be introduced 
to the Nigerian farmer should be of
 
very low active ingredient. This has the advantane that large

quantities of the dust will 
have to be applied and better coverage

of the produce treated will he achieved.
 

(4) Cost: The insecticide should be cheap.
 

(5) Availability: 
 This Is by far the most important factor.
 
The Insecticide recommended should be readily available, especially

during the storage season. Our experience has been that there Is
 
acute shortage of recommended pesticide at the time it is most
 
required. 
This has a damping effect on the farmers, who have
 
taken to these recommendations and 
seen the beneficial effects.
 
As a result of this, It has not been possible to restrict our
 
recommendation to one insecticide at a time. 
 It has been observed
 
that recommending more than one insecticide at a time results In
 
the sales agents complementing one another rather than competing.
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(6) Packaging: 
 Most of the farmers that use insecticides 
for storaye require small quantities. It is therefore desirable 
that insecticide manufacturers pack them'- in such small quantities
that it is practicable for the farmer to handle and exhaust in 
one operation. This wi I reduce the Janners of careless handling,
poisoninr., w.astage, and underdosinz or overdosing. 

REFERENCES:
 

H) PAC (1775) Froc.uction year took. vol. 29. 
(2) 'ijeso'i , E. ,'., ant .hode, D. A. (1077) Assessment of 

lasses in tiw varieties of -aize (FAS 26 and ISI) stored In 
crizz i7 th n "d-:: trsoics. ioer J. r-. Prot. 3 (1977)(Ir ;rws). 

(3) -crnes, . A., ant Viley, ,. (1962). S-ali-scale storage 
of "-azek"estern i->eria. .... -. or. Prnd. Res. Unit..

(4) :0 Li- , 7. P. F. (1972) Linjane resistance in field 
stroi-,n of c , iis (2 ctscn) in enya. J. Stored,)j j':asi 
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SOLAR/'IIND ENERGY TO COOL TOBACCO STORAGES FOR
 
INSECT CONTROL
 

D. P. CHILDS, L. J.FLETCHER, F. A. IACHETTA,
 
J. T. BEARD, and R. D. FLACK
 

U.S. Dept. of Agriculture, Science and Education Administration
 
Tobacco Storage Insects Research
 

P.O. Box 10125
 
Richmond, Virginia 23240, U.S.A.
 

It may be said, with confidence, the cigarette beetle
 

Lasioderia serricor2ne (F.) 's not a co;d hardy insect. According
 

to Runner (I), it was first described fror America by Fabricius
 

In 1792 as attacking "American dried plants" found in warm or
 

tropical Darts of the country. In this bulletin, Runner states
 

that there had been a noticeable increase and spread of beetles
 

in tobacco factories as heating of factories was improved with
 

the use of steam. This occurred around 1900 indicating that until
 

manufacturing plants were heated well the cigarette beetle was a
 

pest of stored tobacco only in factories located in the southern 

portion of the U.S. The cigarette beetle is not a pest in products 

stored in unheated buildings located north of about the 42nd lati

tude. Over a period of 200 or more years It has not become cold 

tolerant although i t has beer exposed I the northern or colder 

ct i ,ates s uations are or developmentsi Ihat favor hlie of 

genetic strains adapted to survival at low temperature. 

A literature review of the cigarette beetle prepared 

in 1957 by Howe (2) lists work by several investigators giving
 

low temperature and exposures whlcn cause mortality of all insect
 

stages. This work, with some reported by Childs et al. (3) is
 

shown in Figure 1. In these tests the insects were not protected
 

from the cold by more than a thin layer of media. The resistance
 

to temperature of 503 and lower was similar for all stages. At
 

-10O0 it appears an exposure of 2 days will kill all stages except
 

the larval and this stage Is killed in about 2-1/2 days. The
 

larval stage appeared to be somewhat more tolerant of the cold
 

than the other stages. At OC the Insects wcre killed in 12 to
 

14 days and at 4.51C larvae were killed In 20 days. At IOC
 

nearly 35 days of exposure were needed to kill the eggs and larvae.
 

Tobacco packed In a hogshead, ca. 450 Kg/l.43 m,
 

adjusts slowly to change of temperature in the surrounding atmos

phere. Childs et al. (4) reported an infested hogshead with tobac

co at an Initial temperature of ca. 260C required an exposure of 

56 days In a constant temperature room of 4.40C beforo the cold
 

killed all stages of the cigarette beetle (Figure 2). This
 
unexposure was more than twice the time period needed to kill 


protected Insects subjected to a similar temperature. At ca. IOC
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FiRure 4. Sche"atic of Apparatus fo~e Determng Thermal
 
Conduct ivity 
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Figure 5. 	Schematic of Apparatus for Determing Specific
 
Heat Apparatus
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conuttlons showed the thermal conductivity of flue-cured tobacco
 
strips to be ca. 0.60 BTu/hr. ft2 F/in.
 

