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ORDRE DU JOUR 

A. GENERAL 

I. Orgafiisatiori de Ia lutte contre les enneirus des denrees emmagasinees 
(par exemple par le Gouvemement· ou par des firmes specialisees). 

2. Legislation (concernant par exemple les degres de purete; !'utilisation de 
fumigants dangereux; Ia quarantaine). 

3· Recrutement et formation de personnel specialise. 
4· Evaluation des pertes causes par les ennemis des denrees emmagasinees. 

B. TECHNIQUE 

I. Technique d'emmagasinage (par exemple emmagasinage a long et a court 
terme j etablissement des plans d'installations d'entreposage en vue de faciliter les 
mesures d'hygiene et de controle). 

2. Fumigation (par exemple en silos ; sous baches etanches ; emploi de Ia 
phostoxine ). 

3· Insecticides de contact (par exemple effet residuel sous les tropiques ; 
efficacite contre differentes especes d'insectes ; contamination des denrees 
alimentaires j resines insecticides). 

4· Problemes ·nouveaux (par exemple propagation de Trogoderma). 
S· Techniques (par exemple sechage du grain, etc., estimation de l'humidite ; 

application des insecticides ; prelevement du gaz etc.). 

C. RECHERCHE 

I. Travaux en cours en Mrique. 
2. Facilites pour l'echange d'informations en ce qui conceme (1); collabora

tion en vue d'eviter une duplication des efforts. 
3· Problemes primordiaux necessitant une etude approfondie. 



RECOMMENDATIONS 



PREAMBLE 

The Meeting WISHES TO EXPRESS its appreciation to C.S.A. for taking 
the initiative in organising the First Specialist Meeting on Stored Food 
Products. 

It also WISHES TO THANK the Government of the Federation of 
Rhodesia and Nyasaland for providing such excellent facilities for the 
meeting and in making all the necessary preparatory arrangements. 

I. Need for Trained Personnel· 

The Meeting IS CONVINCED of the magnitude of the losses in stored 
food products caused by the activities of pests and STRESSES the importance 
of reducing them. 
. It RECOMMENDS that, as an essential part of such reduction, adequate 

trained personnel should be provided both for research in the field and 
in the laboratory and also for advice and supervision of the practical work 
of control. 

2. Assessment of Losses 

The Meeting IS DISTURBED by the lack of scientific method of assessing 
the very heavy losses to stored food products due to the activity of pests. 

It RECOMMENDS that all Member countries should collaborate in 
developing such methods with the intention of securing a degree of 
standardisation. Only in such a way will a true assessment of losses and 
the evaluation of control measures become possible. 

3. Design of Storage Buildings 

In view of the difficulty of controlling pests in unsuitable storage 
buildings the Meeting WISHES to STRESS the necessity for consultation 
between entomologists and engineers when new storage structures are 
being planned. 

4. New Pests 

The Meeting RECOMMENDS that when outbreaks of new pests, and 
particularly Trogoderma granarium occur, the campaign for their suppres
sion should be pursued with the utmost vigour and with no delay 
whatsoever. The cost of such a campaign should be regarded not only in 
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terms of the immediate saving of produce, but as an insurance for the 
future. Governments should therefore be prepared to finance control 
measures in order to check the spread of new pests or to achieve their 
extermination. 

5, Spread of Infestation 

The Meeting RECOMMENDS that ships, railway trucks and lorries 
carrying food found by the official services to be infested by pests should 
be compulsorily disinfested before being authorised to reload foodstuffs. 

The Meeting further RECOMMENDS that for this purpose suitable 
installations shall be established so that insecticidal treatments can be 
carried out with the least possible delay. 

6. Mrican Storage Methods 

The Meeting RECOMMENDS that a general inquiry concerning the local 
conservation of foodstuffs and seeds be carried out in each territory and 
that the results be distributed to all Member Governments. In this 
connection also the Meeting WISHES TO EMPHASISE the prime importance 
of extension work directed to the improvement of native methods of 
food storage. 

1. Exchange of Information 

The Meeting RECOGNISES the need for a full and frequent exchange 
of information between territories in Africa and for this purpose RECOM

MENDS that each territory should appoint a stored food products liaison 
officer whose duty it will be to send progress reports to all liaison officers 
and to C.S.A. twice yearly (say March and September) or more often if 
necessary. 

The Meeting further RECOMMENDS that specialist meetings on stored 
food products should be held at three-year intervals. 

The Meeting TAKES NOTE of the suggestion that supplementary 
regional conferences to study particular problems should be arranged 
according to need. 

The Meeting DRAWS THE ATTENTION of the Member Governments to 
the following points : 

(i) the importance of the possible contamination of foodstuffs by 
contact insecticides ; 

(ii) the need for standardising methods used for the assessment of 
grain water content ; 

(iii) the need for further study into the subject of grain sampling 
methods. 





PREAMBULE 

La Reunion REMERCIE le C.S.A. d'avoir convoque la Premiere Reunion 
de Specialistes pour l'etude du probleme de la conservation des produits 
alimentaires emmagasines. 

Elle EXPRIME egalement sa gratitude au Gouvernement de la Federation 
de la Rhodesie et du Nyassaland pour les facilites accordees ainsi que pour 
l'organisation preparatoire de cette reunion. 

I. Besoins en Personnel Qualifie 

La Reunion EST CONVAINCUE de l'importance des pertes occasionnees 
par les ennemis des produits alimentaires emmagasines. 

Elle RECOMMANDE, comme facteur essentiel d'une reduction de ces 
pertes, l'emploi d'un personnel specialise, d'une part, pour les recherches 
sur le terrain et en laboratoire et, d'autre part, pour la vulgarisation et le 
controle des methodes de lutte. 

2. Evaluation des degits 

La Reunion EST PREOCCUPEE par le manque de methodes scientifiques 
pour l'evaluation des pertes causees par les ennemis des produits 
alimentaires emmagasines. 

Par consequent elle RECOMMANDE que tous les pays membres colla
borent a la mise au point de telles methodes afin d'atteindre un certain 
degre de standardisation et considere que c'est le seul moyen de chiffrer 
correctement les pertes et d'apprecier l'efficacite des mesures de lutte. 

3. Constmction d'installations d'entreposage 

Considerant les difficultes de la lutte contre les ennemis des produits 
dans des installations impropres a cet usage, la Reunion SOULIGNE la 
necessite d'une collaboration etroite entre entomologistes et constructeurs 
pour l'etablissement des projets de nouvelles installations d'entreposage. 

4. Lotte contre les ennemis nouveaux 

La Reunion RECOMMANDE, lorsque des foyers de nouveaux ennemis 
apparaissent et en particulier de Trogoderma granarium qu'une campagne 
de lutte devrait etre entreprise avec la plus grande vigueur et dans le plus 
bref delai. Le cout d'une telle campagne devrait etre considere non 
seulement en vue de Ia sauvegarde immediate des produits, mais encore 
comme une assurance pour l'avenir. En consequence, il serait souhaitable 
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A PRELIMINARY STUDY OF MEmODS OF IMPREGNATION OF 
MAIZE KERNELS IN PREPARATION FOR PHOTOGRAPHY BY 

X-RAYS 

By F. BRUNNEKREEFT 

Entomologist Department of Agriculture, Division of Entomology 

INTRODUCTION 

In connection with the very important problem of infestation with 
insects in any stored product, there are two aspects to be considered. 

Firstly: 
Every sample taken shows us the condition of the product and also 

the number of insects in it. We have found on numerous occasions that 
these two conditions are independent of each other. 

One can compare two other data, namely, the total number of insects 
in a bag and the damage done in a sample drawn from the same bag. The 
independency in this latter case is often almost certain. 

So there are certain difficulties to overcome to find the exact correlation 
between insects and their damage and the standard to be chosen for getting 
the interpretation of the words " weevily " and " beginning infestation ". 
Besides there are influences of different factors such as the climate and the 
origin of the sample. 

Secondly: 
For our own sake and in our opinion one should be more inclined to 

lay stress on research for hidden infestation. 
The internal infestation gives a " standard " which is more rigid and 

reliable, and independent of various conditions except the biological 
developments of insects and their spreading in the product. One can 
predict more or less the percentages in offspring, while the sampling error 
is probably distinctly smaller than iri the above-mentioned sampling 
conditions. 

It is for this reason that the necessity for good X-ray photographs is 
stressed; by studying the techniques in this research field one meets 
several difficulties. 

The following is a presentation of variations that occur in the usual 
X-ray technique as proposed by Simak, M. (1956, p. 7). 

MEmODS 

As opposed to common methods of X-raying of seeds, one often can 
improve this method by chemical and physical means, e.g., by impregnating 
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the seeds with chemical substances : 40 gram samples of white maize 
(W.D. 2) were impregnated with so c.c. fluid, and dried afterwards. 