Nearly completed is an experiment designed for the
 
measurement of the specific heat of tobacco. The engineers have
 

dosigned a test unit where electrical energy is delivered to a
 

plate and it is released to the tobacco as ther-al energy, Figure
 
5. By releasing a measured quantity of electrical energy and by
 

measuring the temperature increase of the tobacco, one may cor
pute 	tne specific heat.
 

This research investi-ation is no-.,.,
in the encineering
 

phase and results from these basic studies *,:ill be used to estab

lIsh the desion reqiuirements for temperature contrc systems in
 
tobacco storages to control insects during the -:'inter season.
 
Through modeling, competitive designs will be evaluated and tne
 

primary critericns for selection will be the system's opera'1;onal
 
efficiency and its economical structure.
 

REFERENCES:
 
(I) 	Runner, 3. A. (i919) The tobacco beetle: An important pest
 

in tobacco aroducts. USDA 3jlI . 737, 77 pD.
 
(2) 	<owe, R. .'.. (1957) A laboratory study of the cigarette 

beotle, -_- . 2.o..co:c 'F.) (Col., Anobiidae) with a 
critical review of the literature on its ciolo y. Bull. Ent.
 
Res. 48, t. I: 9-56.
 

(3) 	Childs, D. F., J. E. Overby, 5. J. atklins, anj D. UJiffenencer
 

(1970) Low temoerature effect upon third- and fourth Instar
 

cigarette beetle larvae. J. Econ. Entcol. 63: 1860-4.
 

(4) 	Childs, D. P., J. E. Overny, and *. J. ,atkins (1968) Low 

temperature effect on cinarette beetle infestations in 

tobacco hocsheads. J. Econ. Entomol. 61: 992-6. 
(5) 	Fletcher, L. -., J. '. Lonn, and C. D. Delamar (1973) Low
 

temperature and infestations of beetles in tobacco hogsheads
 

stored in field warehouses. Tob. Sci. Vol. 175:25 49-50.
 

The last 3 authors are Mechanical Engineers, University of
 

Virginia, School of Engineering and Applied Science.
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TaOle I
 
,oxicity of tecnnical and fori;ulated ietacrifos ko laboratory
 
rats
 

Rat Rat Rat
 

Preparat i(,ji acute oral acute dernn]l acute inhalationLD 5 0 LD 50 LC 50-4h 

771(mq/kg) (Og/kq) (mg-/1 

methacrifos t_.ch. 678 >31100 >2'20) 

IC 930 924 >3'100 appi ox. 2'500 

2 , 0 '000 >3'100 [ '800 
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Table II
 
LC50 for grain pests after 24o exposure, FAO ;ethod io. 15
 
(Imprognated filterpaper) 

% a.i. in 0.5m] solvent per 

7cm diameter filter paper 

Species(d]t)Champ 
Strain origin
C0 and Dyte r. DI Eno 

(In 
0 

(adul.ts) 
(1976) 

404 
'4 .-

U 
W 

0 fi 
*C.,4 

4J Q,4J 

U 

Tribol um 
castaneum,: Australia 0.01 0.78 1.0 0.05 0.03 

Cairo 0.009 0.15 0.27 0.05 0.02 

Oryzaephilus 
surinamensis: 649 N.America 0.05 0.43 0.72 0.58 0.21 

479 W.Asia 0.01 0.21 0.20 0.12 0.03 

Si toph-ilus 

granarius: 248 S.America 0.003 0.04 0.01 0.04 0.03 

849 W.Asia 0.003 0.06 0.29 0.02 0.03 

S i to 1, ius 
oryzae: 475 W.Asia 0.000 0.03 0.13 0.13 0.01 

Cairo 0.007 0.01 0.12 0.03 0.12 

Rh Lzopertha 
domi nica: Li N.America 0.29 10.0 0.02 0.75 0.35 

I) 1.18 Australia 0.23 5.50 0.05 0.80 0.62 

Basle 0.11 0.44 0.005 0.76 0.36 

Acant lioscel ides 

obtectus: Basle 0.013 0.34 0.21 0.16 0.05 

Araccerus 
fasciculatus: Nigeria 0.013 0.39 0.19 0.16 0.40 
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Table III
 

Spectrum of effectiveness of methacrifos
 

PEST
 

Coleoptera / beetles Lepidoptera / moths
 

Sitophilus granarius, L. Sitotroga cerealella, Otiv.
 

Sitophilus oryzae, L. Ephestia elutolla, Hibn.
 

Sitoplhilus n~amais, Motsch. Ephestia kdhniella, Zell.
 

Rhyolwertha dominica, F. Cadra cautella, Walk.
 

Trie] tnm confusum, Duv. Plodia interpunctela, Hbn. 

Tr hOlium casLat .im, Hlerbst. Ti neola bisel Liella Hum. 

Orthotera / cockroaches 

Ory7icrFi lu, spp.
 
Cryllolests SIPo. AMUMt domesticus, L.
 

tm, Everts B1UKli iermanica, L.
 
Dermeptes P:IT!. Blatta oripntalis, L.
 
T-oTuderma granariu 


LasJ]"it-ma serr corne, F. P riplaneta americana, L.
 

Si~eqolt uit ui cuinll, L.
 
Acarina / mites
 

Necrob ia rufipes, Dog.
 

Anthrenus vorax, Waterh. Acarus siro, L.
 

Anobt IM punctatum, Deg. Tyrophagus casei, L.
 

Ptinus fur, L. Tyrorjagus putrescentiae, Schr.
 

Acatliosce]ides obtectus, Say Glycyphaqus destructor, Schr.
 

Araecerus fasciculatus, Deg. Glycyphagus domesticus, Deg.
 

Dermat.ophagoides pternoyssinus,
Diptera / flies 
Tron.
 

Drosophila spp.
 

Pio ,la casei, L.
 

9) (oee Table IV). A r'ixiarei
methacrifcs, EC 030, 90 000 and 2 

of Ahat ani rol led oats ,as exnosed annacked on the floor of each 

room to ns-3ss the insecticidal prorerties of the applied formula

tion. 1,4,7 and II days later, sarpyls of exposed food were taken 

for crec ; cn infobtatior rnt,. 
at dosages of 200-400 r.g

TT e/;erkient wns stcca!ful 

ai ./J . Tr trea#t-enii practical ly nrevarted infestation of
 

exposed foodstuffs. This ex.arimenT confirmed aractical onserva

tions.
 

Application of methacrifos as a space spray: The application of 

space s~ra! is a nor-al nethod for irsect control in various ob

jects juch as rai I.ay-Lo/ctr2,, :.man , conjlirurs and man/ kind. of 

Using this method the spray can be appliederpt/ storerooms. 
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from outside of the rooms. 'ethacrifos was applied many times
 
as an indoor space spray. An experiment in which encaged pests 
of stored grains aere exposed in the treated rooms is described 
ne re. 

The cages, containing , :,torUZ'hii.s gr~zmah:w, ?zolZium 
cat ;zecan anc :;:szo-rtha ,o, ......, were placed at various posi
tions in empty rai lway-boxcars. Two formulations of m'thacrifos 
namely 	 EC 950 and a ready-to-use spray SO 50 w,ere applied with 
an PL-Atorist (mistolower) in dosages of 7V and 150 mg per K 
TKe EC 	 )53 .as,2i luted WiTr ,,ater. The caraciTy of a rai lway
boxcar 	 K . m After a 1 hour eoresurc in The Ireatad boxcar 
I C.c.' irSC T

S ,.,ere transfrred V Noon :ars, The mortality 
,,d. det-r<ie, 22 --ar_ W -. T'v t ail d2.h:,! ot a.i. in the 
C3SUG ,jo C"P, ,Cn S W "Tricall ( . . .tn:;.) Air samples 

t.. .r fo ap'lical c rn ,-,::srrple T- volatiliity 
, . -

7f -. T azr1 W TY0 W"-,nI oair ... rn rr s rt
 
:2. "jr" -2r,,".I ]Ti.;nj 1-1 jola-&t .
 

T'-0 --'< eri-",-T carri,-A CSt 1T,.... ,' '" 'b r of Pait:, 
,nrc.n: t =.cce:3. rc, - co.rrK ,o ; 	 wcti,.ity/ 9T1_. 14.S r . -5,:ctiu;Jal 

"... i, 	 nf, 75-1 1 -7 W.i : r - (W e V . V). 

0 , 1i :'11' : ; -" f - 1  r : 'P_ :. : . -' . - . I :- _ r;r :irn ;cin-':::f",A -: t rials .,,.r. cnrriuz.: c.'.7 jq- sevcral coun-t-rius 1P 

r:-,-, .,,Oat, L~rIe, a.A 03TH ,er, r=&V', ID '['y of -etrq 
zrif , --r Ve :a: lication uit. w 3n K D 3 "ilJ -t , in War or , -Z, .[' 	 row- 0-?- S_ fcrr.1t-i::q ,.a: swrrooj m.c n,,,or ko. lt
 

von->i rmr or r co-,o ,mrto HISPU
 

so r 
7,-.0 [ IDDa a,-,,5, ,.itn -, ':-,r xqiq: ;.Y:nTL nt Yw WIO tcren 

r: :or .,- ir i , :k . ir eav:. 

0 :On!--, S17 OX ~ ~ q r r 1 o v 
actif:, 14 r -:.v l t . r 

Lorna Lcals tr.'- cnfs 0 -r, :r-i': .,re carril nr 
unjer :c"'.ercial concitios in A. r lia. anTs to hel;, frn,, 

~. *i. A.., r nlia 4,'nat hsari an! OueaO rln Dcpartentn 	 of 

Priary Ir ;_i r,, it "a.: .3siol, to rruat and tor; ind r di ffer
ant concitiors thosanCS Y Tonne various .rai,. 

Tale VI summarizes Tre results of a trial at the exper
imental station at (mcnos Creek, Austral ia, where lots of maize, 
Garley, paddy rice and sunflo,,er were treated with 10 ppm metha
crifos anc stored in lI.'t' IT. ,in-silos. This trial shown te,, 
:attern of dera.-atinn of 'thncri fon in different qrain: and also 
the Dor ion of n rctection q;iven yt the methacrifos treat-ent. 