Then X-raying followed with a Watson medical X-ray apparatus 
provided with a Tungsten or Cobalt window and under the following 
conditions: 35 k.V., 35-40 milli-amp., 56 seconds. The film used was a 
Dupont so6. . 

Thirteen photographs were taken as double checks on five experiments. 
The X-ray results are as follows : Plates 1-6 give an insight in the 

comparison of these, with different solutions, treated batches, whereas 
Plates 7-13 give the comparison of the different sequences of impregnation 
with the same solutions. 

Plate 1 gives the illustration of that part of Exp. I whereby the kernels 
were soaked in the three salt-solutions (two different concentrations). 

Here we see that only the highest concentrations of lead-acetate shows 
up very clearly whereby the sound kernels seem to be more sharply defined 
than the unsound, where one cannot see the bright outline of the kernel. 

The other batches do not show distinct differences as compared to 
the controls. 

Plate 2 gives the illustration of that part of Exp. I, whereby the kernels 
were soaked in the two solutions (two different concentrations of each). 
No definite difference is to be seen. 

Plate 3 gives the illustration of Exp. II where we have got the different 
insoluble salts within the kernels in the shell. 

We see that the highest concentrations (of I N) are clearly visible. 
It appears that the " lead-sulphate kernels " are brighter than the 

" silver-chloride kernels " and these again brighter than the " barium
sulphate-kernels ". 

It seems that during impregnation the solution rather penetrates 
through any accidentally formed damage in the shell of the kernel than 
through obvious openings made by damaging insects. 

Plate 4 gives the illustration of Exp. III where the same differences 
are to be seen. The half-hour longer penetration of acids does not show 
up better. 

Plate 5 gives the illustration of Exp. IV where the first impregnation 
was done with acid-solution whereafter the salt-solutions were added. 

It looks as if here the last impregnation of salt-solutions gives us the 
sites of insect-damages. Sometimes it seems that the insect-damage does 
not show up at all so clearly as with untreated seeds. 

Plate 6 gives the illustration of Exp. V with the same results as just 
mentioned. 

Plate 7-13 serve as double check to show the differences in the sequence 
of treatments for each salt-solution or salt-residue. Here we only find our 
results arranged in another sequence. 
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DISCUSSION 

In comparing the results of a visual inspection of the different im
pregnated kernels one would expect many more differences than our X-ray 
photographs really show. 

These radiographs told us quite other stories. 
Nevertheless it only proves that we must not be too optimistic about 

this technique. 
While the differences of vitality in the kernels of the maize are really 

showing up clearly at the concentration of normal, the insect-damages do 
not show up better. 

Possibly it would be advisable in our next experiments to pay attention 
to the following : 

(a) Air inside damaged kernels. 
We have to evacuate each batch of kernels to be sure of the impregnation. 
(b) Each impregnation must be followed by a drying process before 

we start another soaking. 
(c) The duration and number of soakings have to be varied considerably. 
(d) It seems that the surfaces of internal channels to a certain extent 

resist wetting by aqueous solutions. 

Ultimately it seems to be of utmost importance to try to find a suitable 
method for the definition of : 

(a) Live and dead larvae in kernels with sharp lines. 
(b) The damaging effects of different species of insects. 
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RESUME. 
Dans une comparaison effectuee entre des lots de grains de mais 

impregnes avec differentes solutions salines nous n'avons pas pu obtenir 
des resultats definitifs. . 

Cette technique d'impregnation telle que preconisee par M. Simak 
(1956) ne peut pas donner de resultats definitifs dans nos propres conditions 
d'experimentation. 

Les meilleurs resultats ant ete obtenus avec Ia solution d'acetate de 
plomb, tandis que Ies differents modes de preparation des lots de grains 
de mais nous ant donne une vue superficielle sur le mecanisme de 
penetration. 

Nous savons a present que les sets insolubles peuvent etre prepares de 
preference par un premier trempage des semences dans des sels solubles. 
Ensuite les semences sont traitees avec une solution acide appropriee. 

Les autres moyens nous indiquent les points de penetration dans Ie 
revetement des semences et les alterations de l'enveloppe des grains. 

En ameliorant notre technique nous esperons etablir les deux 
principes suivants : 

a) mise en evidence par des rayons-X des Iarves d'insectes vivantes ou 
mortes. 

b) actions nuisibles des differentes especes d'insectes et comment ils 
apparaissent aux rayons-X. 



BRUCHUS OBTECTUS SAY ou BRUCHE DES HARICOTS 

par P. C. LEFEvRE 

Extrait de Publication I.N.E.A.C., scrie scientifique No. 48, p.46-49, 1950 

Au Kivu, les indigenes consomment les graines de Plzaseolus vulgaris L. 
lorsque ces demieres, apres avoir ete cuites a l'eau et au feu doux, restent 
encore entieres. S'il s'agit de graines prealablement enrobees par un produit 
a base de D.D.T. une partie de ce demier sera entrainee par Ia vapeur et 
une certaine quantite de D.D.T. passera dans l'eau de cuisson, qui n'est 
pas consommee. II en resulte done qu'un pourcentage du D.D.T. prea
lablement melange aux graines, sera ingere par le consommateur. En ce 
qui conceme !'evaluation de ce demier point, nous reproduirons, ci-dessous, 
de larges extraits d'un rapport de recherches etabli par Ia firme Geigy. 
(Bdle, Suisse).• 

TECHNIQUE SUIVIE 

Huits lots de soo g. de graines blanches de P. vulgaris ont ete melanges 
chacun avec o,s g. de Geigy 33, ce qui correspond a so mg. de D.D.T., 
et Soumis ensuite a Ia cuisson. 

ESSAI 

Ce demier comprenait 8 objets : 

a) Cuisson pendant It heure dans un recipient en aluminium non
couvert. 

b) Cuisson pendant trois heures dans un recipient en aluminium 
non-couvert. 

c) Cuisson pendant It heure dans un recipient en aluminium couvert. 
d) Cuisson pendant 3 heures dans un recipient en aluminium couvert. 
e) Cuisson pendant I! heure dans un recipient en fer non-couvert. 
f) Cuisson pendant 3 heures dans un recipient en fer non-couvert. 
g) Cuisson pendant It heure dans un recipient en fer couvert. 
lz) Cuisson pendant 3 heures dans un recipient en fer couvert. 

On a employe a cet effet : 
Quatre litres d'eau pour les essais de It heure en recipient non couvert, 

3 litres d'eau pour les essais de It heure en recipient COUVert, 6 litres d'eau 
pour les essais de 3 heures en recipient non couvert et 4 litres d'eau pour 
les essais de 3 heures en recipient couvert. 

Ces quantites d'eau ont ete ajoutees progressivement pendant Ia 
cuisson de sorte que les graines de P. vulgaris ont toujours ete sous l'eau. 
Apres cuisson on a isole les haricots et l'on a determine les quantites de 

• Nous exprimons a Ia maison Geigy toute notre gratitude. 
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D.D.T. se trouvant d'une part dans les graines et d'autre part dans l'eau 
de cuisson. 

METHODE D'ANALYSE 

Les matieres grasses et le D.D.T. ont ete extraits des haricots et de 
l'eau respectivement au moyen d'acetone et d'ether. 

L'extraction du D.D.T. des matieres grasses a ete effectue par 
application de Ia methode a acide sulphurique et Ia presence du D.D.T. 
a ete decelee par Ia methode colorimetrique selon Schechter et Haller avec 
le photometre de Pulfrich. 

La presence du D.D.E. (Dicolorophenyl dichloroethylene) a ete 
recherchee au moyen de Ia methode colorimetrique a l'aniline. 

Etant donne que l'on n'a pas pu deceler Ia presence du D.D.E., il 
faut admettre qu'il n'y en avait que tres peu ou pas du tout. 

Quant au D.D.T. disparu, on a prouve, par les deux experiences 
sigalees ci-dessous, qu'il a ete entraine par Ia vapeur. 

Premier essai: quatre litres d'eau contenant 50 mg. de D.D.T. p, p' 
pur OU 1-trichlore-2,2 his (parachlorophenyle)-ethane ont ete SOUmis a 
Ia distillation. Apres 8 heures, 3 litres d'eau distillee ont ete retires et 
analyses. II en a ete de meme pour Ia partie non distillee. 

Les resultats suivants ont ete obtenus: 
Quantitc! de D.D.T. dans les 3 litres d'eau distillc!e .• 
Quantitc! de D.D.T. dans Ia partie non distillc!e 

Total 

26mg. 
21 mg. 

47 rng. 

Deuxieme essai: Dix litres d'eau contenant o,s g. de Geigy 33 ont 
ete soumis a Ia distillation. Celle-ci a ete complete apres IS h. 

Ci-apres les resultats obtenus : 
Quantitc! de D.D.T. dans l'eau distillc!e 
Quantitc! de D.D.T. dans le rc!sidu de distillation 

44,8 mg. 
2,8mg. 

Total 47,6mg. 

Le tableau suivant reprend les resultats d'analyses obtenus pour les 
8 objets cites precedemment : 

Haricots cuits Eaux de cuisson D.D.T. 
entrainc! 

Objets par Ia 
Po ids D.D.T. D.D.T. Po ids D.D.T. D.D.T. vapeur 

g (mg.) mg./kg. g (mg.) (mg./kg.) (mg.) 

a 1.064 7.9 7.4 ·336 4o5 1,12 37,6 
b 993 9.8 10,3 926 1,0 101 39,2 
c 1.065 6,o 5,6 ·446 0,5 1,1 43.5 
d 1.135 4.7 4ol 1.175 0,2 0,2 45,1 
e 1.170 12,0 10,2 770 1,7 2,2 36,3 
f 1.205 8,4 6,9 315 0,2 o,6 41,4 
g 1.055 2,8 2,7 595 0,5 o,8 46.7 
h 1.109 2,1 1,9 440 0,4 1,0 47.5 
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CONCLUSIONS 

I.-A }'exception de l'essai " b " les haricots cuits pendant 3 heures 
contenaient mains de D.D.T. que ceux ayant subi une cuisson de I! heure. 

2.- Une plus grande quantite de D.D.T. a ete entrainee par la 
vapeur dans les objets " Recipients couverts " que dans les autres. Cela 
peut probablement etre attribue au fait que la concentration de la vapeur 
en D.D.T. augmente au fur eta mesure que sa temperature s'eleve. 

3·- Dans les 8 objets etudies, la concentration de D.D.T. varie de 
I,9 a Io,3 mg. par kg. de haricots cuits. Dans la pratique cette quantite 
sera probablement encore plus petite, car tout le Geigy 33 n'adhere pas 
aux haricots et on peut admettre que les echantillons preleves dans des 
lots de graines de P. vulgaris emmagasinees contiennent mains de o,I% de 
Geigy 33· . 

4· - Les chiffres signales dans le tableau precedent rentrent pratique
ment dans le cadre des limites autorisees par les legislations anglaise et 
americaine. 11 semble done qu'au point de vue toxicologique rien ne 
s'oppose a !'utilisation du D.D.T. pour la conservation des graines de 
haricots pour autant que la quantite d'insecticide, contenant au maximum 
10% de D.D.T., n'excede pas I kg. par tonne de haricots. 

Si, durant une certaine periode de l'annee, les indigenes vivant en 
milieu coutumier ne consommaient que des haricots traites au Geigy 33, 
dans la proportion de I g. de cet insecticide par kg. de graines de P. vulgaris, 
les quantites de D.D.T. ingerees ne depasseraient pas celles tolerees par 
les legislations dont i1 est question ci-dessus. Lorqu'il s'agit d'indigenes 
ayant une alimentation controtee, Ia quantite de D.D.T. consommee est 
bien inferieure. 

Conformement a Ia formule de ration hebdomadaire suivante, 
conseillee par E. de Wildeman : 

- 15 kg. de bananes ou de patates douces; 
- 500 g. de viande ou de poisson sec ; 
- 400 g. d'huile ; 
- 5 kg. de vivres sees (mais, manioc, haricots, bananes sechees), 

et dans d'eventualite ou les vivres sees seraient constitues uniquement de 
haricots, le travailleur indigene consommerait, en 7 jours, un maximum 
d'environ 103 mg. de D.D.T. et ce dans le cas le plus defavorable (" b" 
du tableau precedent) soit, sur un total de 20,900 kg. de vivres approxi
mativement 4,8 parties de D.D.T. par million. 

Bien que de nombreuses societes congolaises melangent les vivres sees, 
destines au ravitaillement de leur personnel indigene, avec des insecticides 
a base de D.D.T. aucun trouble alimentaire n'a ete signate jusqu'a present. 
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SPRAYING OF FUMIGATED MAIZE STACKS 

I. In view of the costs and trouble involved in the fumigation of weevil 
infested maize, agents are hereby instructed to spread each fumigated 
stack of maize according to the directions set out hereunder immediately 
after the fumigating sheets have been removed in order to safeguard the 

. fumigated stacks against reinfestation. 
An emulsion of wettable powder containing gamma-BHC shall be used 

for spraying. The emulsion or powder shall be mixed with water in such 
proportion that the final spraying liquid will contain o·5% gamma-BHC, 
i.e., i lb. gamma-BHC per IO gallons. The spray shall be applied directly 
against the sides and on the top of the stack so that all exposed bags will 
be covered with a layer of the insecticide. A suitable type of spraying 
pump capable of producing a medium fine spray shall be used in order to 
ensure that the spraying liquid will be evenly distributed. The area to be 
sprayed shall be calculated in advance according to the length and height 
of the sides and the length and width of the roof of the stack, and approx
imately 3-4 gallons of spraying liquid shall be applied to each I ,ooo sq. ft. 
of stack surface. In this regard you are also referred to paragraphs 20, 56, 
57, 59 and 6o of the Board's circular letter regarding the control of grain 
insect which was issued in the form of a booklet in May 1955. As regards 
paragraph 19 of the said circular letter, which warns against the direct 
application of insecticides on bags, it may now be stated that the Department 
of Health has been satisfied in the meantime that the use of BHC pre
parations on bags of maize, if applied in the form of a spray, is permissible 
provided it is not applied in heavier doses than the one prescribed above. 
It is further recommended that Lindane preparations manufactured from 
pure gamma-BHC should be used and that the use of crude BHC prepara
tions should be avoided as far as possible. The higher cost of Lindane pre
parations is justified by the fact that these preparations do not contaminate 
the maize with the pungerit musty odour of crude BHC. Cretain other 
harmful components of crude BHC have also been removed from Lindane 
with the result that preparations of the latter are definitely safer than those 
of the former. 

The spraying of fumigated stacks as outlined above is essential, since 
each maize depot has always had more than one stack of weevil-infested 
maize during the past number of years. As soon as the fumigating sheets 
have been removed from the stacks, the fumigated maize is once more as 
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subject to weevil infestation from outside as before. Consequently it is not 
surprising that even properly fumigated stacks, sooner or later, again 
reveal signs of weevil infestation. Proper spraying of stacks with gamma
BHC will contribute much towards preventing reinfestation. In cases 
where maize has to be stored for long periods after fumigation, it will 
probably be necessary again to spray the stacks after three months (during 
the summer). During winter a second spraying may be postponed as 
long as six months. 

Unless fumigated stacks are safeguarded in this manner against 
reinfestation, the Board's Inspector, who has to approve maize for export 
from time to time, will be compelled to reject such fumigated but unsprayed 
stacks for purposes of export. The result will be that the agent concerned 
will have to fumigate the stacks again or will forfeit the remuneration 
payable on fumigated export maize. 

2. In the light of what has been said above, agents will realise that 
maize of the new crop is as subject to infestation as fumigated maize. 
In the colder parts of the maize area a considerable percentage of the crop 
is probably received uninfested at the depots. Further delivery takes place 
during the coldest months when weevils and confused flour beetles are less 
active and this enables agents to safeguard stacks of new season's maize 
against infestation from outside before weevils and confused flour beetles 
reach the flying stage and can infest the new stacks. 

It is therefore strongly recommended that agents ensure, when 
receiving new maize, that each stack which is completed and which is not 
likely to be loaded away within a period of one or two or three months is 
immediately sprayed with BHC preparations in the manner recommended 
above for fumigated stacks. Your attention is further drawn to the fact 
that sprayed stacks should not be left uncovered in the sun since direct 
sunlight causes the thin layer of gamma-BHC to lose its efficacy fairly 
soon. In order to derive the full benefit from spraying with BHC, agents 
should therefore cover their outside stacks with tarpaulins within one or 
two days after spraying (done in cold winter months). 

3· Naturally spraying of stacks cannot take the place of the application 
of general store hygiene. It is essential that close attention should always 
be given to store hygiene as set out, inter alia, in paragraphs 4-13 of the 
said circular letter of May 1955. If this is not done, ,not much will be 
achieved by spraying stacks. 
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La technique d'inspection et d'echantillonnage qui sert de base a Ia 
determination des pertes, des degres d'infestation et l'etude de l'efficacite 
des traitements ont merite }'attention du laboratoire. De meme, pour 
}'etude de l'action des fumigants et des poudres insecticides dans des 
essais en laboratoires ou essais pratiques dans des greniers, entrepots et 
silos; pour l'arachide, le mais, le hie, les haricots, les figues seches, etc. 

On a determine les pertes dues aux insectes et champignons (moi
sissures) dans l'arachide en Guinee Portugaise et le coprah de S. Tome et 
Mozambique, importes au Portugal en 1951 et 1952. On a estime respective
ment ces pertes de 20% et 6%. 