Aprlication of methacrifos as a curative grain treatment:
 
The apDropriateness of metnacrifos for curative treatment of in
fested grai n was shown in several field experiments in Switzerland. 
Te infesbtd goods were i,,'ported oats, barley and coffee. n.etha
crifos was awnki, vs n emulsion or as a nowder. 
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Table VI
 
Percentage control of Fl-progeny of 4 major pests in a bioassays
 
of various grains stored in mini-silos in Australia with 10 ppm
 
methacrifos; Conditions: 24.5-26.0oC
 

T-st in src Ls Samples taken 

Strain ori1,ri weeks after treatment 

Champ and ny,'t
c 

uWIHEAT,_c 7(,01itQ111 u.p ot yzao
 

CSO-231 100 
 100 100 

ii0i 2', r I:ha lon in i ca 
(:r 3"; 100 99.7 99.6 

TV i ijun saqL aneu
 
C'TC-12 
 100 99.9 99.7
 

BARLEY itophiilus orvzae 100 100 99.9 
CSO-231
 

P zopert:hIa dor i.n ica 

Z8- ii 8.1 97.6 97.4 

MAIZE- -r ,- 100 100 100
 
5; 1 ra in 

PADDY RICE .itnpn iu '.i ,;:ae
 

CO-23 . j) 98.7
 

SUNFLOWER Tr i1o ium 'a'i,ii, 1O0 100 

nes of cats were TreoT- I' -. 0 FC 050. The fi.]ures 
in Table VII demonsirate Wre ef'icac, of tr- pronluct against 
Sitn,;:-;3 pra,,,riuo an, . (see Tal. Ic"VII).7? .Z I::, caco7ew :-, 

In Tanle VIII rhe rcsults are given of an exneriment in 
,rich barle ,yeavil/ I nfofed ,,2ith .tolh i.: .r 2 ?av w and Oruzae-
C ooiri*nsYr- e.. .ai Treated with 15 ppm a.i. as a P 2 formula
tion. After ,thetr.atrcnt the narley was storc:d in jute sacks at 
a terrnerature of 250 C and a relative humidity of 60-65%. The
 
fiaures show trc excel lent activity of methacrifos P 2 formulation
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Table VII
 
Curative efficacy of methacrifos against grain pests in infested
 

barley and oats; Storage conditions: wooden bin, 20-250 C,
 
6 replicates in barley, 2 replicates in oats.
 

Infestation rate in
 

treated and untreated cereals
 

Formulation live insects/it, cereal after treatment
 

GRAI N
 
Dosage 1 week 3 weeks 9 weeks
 

__(a.i .) -_ 

S.gran. T.cast. S.qran. T.cast. S.gran. T.cast.
 

BARLEY 	 EC 950 ]. 0 0 0 0 0 

(10 ppm) 

21 	 238
Untreated 15 17 	 15 25
 

0 0
OATS 	 EC 950 2 0 0 0 


(10 ppm) 

5 72 20
Untreated 10 9 11 


against granary weevils and saw-toothed grain beetles when applied
 

as a curative measure.
 
In a semi-practical experiment methacrifos EC 950 was
 

were
a.i.
applied in a dosage of 20 ppm of to coffee beans which 


infested hy coffee bean beetles A]a7c;rus osacimctlatus. After the
 

treatment a stock of 25 kg coffee beans were packed in metal drums
 

and stored in 28" C for 4 months. Tn determine the efficacy of
 

the coffee bean beetcle, traps woere insta lledmethacrifos acairnst 

on the top of the drums. The adulits emergini over three days were
 

in samples taken at various intervals. Table IX gives the
counted 
of thefigures which confirm the excel lent and superior efficacy 

curatively appliedchemical against the coffee bean beetle when 


with 20 ppm.
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Table IX
 
Light-trap counts from infested coffee at various intervals after
 
treatment (Figures = Number of adults of A. fasciculatuj)
 

Product/Formula Lion/Dosage
 

Time after treatment Methacrifos
 
EC 950 Untreated
 
20 pl)m
 

1.day 	 1 16
 

3 weeks 	 0 6
 

6 weeks 	 0 7
 

9 weeks 	 0 10
 

12 weeks 	 0 11
 

-
15 weeks 	 

18 weeks 	 0 19
 

CONCLUSION: >1etnacrifos is effective aqainst a broad spectrum of
 
insect nests of stores, and their resistant strains. It can be
 
applied as a surface spray, space snra,,,, prorrnylactic grain pro
tectant or even as a curative grain treatcnt. Tnis is an inter
esting product which fills a real need %iTh iTs exceptional char
acteristics. A great demand for it can be expected in the coming 
decade. 

REFERENCES:
 

(1) 	WVlyniger, R. and Hart, R.J. .1ethacrifos, a new insecticide
 
for the control of insect pests in stored products (XV. Intern.
 
Congress of Entomology, Washington, D.C., 1976, Section 4,
 
Gen. 	Toxicology) (1976).
 