Les conditions ecologiques des entrepots ; variations de la temperature 
et de l'humidite relative et leurs relations avec le cycle de vie des insectes, 
est actuellement a l'etude en ce qui concerne Ia Metropole, la Guinee et 
l'Angola. 

Apres 5 ans de travail on peut definir un peu plus concretement le 
programme suivant : · 

1. - Organisation et installation definitives des Laboratoires de 
Lisbonne. Separation des Sections Emmagasinage et Biochimie. 

2. - Intensification des permanences de techniques portugaises en 
laboratoires similaires a l'etranger. 

3. - Creation de noyaux de techniciens specialises en chacun des 
Territoires d'Outre-Mer, travaillant en collaboration avec les organisations 
deja existantes. 

4· - Intensification de la collaboration scientifique et technique avec 
les territoires voisins de nos Territoires d'Outre-Mer. 



DESCRIPTION OF THE ASPINDALE SILO, SALISBURY 

and 

FUMIGATION PLANT 

Aspindale Silo consists, in addition to a working house and office, 
of a block of 36 circular bins in four rows of nine with 24 interspace bins. 
The bins have eccentric coned bottoms and are approximately 100ft. deep 
to the grain outlet which, in the main bins, is close to one wall. The circular 
bins are 24 ft. in diameter with a capacity of around 86o tons. The dimen
sions of the interspace bins vary. 

Each bin has one or two circular manhole openings through which the 
grain is introduced from one or other of three conveyor bands running 
the length of the gallery. Below the bins are two main tunnels running 
longitudinally, each containing a converter band on to which the bins 
discharge through chutes. These tunnels are linked by four cross-channels 
containing short-conveyors to take the deliveries from the centre line of 
interspace bins. 

The fumigation plant provides for treatment in all the bins. A movable 
circulation unit is provided on the top floor which can be linked by flexible 
hoses to any bin top and to one of the four " downpipes " which lead into 
the cross-channels below the bins in the tunnel region. The direction of 
circulation is, as usual, up through the bins. Each of the branch pipes 
which run along the main tunnels can be connected by a short flexible pipe 
to any of the three bins. The interspace bins on the centre line are each 
served by a fixed pipe connection carrying its individual stopcock. These 
actually branch off the main pipes in the cross-tunnels. The main pipes 
in the longitudinal tunnel each terminate in the east end of the silo (i.e., 
the erid furthest away from the working house) in an open vertical section 
of about 8 ft. up the side of the silo block. All the main pipelines including 
the " down-pipes " are 9 in. in diameter and the main cocks controlling 
circulation and ventilation are also 9 in. Branch pipes, cocks and flexible 
connections below the bins are all 6 in. in diameter. The flexible pipes 
used on the top gallery are 9 in. in diameter. Cocks are simple gate valves 
allowing straight through flow when open. All pipe connections are by 
bolted flanges with rubber gaskets fixed with adhesive when permanent. 
At the east end of each main tunnel a large axial flow fan is provided for 
exhausting any gas which may leak into the tunnels. 

Connection to the bin top is made by using a specially modified bin 
cover having a 6 in. flanged pipe outlet and a wheel operated movable arm 
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I. ITS IMPORTANCE AS A PEST OF STORED MAIZE IN THE 

FEDERATION OF RHODESIA AND NYASALAND 

INTRODUCTION 

This paper, the first of a series dealing with Trogoderma granarium 
infestation in stored maize in Northern Rhodesia, has been written with 
four main objects in view : firstly to summarise information available on 
the distribution of this pest in Mrica in general and in the Federal area in 
particular ; secondly to give an assessment and appreciation of the relative 
importance of the various factors which appear to influence the establish
ment, increase and spread of the beetle within the Rhodesias ; thirdly to 
consider the economic importance of this pest compared with other known 
pests of stored grain ; and fourthly to suggest possible lines of action which 
might be adopted by the appropriate authorities to combat, within economic 
limits, the loss and depreciation suffered as a result of attack by Trogoderma 
granarium, and to prevent as far as possible the spread of this pest within 
the three territories as well as to neighbouring territories. 

ORIGIN AND DISTRIBUTION 

Trogoderma granarium Everts, commonly referred to as the Khapra 
beetle, is considered by Hinton (1945) to be a native of India, Ceylon and 
Malaya. The date of its introduction into the continent of Africa is not 
known. The distribution of this beetle on the Mrican continent appears, at 
present, to be very patchy. North of the equator, all the countries bordering 
the Sahara are considered to be climatically suitable for the maintenance 
and propagation of this insect. As early as 1935 Zacher records its occurrence 
as a pest in Egypt. According to Howe and Freeman (1955) the first record 
of Trogoderma granarium on groundnut cargoes imported into the United 
Kingdom from West Mrica was in the year 1943· In June of that same 
year Trogoderma granarium was also reported on Nigerian groundnuts. 
The earliest record from Nigeria itself was in 1948 (Howe 1952) when it 
appeared in an enormous outbreak on stored groundnuts. Since then this 
insect has remained one of the most serious pests of stored groundnuts in 
Nigeria. Risbec and Mallamaire (1949) record it as a pest of stored rice 
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in the Niger Valley area of French West Africa but state it does little 
damage. Darling (1951) records Trogoderma granarium as a pest of stored 
sorghum in Sudan. South of the equator, particularly in Northern and 
Southern Rhodesia, a situation has occurred very similar in trend to that 
which occurred in Nigeria except that the commodity involved is maize 
and not groundnuts. Trogoderma granarium was scarcely heard of as a 
pest of stored maize until it suddenly appeared in large numbers at several 
storage centres in both Northern and Southern Rhodesia during the 
storage seasons of 1954 and 1955. Previously in Nyasaland the author 
had collected single specimens during maize and groundnut surveys 
(Salmond 1956) over a period from 1952 to 1955. Despite the presence of 
Trogoderma granarium in Nyasaland, there has been no major outbreak 
of infestation and thus it remains a potential pest. It is possible that chemical 
control measures first begun in 1953 (particularly fumigation with methyl 
bromide) have been effective in holding this pest in check at storage centres 
where bagged maize may remain in store at least seven to eight months. 
It must be noted, however, that it is not the practice of the Agricultural 
Production and Marketing Board in Nyasaland to carry over the purchased 
maize crop from the storage season to another at centralised storage depots. 
Carry-over within the territory occurs mainly in the villages where each 
family has one or more storage container made of bamboo, branches or 
grass, and the maize is stored as cobs complete with sheath. 

The date of introduction of Trogoderma granarium into Rhodesia 
remains obscure, and tentative suggestions only may be put forward to 
explain its appearance so sporadically at different storage centres within 
an apparently short period of time. We shall never know whether it was 
introduced into Northern and Southern Rhodesia simultaneously, or 
whether it was introduced into one of these two territories and carried 
to the other by road or rail. Table 1 gives a list of surrounding territories 
from which Northern Rhodesia has imported maize since 1939· From this 
table one could suggest that Southern Rhodesia, Nyasaland, and South 
Mrica are countries from which Trogoderma granarimn might have been 
imported. Trogoderma granarium has recently been reported as a pest of 
stored maize in parts of South Mrica. So far Trogoderma granarium has 
not been reported as a pest of maize in Angola, Belgian Congo, Mozambique 
or Bechuanaland. 

It must be borne in mind that when present in small numbers, 
Trogoderma granarium infestation may remain undetected for a number of 
years. Only this current year has Trogoderma granarium been reported as 
a pest of stored beans in Zanzibar. This outbreak has caused Tanganyika, 
which to date appears to be free of this pest, to legislate against the im
portation of foodstuffs and other goods from Zanzibar unless adequate 
fumigation treatment with methyl bromide has first taken place, either at 
the point of departure or the port of arrival, within a certain number of 
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Table I.-Countries of origin of maize imported in Northern Rhodesia from 
1939-54 

Year 

1944-45 
1945-46 
1946-47 
1947·48 

1949-50 

195o-51 
1951-52 

1952-53 

1953-54 

1954-55 
1955-56 
1956-57 

Country of origin 

Union of South Africa 
Belgian Congo 
Belgian Congo 
Belgian Congo 
Union of South Africa 
Belgian Congo 
Nyasaland 
Angola 
Belgian Congo 
Angola 
Southern Rhodesia 
Portuguese East Africa 
Union of South Africa (seed maize) 
Southern Rhodesia 
Angola 
Southern Rhodesia 
South African maize (ex S. Rhodesia) 
Belgian Congo 
South Africa 
Belgian Congo 
South Africa (ex S. Rhodesia) 
U.S.A. 
South Africa 
Belgian Congo 
South Africa 
Portuguese East Africa 
Belgian Congo 
South Africa and Southern Rhodesia 
Portuguese East Africa 
Nyasaland 
Belgian Congo 
Portuguese East Africa } 
Southern Rhodesia 
Nyasaland 
Nil 
Nil 
Nil 

Number of bags imported 

129,678 
8,835 

72,947 
146,635 
149.551 
128,631 
29,527 
J4,039 
66,601 
66,930 
76,607 
21,430 

500 
201,713 

8,900 
3,899 

131,656 
27,161 

259.919 
71,348 

139.437 
5 

62,149 
3,423 

64,373 
13,340 
69,393 
65,967 
84,66o 

210,094 
5.995 

321,300 

days. Howe (1952) records that the Commonwealth Institute of Entomology 
in 25 years has received only one specimen of Trogoderma granarium 
from Kenya. 

Inside Northern and Southern Rhodesia Trogoderma granarium is, at 
present, principally established in storage depots situated along the line
of-rail, but not all such depots are infested. Diagram 1 shows the places 
where Trogoderma granarium is known to be established. As entomological 
surveys proceed no doubt other places, including farm premises and maize 
mills, will be found to be infested. Records of Trogoderma granarimn on 
commodities other than maize in the Rhodesias are few. Hall (1954) 
records this pest on cowpeas at Chesikesi, but oddly enough this is one of 
the few line-of-rail depots in which Trogoderma granarium is conspicious 
by its absence. Twelve miles away at Pemba depot the outbreak was and 
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still is heavy. This particular depot has been utilised for observations on 
Trogoderma granarium infestation in maize which will be reported on fully 
in the next paper published on this subject. During April 1954 the author 
visited Lusaka at the request of the Maize Control Board of Northern 
Rhodesia. In one of the sheds of Lusaka depot, Trogoderma granarium was 
noted infesting beans. Adjacent to the bags of beans were bales of new 
sacks. It is possible that considerable cross-infestation occurred, and that 
these sacks were distributed to different areas for purchasing the 1954 
maize crop, and carried with them larvae of Trogoderma granarium. The 
position in Southern Rhodesia is very much akin to that in Northern 
Rhodesia, and the factors involved in the establishment, increase and spread 
of this pest are common to both territories and will now be dealt with in 
Section No. 3· 

FACTORS INFLUENCING THE ESTABLISIDffiNT, INCREASE 
AND SPREAD OF TROGODERMA GRANARIUM IN THE 

RHODESIAS 

Storage conditions for maize in Southern Rhodesia are very similar 
to those in Northern Rhodesia. Most of the information recorded in this 
section has been worked out from data obtained in Northern Rhodesia 
but it applies almost equally well to Southern Rhodesia. Both territories 
have silo storage as well as line-of-rail storage depots where large quantities 
of maize are stored for varying lengths of time ranging from four to twelve 
months, sometimes longer. In neither territory are the storage facilities 
yet adequate so that it is necessary each storage season to build stacks on 
plinths or dunnage in the open. Normally the purchasing and storage of 
the new crop maize commences in July and continues until the end of 
September in Northern Rhodesia, but in Southern Rhodesia maize, I 
understand, may be purchased from farms and traders at any time during 
the year, though much comes in for storage during the period July to 
October of each year. A restriction is placed on the amount of moisture 
allowed in the maize at the date of buying. This figure is now 12·5% but 
used to be 13·5% in Northern Rhodesia. It is normal practice to spray or 
dust each layer of bags in a stack as the stack is being built. Insecticides in 
common use are 20% Lindane, 20 or so% wettable D.D.T. and Gammatox 
-plus stock dip. During the rainy season from December to March 
outside stacks are covered with tarpaulins in Northern Rhodesia and roofed 
over with corrugated metal sheets in Southern Rhodesia. These outside 
stacks remain undisturbed during the rainy season and often well into the 
dry season depending on the amount of carry-over and rate of consumption 
in the territory concerned. 

A combination of several factors appear to have contributed to the 
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establishment, increase and spread of Trogoderma granarium within the 
Rhodesias. These may be designated as storage, environmental, ento
mological and human factors. Considering first the storage factor concerned, 
this relates to the lengthy periods involved, particularly in respect of the 
enormous carry-over of old crop maize into the next and subsequent 
storage seasons. In general this may be considered to be a consequence of 
the rapid expansion of the mining industry and other industries in the 
Federation which has resulted in a large influx of Mricans into towns, those 
Mricans who once produced their own food now need to be fed. This 
increased consumption has been met by increased local production from 
both Mrican and European sources. 

N OF BAGS OF MAl ZE BOUGHT BY N.R. 
IO' MAl ZE 

CONTROL 
BOARD . 

. I 

YEARof SALE 
DIAGRAM I.-Graph showing the amounts of maize purchased by the Maize Control Board 

of Northern Rhodesia from 1949 to 1956. 
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the outer layers of bags. It appears to be a habit of Trogoderma granarium 
larvae and adults to penetrate deep inside a stack; and unless the stack is 
broken down it is not until large numbers of larvae are present, literally 
oozing from the bags on to the ground, that one realises that infestation has 
taken place. This is one of the reasons for my pressing for routine methyl 
bromide fumigation of all stacks of maize as soon as they have been built. 

Environmental conditions 

Howe (1952) and Hadaway (1955) are in agreement that Trogoderma 
granarium is little affected by relative humidity. The optimum relative 
humidity appears to be about So%. Temperature however is an important 
factor in the build-up of an infestation of Trogoderma granarium in stored 
maize. Opinions differ slightly on the range of optimum temperatures 
necessary for development of this species. Table 2 gives the range as 
quoted by three separate research workers. 

Table 2.-0ptimum temperatures recorded for development of Trogoderma 
granarium in stored produce 

Authon'ty 
Hinton (1945) •• 
Howe (1952) .• 
Hadaway (1955) 

Range in degJ. Fah. 
90"- 97" F. 
95°-104° F. 
86°-104" F. 

, At these temperatures Trogoderma granarium may complete its life
cycle from egg to adult in 24 or 25 days. Considering Trogodermagranarium 
as a pest of stored maize only, the environmental factors which are im
portant in the build-up of infestation is the availability of foodstuffs and 
the temperature surrounding the insects. The former needs no comment 
as it is present in abundance. The latter, however, in relation to a stack of 
maize, is worthy of further consideration. During 1955 and early 1956 
the opportunity was taken to study a large stack of new crop maize, of 
dimensions 122 X 120 X 27 ft. A hollow metal rod was inserted to a depth 
of 15 ft. in approximately the centre of the stack. The end of the rod 
projecting from between the bags was insulated with asbestos string, and a 
thermometer was installed at the 14 ft. level which was considered to be 
approximately the centre of the stack. Readings were made weekly (or 
fortnightly as safaris permitted) over a period from the third week in 
July 1955 to the second week in January 1956. The range of moisture 
content of the maize in question was xo·6-13·5%· As the stack was built 
each layer was sprayed with Gammatox-plus though insect infestation, 
which to our knowledge did not include Trogoderma granarium, was light 
in nature. When a maximum and minimum thermometer was available 
it was used to obtain readings at the surface of the stack on the west 
side at a level of 5 ft. above the floor. The results obtained are given in 
Diagram 3· 
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From Diagram 3 it may be seen that while the range of temperature 
at the surface of the stack on the west side did not vary much, undoubtedly 
a greater variation of temperature was experienced at the top of the stack 
where heat from the corrugated iron roofing influences temperature changes. 
However, as a stack of maize may be regarded as a large mass of poorly 
conducting material with little ventilation of its inner parts external 
temperatures do not influence internal temperatures to any extent. The rise 
in temperature in the centre of the stack was due principally to insect in
festation (cf. Milthorpe and Robertson 1948). From the diagram it is 

TEMPERATURE OF. 

0 temperature inside stack. A Max. temp. at surface of the stack. V Min. temp. at 
surface of the stack. 

DIAGRAM J.-{a) Temperature records taken at the centre of a large stack of maize over a 
period of 26 weeks from July 1955 to January 1956. 