(2) 	Wyniger, R., Renfer, A., Knuesel, F., Gfeller, W. and Hart,
 
R.J. t:eihacrifos, a new insecticide for the control of insect 
pests in stored products (Proceedings 1977 British Crop Pro
tection Conference - Pests and Diseases, Brighton) (1977)
 
1033-1040.
 

(3) 	Champ, B.R. and Dyte, C.E. Report of the FAO Global Survey
 
of pesticide su!sceptibility of stored grain pests, FAO Rome
 
(1976).
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(4) Potter, C. An improved laboratory apparatus for applying
 

direct 	sprays and surface films with data on the electrostatic
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CONTROLLING INSECT PESTS OF STORED TOBACCO BY
 
REDUCING THEIR REPRODUCTIVE POTENTIAL
 

M. ARTHUR MANZELLI
 
Philip Morris Research Center
 

Richmond, Virginia, 23261
 
U. S. A.
 

INTRODUCTION: Tobacco, a high priced agricultural commodity, is
 

subjected during storage to devastating irifestations of Lasioderma
 

serricorne (F.), commonly known as the cicarette beetle or tow
 

bug, and Ephestia elutella (H(bner), the -obacco or warehouse 

moth. The length of the tobacco storage :.ericuc, which may vary 

from one and one-half +o thrae years, an] Ve ios of storage 

thse insccts ...inrnv opporTun it i es
 structures emp Ioyed, prov idr 


to 
invade the commodity and establish large colonies Unless
 

checked by the use of chemical pesticies.
 
During preparation for stora(e, the toracco is exposed 

to steam-vacuum and re-drying treatments, .hich, if properly 

conducted, result in the death of all stages of all infesting 

insect species. However, after toc t:-acco has been placed in 

storage, it is subject to attack by Zith,'r ;coo or3. ce 


E. elutella, the decree of infestatiorn on 'enJinq on tobacco type, 

container makeup, and -.arehouse construction. In some instances, 

the infestation potential is recuced by segregating new tobacco 

stocks from old, or leaf from STemS, and '-.ith the use of liners
 

or wrappers that either prevent or limit entry o' tnese two 

insects into the stored tol)accr. Genera Ily, hoo,..,ever, the contain

ers and their conterts permit infestation to tak place throughout
 

the entire warehouse complex.
 
In recent years, chemical control methods for insect 

infestation in stored tobacco have included! Ifho application of 

pyrethrins, DDVP (Dichlorovos, Vapona) and plcsphine (Phostoxin, 

Detia). Pyrethrum, a botanical contact insecticide of limited 

as often as DDVF. This lattercapability has not been used 

chemical kills by vapor and contact action, and has been used 

advantageously in warehouses which are not airtight. However, it 

has definite limitations, for it can reach and kill only those 

Insects found in the warehouse airspace, and cannot penetrate
 

hogsheads, bales, liners, and cases to kill the insect forms
 

living within the tobacco. Phosphine fumigant is employed to
 

give total kill of infesting insects in and out of the commodity,
 

but airtight warehouses are mandatory for its proper use. The
 

minimum phosphine fumigation period at the exterminating concen

tration of 200 ppm is forty-eight hours. Fo!lowing fumigation
 

re-Infestatlon by either the beetle or moth may take place
 

Immediately if the temperature of the commodity and surrounding
 

air is above 18'C.
 

BIOLOGICAL POTENTIAL: Both the beetle and moth have two and one

half to three generations a year In the tobacco storage and
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,Snr,- er of resercer.rihas a.c (o) 2 i .xQl 
_u t'-_ c i U -rT, ic i r.r(7 : : c::',S-r3 r !:i;t c ,,-.r , c~r 

Fi Ca.l i ,S, rsI i , r u,. , cr 
tigns, c i.*-I e Ta l rff~r qr, u n , the .- :t,-la i 

c "-ie s, 1 e r r r. , ]" vT- ::"o, flJi 1 f"' Fmp i:.~ r:~c T",-i s -sr-. .re. 
>/LCF1~~:'D a~ r, I~I~~ *L

2 
' 

-t, - V ' an imps'.' )r- 1e 

:~~3V&a FInV I-

T<0CF2rL 0 r' Ttour 

F 71 

F I r 

r i T ~ . r '"'r 

:3 - 

r FC1C I 

Df u - .,jcr t_: i ''tC 

2ur F2f FO"' th S~t~ If cc ssume tnat the media narFUPJ 
ofezgs laidC ~er female is h0at the m-ean egg monta I i tytfc'h

L-Zrut 20- (from laborat-ory s iu d1cs ) , that the environme-:ntal 
str-ess (ES) (e.g. , di seases, pr---,rators, pdrasitezs, unfavoraju lc 
icro--lIirrate, etc. ) procuces7 a 5Q rcrtaIi ty in the surv ivi n 

Ilarvae and that t1he surv 1v inQ adulIts h.aVO/c a I :I sex rat io, w..e 
ostain tre foc lIowing biofti r potentialI formulIae for each "erieat ion 
'Fn): 

Fi = W[edjian Eag 1 o.)(20 " ;onhatch)-(5oi- LarvalI Loss tu ES) =32 

F -'ro.
F, AdulIts
F2 = 2 L-=XC-.[edian Egg lio. )-'(2001f ;.onhajtch)-C50'4 Larval 
Loss -to ES) 

F,= ;1o F2 2Adu 'tsX(M'edian Egg no. ) etc. 

By the end of one season, or three generations, the larval figure
 
can read 16,384 or 8,192 surviving adults.
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As can be seen, by the end of the second year of
 
storage or sixth beetle generation (F6 ), the descendant adults
 
could number In the millions.
 

In the case of the tobacco moth, its Liotic potential
In the field is moredifficult to project. The median number of 
eggs deposited by the female moth is .,ell over I00, and the 
number of generations per vear is three in thc tobacco storege
and processing areas of the However, r.c. ,ot,io.. rvac that 
hatch face a more formidable road to aJulthood than dc 1he beetle 
iarvae. The latter remain wilt-,, 1-he containers to p'pate, but 
the former leave the commodity in ,-hicr they V,-ve neen hidden and 
seek out free spaces to form their pupal cases. They are,

therefore, more exposed to external eivironmental stress factors 
than the DeetlW larvae. Njeverthedlass, the moth has on .nur,me-rous 
occasions der-onstrated its potential for developing large numbers 
of very desiructive larval infestations, especially in D.led 
tobacco. 

RATIONALE AND METHODS: The cii3arutte t coIntrol11E programs in 
the tobacco storage areas of tre U S. , enerdlly conducted 
from the middle of April to The middlu of October, and an indivi
dual warehouse r<-ay receive from 120 ' I paraTO applicitiors
of DDVP during 1his period, depcndin 9 , ,ineth r the' are made
with manually operated equipment, or ,, te tically operate, 
dispensers, respectively. The dosage r it'. vr manual delivery 
ranges from 0.5 ar:,m t 0.75 gram per ".32 cubic m,3tr-rs (1000

cubic 'eet) v.eek,
five ays a or 0.5 crm per 23.32 :uhic meters
 
per day for a-Lutomatic -pplict- io,.
 

A med irum s ed '..arehousc of approximate Iy t7,c506 cubic
 
meter capacity (500,000 cubic feet) exposed to either manual or
 
automatic treatment receives .el 
 over 50 i lograms of actual 
DDVP per season. In addition, if the iarehousj is of the sealed 
type, it may also receive one fumigation per year with phosphine 
at a treatment level of 22 grams of phosphine per 28.32 cubic 
meters, or 13.7 kilograms per 17,665 cubic meters. 

Without question, the continuous use of these two 
Insecticides contributes greatly to suppressing the cigarette
beetle population, but by no means does it prevent initial 
infestations, or re-infestation of the stored tobacco after 
aeration has been completed.
 

The Ideal peslicide for -the control of 
insects attacking

stored tobacco obviously would be 
one that when applied to the
 
commodity at the time it is packed for storage would destroy any 
eggs deposited by visiting female adults, or kill the first
 
Instar larvae that emerge from the eggs. The pesticide should be 
harmless to man, not affect -the smoking quality of the tobacco, 
and be effective for the duration of the storage period. 
 There
 
are proprietary residual Insecticides available, such as the
 
chlorinated hydrocarbons and carbamates, that do function 
as 
ovlcldes or larvicides. However, their use Is not permilted for
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SEX RATIO AGENT IN 'ixI a uoila (WALKER) --
ITS EXPRESSION BY TEMPERATURE, GENETICS, AND MASS PRODUCTION
 

OF THE VIRGIN FEMALE MOTHS FOR SEX PHEROMONE STUDY
 

FUMIKI TAKA:IASHI 
Department of Environmental Studies 

Faculty of Integrated Arts and Sciences
 
Hiroshima University 

Higashi Sendamachi, Hiroshima 730 
JAP AN 

PROLOG: Mass production of virgin female moths of C'--Th az: ;lla
 
(Walker) for sex study: f te almond moth,
pheromone )l 

I -'. ' roc'-0- , 4 o "... .1 

-
I s c-.rs-9 ,e-' 

r

trans-I.: 


I 7 

-- + o)IV'en 


Fr--I +r7, I r' 

rr ci -rir~~ e1 

r rs- m.r ,-o re 
4I-(3). T1,s c Dr r r, s- s~'n :n cr o arat 

-'rro r rv/ s-er ecCarf e raIes- f r -!y 

*rk h ' ~'" posi --Ion ±0
slIo. andt or I~rn a+' '; pro"-vi 

i / to
anc ..; d .+,"- -r '-orr,"th. ,nLths adult e-erg nce, 

' +e l f.ea .. Frt rm. for the
-- .. .re,
obtain the first sa
 

nr -- recri1' te"Lrarure I.,' lc.
.onro
-,ass production w.e 


room which was not easi ly a-cccr''d ted ir ourlbraois
 
(nother . te.-wa trs sriuci:th sex esand searate
 

by n. r,r.r --it 70c and
females from rales h r they /ero 
-


±0 aduOlt -iortcnce was705)R-. he dur trion 4r, -ipiton 

shl lo)rs .:efor mass
about 28 -eays and .ely 


hrrie i-tobtuin sa-oles for
production. Our cel ie 

started the project -ith this system.
their che-ical not n .ily-e 

The sstes is r iz'rouin Fisrs e. 