(b) Max. and Min. Temperatures recorded at the surface of the stack 5 ft. above ground 
level on the West side of the stack. 

noted that this rise in temperature is gradual but once a temperature of 
around 105° F. is reached it remains steady and further increase would 
appear to be a very gradual process. This record of measurement of heating 
inside a stack of maize, considered in the light of our knowledge of the 
optimum temperatures required for rapid breeding of Trogoderma 
granarium, may provide a probable explanation for the outburst of Trogo
derma granarium infestation which appears so abruptly at different external 
points of a stack of maize. If we assume that a small infestation of Trogo
derma granarium is introduced with the maize initially, then by about 
16 weeks after storage two generations may have been completed, and a 
third begun. By this time the internal temperature is well within the 
optimum required for life-cycles to be completed in 20-25 days. The build
up of population may then be on a grand scale. How long it takes the larvae 
to spread from the internal region to the exterior I don't know, nor do I 
know what factor or factors influence the outpouring of the larvae at 
various points to give a carpet of larvae on the floor area adjacent to the 
stack. This may possibly be a consequence of high population density. 
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Biological factors of importance 

So far we have noted that relative humidity is unimportant to the 
establishment and spread of Trogoderma granarium. Optimum temperature 
range appears to be from 3o-40°C. (86-104° F.) and within this temperature 
internal the life cycle may be completed in 25 days. The adults do not 
fly or feed. The eggs, up to so per female, are laid loosely amongst the 
foodstuffs. The larval stage is bright orange in colour and hairy in 
appearance, and is the stage which does damage to foodstuffs. It is possible 

' for larvae to live without food for a long period of time, which is estimated 
to be of the order of two to three years. During this starvation period 
moulting takes place more frequently than usual and the larvae shrink in 
size. A resting phase of up to 12 months may occur in the larvae stage for 
no apparent reason, at and below 20° C. So far in Central Mrica this phase 
has not been noted in studies on Trogoderma granarium field infestations. 
It is well known that both adults and larvae are cryptic in habit so that 
cracks and crevices become filled with larvae which may remain concealed. 
Casual search is useless. A thorough investigation is necessary to determine 
whether a premise is infested or free of Trogoderma granarium. All stages of 
this pest are resistant to heat and dryness. Their hairy bodies give them a 
good measure of protection against contact insecticides, and at the same 
time serve to facilitate their dispersal by agencies such as wind currents, 
animals and man himself. 

A consideration of the human factor in the establishment and spread of 
Trogoderma granarium 

Man's failure to appreciate the importance of Trogoderma granarium 
as an insect pest of stored produce has been very favourable to the establish
ment and spread of Trogoderma granarium within Central Mrica. 

New maize has been stored near Trogoderma granarium infested maize 
resulting in cross infestation taking place. Because of lack of space, bales 
of new sacks have been in store in sheds which subsequently showed 
Trogoderma granarium infestation. This insect infestation inevitably 
spread to the bales of new sacks and tarpaulins necessitating the fumigation 
of both sacks and tarpaulins before they could be used. Delivery of Trogo
derma granarium infested maize to mills and farms almost certainly took 
place in 1954-55 before the seriousness of the position was assessed. Since 
1955, however, fumigation of the infested maize has been carried out 
wherever it has been possible to do so. A considerable amount of rebagging 
of maize infested with Trogoderma granarium has had to be carried out. 
Mricans have been known to sell or barter infested sacks which they were 
given to bum, to other Mricans. Also maize sweepings set aside to be 
burned have been stolen by Mricans. Infested trucks no doubt have played 
their part in distributing the pest in Central Mrica. The railway trucks I 
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have examined leave much to be desired in the way of cleanliness. Dried 
cattle dung is a feature which is quite common in trucks arriving for maize. 
This dung would be eminently suitable for the carriage of Trogoderma 
granarium larvae. Mrican labour working on an infested stack is quite 
likely to carry larvae on their shoes and clothing to other stacks. Only this 
1956-57 season's stored European maize, brought from farms nearby, 
was found to contain larvae of Trogoderma granarimn. African maize was 
examined at most markets from July to September but no stages of Tro
goderma granarium were collected. One feels, however, that it is only the 
matter of a season or two before 'its appearance is inevitable in the reserves. 

ECONOMIC IMPORTANCE OF TROGODERMA GRANARIUM AS 
A PEST OF STORED 1\IAIZE 

In the majority of cases insect infestation in stored maize is both 
introduced with the commodity and acquired from the building or the 
neighbourhood of the building. Cross infestation from old to new crop 
may occur and neglect on the part of a Depot Manager may result in heavy 
infestation developing in new crop maize, particularly if sweepings and 
old sacking are left lying in comers. Up to the date of the outburst of 
Trogoderma granarium infestation the most important pests infesting stored 
maize in the Federal area were: Calandra oryzae (The maize weevil); 
Sitotroga cerealella (The Angoumois grain moth) ; Tribolium castaneum 
(The red rust flour beetle); Tribolium confusum (The confused flour 
beetle) ; Latheticus oryzae (The long-headed flour beetle) ; Silvanus 
surinamensi's (The saw-toothed beetle) ; Rlzizopertlza domittica (The lesser 
grain borer) ; Gnathocerus maxillosus (The slender-homed flour beetle) ; 
Tenebroides mauritanicus (The Cadelle beetle); Laemophloeus spp. (The 
flat grain beetle); Plodia interpunctella (The Indian meal moth) ; Corcyra 
cephalonica (The rice moth) ; Ephestia cautella (The dried currant moth). 

An examination of Trogoderma grattarium infested maize had indicated 
that unlike some of the pests listed, the Trogoderma grattarium larvae are 
capable of penetrating the grain and of remaining inside until the grain 
is completely hollowed out. The maximum number of larvae dissected from 
a single dent maize grain to date has been 14 individual larvae. The area of 
penetration, provided the grain is undamaged, is in the hollow region where 
the germ is located. Both pupae and adult have been dissected from 
grain but the former have always been very few compared with the number 
of larvae collected from grains. One of the important features of Trogoderma 
granarium infestation is the fact that the larvae move in and out of infested 
bags, thus weakening the fibres of the sacking to such an extent that the 
bag bursts, and if the infestation is heavy the stack of maize may become 
unstable through escape of maize from the burst bags and may eventually 
result in the collapse of the stack. At this stage of investigation a limited 
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amount of data is available on losses through Trogoderma granarium 
attack. I should like to point out that though Trogoderma granarium 
predominate in an infestation, they do not do so to the exclusion of all 
other pests listed. Calandra oryzae is perhaps the one which most 
evidently appears to succumb, but this may be partially the result of the 
high temperatures involved as well as the lack of availability of whole 
grains for egg-laying. Tribolium spp., Silvanus surinamensis, and Laemo
phloeus spp. and Tenebroides mauritanicus do not appear to be unduly 
affected by the presence of Trogoderma granarium larvae. 

A provisional estimate of actual loss in weight in individual bags 
of maize which have been cleaned over an eight-inch mesh sieve may be 
given as ranging from 12-19% following a storage period of almost two 
years and with evidence of heavy attack by Trogoderma granarium and 
other insect pests. Now this does not take into account the quality of the 
maize inside the bags, nor does it include the money spent on rebagging 
which has been carried out. In addition it does not allow for the weight 
of insects still within the grains of maize. Another factor of economic 
importance is that of discoloration of maize, which results when internal 
maize stack temperatures exceed 108° F. The maize may be required to be 
devalued on that account alone. From this brief reference to weight losses 
and devaluation of maize, the reader will realise that monetary losses are 
bound to be heavy if maize is stored for a long period of time and becomes 
heavily infested with Trogoderma granarium. If the number of larva 
skins present in the maize and inside the bags is very heavy, careful 
screening may be necessary before the maize is fed to live-stock. The cost 
of fumigation with methyl bromide may also be included as an essential 
expenditure on the debit side. 

SUGGESTED LINES OF ACTIONS TO COMBAT LOSS AND 
DEPRECIATION OF STORED PRODUCE RESULTING FROl\1 

ATTACK BY TROGODERMA GRANARIUM 

I would like first of all to impress on people that as far as Central 
Mrica is concerned Trogoderma granarium may be regarded as a permanent 
inhabitant, and we must learn to live with it. At present it tends to be 
master rather than slave so to speak, and the sooner these roles are reversed 
the better. As will have been realised it is a very difficult insect to control, 
perhaps the worst of all the insect pests found on stored produce. 

In order to carry out a campaign against its destructiveness, we must 
know where it exists. Towards this end I would like to suggest that a 
programme of inspection be drawn up for all premises associated with the 
storage and production of foodstuffs. For proper inspection trained staff 
is essential. 

Those premises in which Trofoderma granarium is found should be 
D 
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treated as focal centres and control measures should be instituted even 
if the expense involved should be borne by Government. In fact, as far as 
is practicable, all infested premises should be quarantised until effective 
control measures have been carried out. I know full well how difficult 
this is to do on a practical basis, but a start must be made somewhere. I 
think initially a beginning should be made in conjunction with the 
Statutory Boards responsible for the safe storage of foodstuffs. 

As far as control measures in storage premises are concerned the most 
effective method of control is by fumigation of infested stocks with methyl 
bromide under gas sheets. In addition, however, care must be taken to see 
that the premises concerned are thoroughly cleaned and the walls, girders 
and floor areas repeatedly sprayed with an insecticide such as Malathion. 
Care should be exercised to see that no contamination of unprotected food
stuffs takes place. An infested premise should be kept under observation 
for a period of six months after it has been insecticidally treated. 

Another important source of infestation would appear to be railway 
trucks. The Statutory Boards concerned with the storage of foodstuffs 
should draw up a plan of campaign for the cleaning of all railway trucks 
followed by insecticidal spraying before foodstuffs are loaded. 

Returned empty sacks require special consideration and fumigation 
with methyl bromide should be made compulsory before they enter 
circulation again. 

Maize and other products condemned as unfit for human consumption 
because of Trogoderma granarium attack should undergo fumigation before 
it is sold to farmers for stock feed. It is useless to think that by selling the 
infested material one is getting the better of the insect. Farmers, receiving 
infested grain which has not been fumigated, are most likely to bring the 
trouble to their own doorstep for Trogoderma granarimn once it is established 
is most difficult to eradicate. · 

Cereals and cereal products, either as foodstuffs or as seed, which 
enter the Federal area from the Union of South Africa should be required 
to be fumigated before they are fonvarded, or immediately on entry into 
the Federal area. 

In conclusion I wish to state that the lines of action suggested are long 
term, rather than short term measures, and should be pursued over the 
next three years at the end of which period the position might be again 
reviewed on a national basis. 
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n. NmiDERS, DISTRIBUTION AND ACTMTY OF TROGODERMA 
GRANARIUM IN THE FABRIC OF A CAPE-STEEL STORAGE 
SHED 

INTRODUCTION 

At Pemba in the Southern Province of Northern Rhodesia, there are 
two storage sheds alongside of the main railway line which runs through 
the territory from the Copperbelt to Livingstone and thence to Bulawayo 
in Southern Rhodesia. For the past ten years these sheds have been used 
for the storage of dent maize both African and European produced. The 
main road to Livingstone is about sao yards East of these two sheds, one 
of which is known as a Cape-steel shed. There is a 20 ft. clear space 
between the two sheds. The Cape-steel shed was chosen for entomological 
investigations because it has contained 1954 crop maize since about August 
1954· 

This particular consignment of maize, during the lengthy storage 
period involved, has become very heavily infested with Trogoderma 
granarium to such an extent that the maize has had to be down-graded. 
It is no longer considered fit for human consumption and only fit for 
livestock feeding after fumigation with methyl bromide has been carried 
out, followed by screening. Many of the bags of maize have burst open 
and are " weeping ". It was very difficult to carry out fumigation with 
methyl bromide adequately, because the stacks were no longer stable. 
Dosage of methyl bromide used was 3! lb. per 1 ,ooo cu. ft. of space for 
48 hours. During the period of time observations were made on the fabric 
of the building, only two stacks of maize remained in the shed. The fabric 
of the building was examined externally before fumigation of the maize 
inside was carried out. Examination of internal surfaces of the shed was 
effected after fumigation of the stacks of maize had taken place. The primary 
aim of the investigations was to find out how deep-seated the Trogoderma 
infestation had become in the fabric of the building, and to determine what 
cleaning and scraping was necessary before insecticidal treatment could be 
applied in the form of spraying with 25% Malathion wettable powder at 
the rate of 8 oz. per gallon of water per 1 ,ooo sq. ft. of exposed surface. 
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DETAILS OF THE CAPE-STEEL SHED AT PEMBA 

A Cape-steel shed is a type of storage shed frequently found in Central 
and South Mrica. It consists basically of steel staunchions, struts and 
girders covered with corrugated asbestos. It differs from the Hangar 
type of stqrage shed in that there is a row of staunchions down the 
centre of the shed. The presence of these staunchions restricts the size 
of the stacks of maize which may be built, particularly if fumigation 
of the maize under gasproof sheets is contemplated. There are no 
windows in this building and entry into the shed is possible at four points 
only through double doors, two on either side of the shed. Light intensity 
inside is always very poor except when the doors are fully opened. This 
particular storage shed is zoo ft. long, 6o ft. wide and IS ft. high to the 
eaves, extending to 22 ft. at the ridge. Metal girders, four in number, 
run the entire length of the shed. At the short ends of the shed the number 
of girders is increased to six. Each girder is U-shaped in cross-section. 
From the insect infestation point of view the design of these girders is 
important. Both insects and maize spillage readily collect in the hollow 
region of the girders, and may be overlooked during cleaning up operations ; 
particularly if these girders are situated well above eye-level. The central 
row of staunchions is also supported by two sets of girders of the same 
design as those elsewhere in the shed. At the base of the staunchions loose 
maize and insects tend to accummulate. The floor area of this particular 
shed is made of concrete and covered over with Ruberoid felt. Externally 

· there is a brick-concrete base surround to a height of 4 ft. on three sides 
of the shed. The " rail " side does not require such a wall base as the level 
of the ground in itself is adequately raised. A water gutter is present on 
the " road " side of the shed. The railway lines are approximately 7 ft. 
from the wall of the shed. Gentle sloping concrete ramps exist at each of 
the doonvays. · 

DETAILS OF EXAMINATION OF THE FABRIC OF THE 
STORAGE SHED 

External examination of the fabric of the building consisted of col
lecting and counting the number of each kind of insect present in 40 
separate foot-square areas, chosen at random on the surface of the asbestos 
walls. Counts made on the short ends of the shed were taken together and 
considered as a single result. The brick-concrete wall forming the base 
of the shed on three sides was next dealt with. On the " road " side of the 
shed an area of 40 sq. ft. was carefully examined. This was made up of 
ten individual small areas of dimensions 4 x I ft. A similar procedure 
was adopted for the short ends of the shed where a total of 20 sq. ft. was 
examined at either end. It was necessary to scrape the walls with a knife. 
The scrapings were collected on flat plates and transferred to labelled 
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jars. Alllepidoptera webbing and cocoons as well as beetle remains were 
included. In the laboratory the material was sieved and dissected as 
necessary, all insect stages present being removed, identified and counted. 

Attention was next given to a concreted area which is situated on the 
" rail " side of the shed at the base of the asbestos covered walls. The 
asbestos walls are actually set into the concrete along the length of the shed. 
This particular area of concrete at the floorwall joining is I ft. in width and 
contains many crevices. Forty separate I ft. square areas were examined. 
The insect stages present were collected with the aid of fine forceps, and 
put into labelled containers for laboratory examinations. In addition, the 
ground at a distance of 6 ft. from the wall of the shed on the " road " side 
was examined and samples of maize spillage collected for dissection to 
find out if Trogoderma granarium were present. 

Inside the storage shed exactly the same techniques were applied to 
the surfaces of the asbestos walls ; to the wall-base where it existed and 
to areas where floor-wall joinings occurred. Attention was also given to the 
floor area where the Ruberoid felt terminated. The Ruberoid felt was 
raised so that a width of I ft. of felt could be examined on the underside. 
In all, IOO separate I ft. square areas were searched for insect life. Samples 
of maize, insects and debris were collected from some of the girders. In 
this connection, a limit of I ft. distance was imposed on all collections 
made from girders. The insect populations present were analysed. Maize 
grains present were dissected for hidden insect life and then discarded. 

RESULTS AND DISCUSSION 

Howe (I952) records that during normal daylight hours insects were 
not seen on the outside walls of warehouses in Kano, Northern Nigeria, 
with the exception of Trogoderma larvae. This statement does not hold 
for Northern Rhodesia, where both adult and larval Trogoderma were very 
much in evidence on the outside walls of the shed under observation as 
well as Calandra oryzae, Tribolium spp. (mostly T. castaneum) and Silvanus 
surinamensis. Trogoderma adults were quite active in the sunshine. Con
tinued exposure to hours of strong sunshine did not appear to have any 
adverse effect on the larvae of Trogoderma granan'um. Wind currents 
tended to carry off the smaller Trogoderma larvae from the surface of the 
walls of the shed. Some of these larvae were found at a height of I2-I5 ft. 
above ground level. There was no evidence to suggest that only fully 
grown larvae were present. A range of sizes of Trogoderma larvae were 
present, though the fully grown ones were more noticeable. 

In the concrete at ground level on the " rail " side of the shed some 
of the crevices were packed with Trogoderma larvae, as were the areas 
where the asbestos had been set in the concrete. 

Data recorded in Table I confirms the preference of Trogoderma 
larvae for cracks and crevices (Solodovnikova I938) (Howe I952). The 
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Table I.-Number and kinds of insects collected from various external surfaces 
of a Cape-steel shed, an area of 40 sq. ft. being examined in most cases 

Areas of Collection Number and kind of insects collected. 

Calandra Tribolium Silvanus 
Trogodenna Trogodenna oryzae spp. suranimensis 

larvae adults adults adults adults 

Surface of asbestos wall 

I on " rail " side of shed 273 :zo 5 7 4 

Surface of asbestos wall 

I on " road " side of shed 139 II 6 3 IO 

Surface of asbestos walls, 

I short ends of shed 76 9 II IO 4 

Concrete base at ground I 

level on " rail " side of 

I shed :z,6:z:z 14 Nil 6 13 

Brick/concrete wall base 

I I on " road " side of shed I,07J Nil 3 6o :ZI 

Maize spillage on ground Nil Nil I Nil I Nil Nil 
6 ft. distance from Dipteralarvae only found, unidentified as they were acci-
" road " side of shed dently thrown away in the laboratory. 

brick/concrete wall was particularly interesting as at first sight no larvae 
were noticeable on the surface. It was only when scraping with knives 
was carried out that the numbers present in the brick were revealed. 
Whilst Calandra oryzae are known to travel considerable distances over 
surfaces, it appears evident from results obtained that they do not penetrate 
into the fabric to any extent. Tribolium adults, as judging by the number 
extracted from the brick surface, appear more capable of deeper penetration 
into the fabric than Calandra oryzae. Silvanus surinamensis, on account 
of their size and shape, would have little difficulty in entering cracks and 
crevices. Nearly all the Tribolium adults extracted were dead, but nearly 
all the Trogoderma larvae were alive. Without exception all the Trogoderma 
adults collected from cracks and crevices in concrete and brick surfaces 
were dead. In old webbing and cocoons found in between the bricks of 
the wall base, Trogoderma larvae were present in considerable numbers. 
One dead Carabid was found to contain 22 live Trogoderma larvae although 
only two were visible at first inspection of the dead insect. 