Ii fae cycle f theerot ,iarIs a redy analysedfcmtle frof , 


and Rumtarised by Tioohashi (,I) *;stioly with resno t to the
 

effect of population aes ite Upon the r:ehl development,
ivl of 

mortality, and reproduction. From the rcults of this study the 
Eggs were easilymost productive system was designed as follows: 

obtained by keeping adults In a glass vial without any food.
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Oviposition
 
by adults
 

300C Larval . Food:
 
70.%R.H. development rice bran
 

Adult <X
 
emergence
 

Chemical
 
Females isolation of
 

Separation pheromone
 

oBioassay 
 of
 
Males---- pheromone
 

Figure 1. The rearing system of the moths at 300C
 

Eggs deposited in a vTal were cleaned up from debris, scales, and
 
dead bodies by a soft blow. The rearing with the initial density
 
of 30 eggs per I gr of rice bran at a food depth of less than 2 cm
 
was recommended to produce maximum number of moths. But, the wide
 
variation was observed in developmental period at such high density
 
and itwasted labor for collecting moths frequently from vials.
 
Therefore, the density of 20 eggs per I gr of rice bran was
 
employed. Practically 8,000 eggs were reared in 400 gr of bran
 
in a vial (27 x 35 x 6 cm).
 

About 4 weeks later many moths emerged every day. After
 
anesthetization by ether gas they were sexed by hand. Females
 
were stored in a solvent, hexane. However, Dr. Kuwahara, one of
 
our collaborators, found that the solvent did not exhibit any sex
 
pheromone activity to male moths in bioassay. The behavioral study
 
of moths demonstrated the reason why the solvent did not contain
 
the sex pheromone (5).
 

The sex pheromone was already detectable in female
 
pupae of grayish color which had begun their eclosion. The phero
mone content In a female increased up to a maximum after 3 hours
 
from emergence and maintained this level until death Ifthe moths
 
did not mate. The sensitivity of the male moths to the sex
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FIGURE 2. The rearing system of the virgin female moths employing
 

their sex ratio agent
 

43,q 



An economical rearing method of virgin female moths 
using FT-strain was established by Takanashi et al. (6). Funda
mental methods were similar to those obtained at 30% and the 
rearinq density did not modify the degree of sey ratio canifesta
tion. About 7,000 eggs were obtained fror, the moths reared from 
200 eggs on 20 ,or of bran at 30° . 'Jsin- these e:mis fe--ale moths 
were raised at about 20°r, 70' P.o. The ,'axium'- oumorr of their 
ernerqence within a -ieok was obta ined nt jl-re density of- 20-30 egns 
per I or of bran at a food depth of les than 2 cm. Pr.ctica I ly 
the rearinq was conducted by 10,000 erqs in !00 qr of brdn -ithin 
a vial (27 x 35 x 6 cm) at 20±<50. Durir-e t';is pro iect 'a pro
duced aboul 1,200,000 unmated female motis and-c isolated 6 mm of 
sex pheromone (2). 

EXPRESSIO! OF SEX RATIO AGENT IN C. ez:ite'io BY TEMPER-\TURE: The 
FT-strain of C. cazut11a had beer rat-tairerd u!nJer a constant tem
perature of 30'. for aboD+ 0. years in t')._ laboratory. The sex 
ratio of adults of this strain ...as ,ral . ... fror the nor' al 
ratio of I:1 .,,hen they were reared -it I-...r te',:.erFtire. ','hen 
150 ers re reed in 2r o r raa + ve I co n fnsar i z 
of temperature anc atr;ospherics -_otr*-. t'e au,",cr fem Ic-e m. 
male m-oths e ere l ve ra sh ,r in .. , I . The .--x r i ',..s 1:I 
at 3000 even thou.h the. nercerto *m.r-no . '. t , 
change of moisture. At 20C only j f_. 'ft.; every 
moisture condition .ihi lo foe-ales e,-er-e:i at almost th same num'ber 
to those at 30'C At .Co however, soe nales emer.,d and 
Dr. %lutturafound that their copulato ry orns warer a in,- formed 
variable cnqr-ce. mveral -norrial fmrr-s qf th cal c,,-slatory 
organs ,.,ere sho,.n in Fia-re 3. Theoy eier.noral formation of 
vinctulIur' and of the vaIVa of one si-!e; 1!eneneraticn of valva and 
of aedoeaius; i tic i a b conulatrix;pseuoher:-mnhro -,a auursa 
and a super male havini a suDerrumerary valv., The occurrence of 
these abnormal forms was shown in Table - insects?.,hen the ,,..ere 
reared a' 22.5C and ?5'C. Even the apparently normal males had 
some malformations in their copul itory orans and emerned in 
retarded days than females. Thus, the effect of lo,,v temperature 
was different on males and females. Iale gonad development and 
the formation -- growth of male copulatory ornans w-ere especially 
influenced. Tr.. characteristics of the abnormal sex rati- in 
FT-strain wos a consequence of high mortality of males in their 
larval and pupal stages. The abnormal male adults died faster
 
than normal ones and they could not copulate with female;. 

SENSITIVE STAGE IN THE DEVELOPMENTAL PERIOD TO LOW TEMPERATURE 
STIMULATION PROMOTING THE SEX RATIO AGENT: The insects reared at 
300C were exposed to 200C invarious developmental stages for 
5 days, but the sensitive stage to produce abnormal males was riot 
detected due to the weak and short duration of stimulation of low 
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FIGURE 3. Abnormal forms of male copulatory organs in 
Cadra cautella reared at 250C. Drawn by A. Mutuura
 

(Takahashi and Mutuura, 1964)
 
a, b: Pseudohermaphroditic males.
 
c: Degeneration of the valva of one 
side.
 
e-h: Degeneration of male copulatory organs. 
 They apparently


resemble female, but they have no female characters.
 
Ae, Aedoeagus; B, Bursa copulatrix; Co, Crest; Gn, Gnathos;

Un, Uncus; Va, Valva; Vin, Vinculum.
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temperature (3). Takahashi et al. (6) studied again with a little
 

strong stimulation of low temperature (15'C for 10 days). The
 
occurrence of abnormal male copulatory organs was observed In
 

every larval and pupal stage especially from 4th instar to prepupae
 
as shown in Table 3, and the critical stage was not detected. For
 

the practical production of virgin female moths we had to keep
 

Insects at low temperature in their whole developmental stages to
 
promote effectively their sex ratio agent.
 

GENETICS OF THE SEX RATIO AGENT: Takahashi and Kuwahara (7) 
collected some strains of C. ccaiteZla and reared at 300C and 20'C. 

They were S-straTn supplied from Hatano Tobacco Experiment Station 

in Kanaaawa Pre ., H-strain collected at a granary in Kyoto City, 

M-strain collected at a bakery in Osaka City, and W-strain collected 

at a granary in Kyoto University from where FT-strain was collected 

14 years ago. Amongst 5 strains FT- and iV-strains express strong
 

abnormality in sex ratio at 200C. In ?i-strain males were fewer 

than females and some abnormal males .ere found. However, S- and 

Hl-strains were normal in their sex ratio. Their sex ratios were 

rather stable in every season and in every strain. Therefore, it
 

was concluded that the character cf sex ratio agent can be fre

quently observed in some strains and is inherited from generation
 

to generation.
 

CROSSING EXPERIMENT OF FT-STRAIN WITH N-STRAIN: To examine the 
mode of inheritance of the sex ratio agent Takahashi and Kuwahara
 

(7) 	 conduc+ei the crossing experiments between FT-strain and
 

sex ratio. There were no big differences in the
strains of normal 

percentages of egg hatching and a.ult emergence in the crossings
 

between FT- and H-strains (Tables 4 and 5). On the other hand,
 

some abnormal sex 	ratio and abnormal male cooulatory organs were
 

found in some crossings at 2000 (Table 6). However, they could
 

not find clear genetic relation in this crossing experiment.
 

FT-STRAIN WITH S-STRAIN: The crossing
CROSSING EXPERIMENT OF 
experiment was again conducted between FT- and S-strains. In this
 

case the fecundity was iormal in every combination of crossing
 

among strains and 	hybrids though it was clearly governed by the
 

size of female body following the relation found in FT-straln
 

(Fig. 4). However, a unidirectional Incompatibility was found In
 

the rate of egg hatching In the crossing between the two strains
 

(Table 7). The crossing of FT-female x S-male showed very high
 
rate of egg hatching
mortality before egg hatching while normal 


was found In the crossing of S-female x FT-male. The high egg
 

mortality was also found in some hybrid crossings and back cross

ings. The mortality rate was at the same degree at 300C and 20'C
 
sex ratio agent.
and this phenomenon was not related to that of 


This will he discussed elsewhere.
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The larvae of each crossing were reared at 20'C and 30'C
 
and adults emerged at a similar survival rate in every crossing
 
(Table 8). At 30'C the sex ratio was normal but the abnormal sex
 
ratios were found in some crossin'is at 200C (Table 9). The results
 
showed much clear relation of maternal inheritance than in the 
case of crossinl between FT- and '-stralns. 

INJECTION OF THE HAEMOLYMPH OF FT-STRAU TO THE LARVAE OF NORMAL 
STRAIN: There -ire some records that tle sex ratio aqent in 

is srirochete which can ho transrlitteJ by Injection of 
haemoIym.6 (). Trials TO transfer the a ncr,'al sex ratio agent 
were -ade ty in ecin larval haemolymph of the FT-strain IFto 
larval body of .1normal strain (Table 10). However, these attempts
 
were 	 uLsiccessful as shown in Table I. 
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