The numbers of Trogoderma adults and larvae collected in the fabric 
of the building so far, reveals that the degree of insect infestation present 
externally is considerable and cannot be ignored by those responsible for 
the control of insect pests in storage sheds. When infestation control 
measures are decided upon for sheds in which Trogoderma infestation 
occurs, due consideration must be given each time to insecticidal treatment 
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of external wall surfaces and wall bases, even if no Trogoderma larvae are 
visible at first inspection. The effectiveness of insecticidal spraying extern
ally may, however, be limited during the rainy season, in which case a 
repetition of the treatment should be carried out as soon as the dry season 
prevails. 

Before giving details of insect infestation found· in the fabric of the 
building internally, there are certain facts which must be recorded in 
respect of routine storage practices which took place during the storage 
period from 1954 to the present day. The first of these relates to 'the 
continued removal of insects from around stacks by regular sweeping of 
the floor space ; the second relates to the delivery of maize from part of 
the shed. During the period November-December, 1956, at least one 
quarter of the shed was empty. One cannot ignore the possibility of 
increased spread of insect infestation during the period of time that infested 
maize was rebagged prior to delivery. Another consideration is the effect 
of insecticidal spraying (mostly with Gammatox) which took place at rather 
infrequent intervals during the storage period. 

Table 2.-Number and kinds of insects collected from various internal surfaces 
of a Cape-steel shed, an area of 40 sq. ft. being examined in all cases except for 

floor area where 100 sq. ft. of same was examined 

Number and kinds of insects collected. 
Areas 

of Calandra Tribolium Silvanus 
Collection Trogoderma I Trogoderma oryzae spp. surinamens1"s 

larvae adults Adults Adults Adults 

Surface of asbestos wall 

I I I " rail " side of shed 291 35 120 51 23 

Surface of asbestos wall 

I I " road " side of shed 271 53 110 97 41 

Surface of asbestos walls 

I I at short ends of shed 174 19 56 73 27 

Brick/concrete wallbase 
on " road " side of shed 3,150 20 590 I 1,043 62 

Floor/wall edge 2,8J6 I 45 136 I 91 Nil 

Floor area, below edges 

I I 36 of Ruberoid felt 1,217 73 89 107 

Table 2 presents a very similar picture to Table I except that there is a 
marked increase in numbers of most species recorded. The greatest 
number of insects was taken from the brick wall surface. Most of the 
Trogoderma larvae collected from this particular site were alive, but not so 
the adults. Most of the Calandra adults were dead, as were so% of the 
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Tribolium adults collected from the brick wall surface. The Trogoderma 
adults on the asbestos wall surfaces were mostly alive and active. The 
floor-wall 'edges were important as far as number of Trogoderma larvae 
are concerned. 

Results obtained demonstrate clearly the need for insecticidal treat
ment of the fabric at the time the infested maize is being fumigated with 
methyl bromide. Othenvise reinfestation of the fumigated maize is almost 
bound to occur by insects from the fabric of the building. The amount of 
maize spillage which takes place as a result of Trogoderma attack, creates a 
real difficulty in this connection. At present it is forbidden to allow 25% 
Malathion spray to come into contact with naked maize. A possible 
answer of course is to actually spray the fabric of the building while the 
gas sheets are still on the maize stacks. 

Table 3.-Number and kinds of insects present in samples collected from girders 
at various levels in a Cape-steel shed 

Number and kinds of insects collected 

Position of girders Tribolium Silvanus 
Trogoderma Trogoderma Calandra spp. surinamensis 

larvae adults ory::ae adults adults 

Ground level "rail" I side of shed 1,915 100 II so Nil 

Ground level "road" 
side of shed 54 8 Nil 75 3 

Ground level short end 
of shed (South} 2,584 570 2,074 2,563 51 

s ft. above Ground level 
short end of shed (North} 

166 82 44 8 4 

Top girder " road " side 
of shed 124 3II 203 378 Nil 

Top girder centre of 

I shed 8 Nil Nil 32 5 

Table 3 shows clearly how important it is to carry out cleaning of 
girders before application of insecticide takes place. 

The girder at ground level where a large number of insects was 
collected was situated about 15 in. distance from one of the maize stacks 
which, before fumigation, was very heavily infested with Trogoderma 
granarium. 

It was not possible to examine the overlap area of one asbestos sheet 
with another. This is an area which is definitely held suspect and may 
harbour Trogoderma larvae. 



STORED FOOD PRODUCTS 57 

CONCLUSIONS AND RECOMMENDATIONS 

The principal conclusion arrived at is that economic entomologists 
concerned with the control of Trogoderma granarium as a pest of stored 
produce must be prepared to spend a considerable time on fabric inspection, 
digging into cracks and crevices and scraping walls wherever possible. The 
fact that Trogoderma larvae are not visible does not necessarily mean they 
are absent. Their cryptic habits and ability to live without food give them 
a decided advantage as far as survival is concerned. The search for 
Trogoderma infestation in the fabric must be effected outside the building 
as well as inside. 

The need for treatment of the outside of the building with an insecticide 
such as zs% Malathion is now appreciated when Trogoderma infestation 
is present in the commodity stored inside. 

It is also necessary for thorough cleaning of the premises to be carried 
out before spraying takes· place, particular attention being paid to the 
cleaning of walls, ledges, girders as well as exposing the underside of 
dunnage (such as Ruberoid) when present. This insecticidal spraying 
should be carried out before the gas sheets are removed from the fumigated 
stacks of maize (or other commodity) otherwise reinfestation of the treated 
commodity may occur. 
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INSECT:INFESTATION OF WEST AFRICAN PRODUCE IMPORTED 
INTO BRITAIN 

By R. W. HowE and J. A. FREEMAN 

SUMMARY 

An analysis is made of the records of inspections for infestations by 
insects of cargoes imported into Britain from West Africa. The exporting 
territories extend from Angola to Senegal but the bulk of cargoes were 
produce of the four British Colonies. 

The ready spread of insects from one cargo to another causes infestation 
to be similar for all cargoes but a few species are especially associated with 
a particular crop. Groundnuts in shell are normally shipped alone and 
therefore relatively protected from cross-infestation. 

The three major cargoes are cocoa, palm kernels and groundnuts 
which form four-fifths of the inspected shipments. Fifteen other kinds 
of produce are also considered. 

Twelve species were found on more than zo% of cargoes of cocoa 
beans. Of these five were probably acquired from groundnuts and one 
fr'?m palm kernels by cross-infestation. Eplzestia cautella (Wlk.), Triboliwn 
castaneum (Hbst.) (from groundnuts), Lasioderma serricorne (F.), Neorobia 
rufipes (Deg.) {from palm kernels) and Araecerus fasciculatus (Deg.) all 
infested over 40% of cargoes. 

The fluctuations of infestation year by year are examined and it is 
shown that these are similar for all the species acquired from groundnuts 
except T. castaneum. Variations in frequency of other species appear to 
be unrelated. 

The data are also collected according to month of inspection. Nearly 
all species including both Araecerus and Lasioderma but excepting E. 
cautella were scarcest towards the beginning of both the main crop 
(December) and light crop (May) seasons and commonest at the end of 
each. Lasioderma and all the species acquired by cross-infestation also 
showed a July peak of infestation which cannot be explained with any 
certainty. 

Nine species, five of them mainly acquired from groundnuts, were 
found on more than zo% of cargoes of palm kernels. N. rufipes, T. castaneum 
and E. cautella infested over 75% of cargoes and Oryzaeplzilus spp. 
infested 35%· 
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The yearly fluctuations were similar for the five species typical of the 
humid zone but those for the species acquired from groundnuts were less 
consistent. There was little evidence of a seasonal variation of numbers 
for this cargo. 

Ten species infested over 10% of cargoes of decorticated groundnuts 
but only two of these were acquired in transit through the humid ports. 
All but one infested over one-quarter of cargoes and T. castaneum was 
found on nearly every cargo. 

Yearly variations in frequency of the eight groundnut species were 
fairly similar but seasonal variation was masked by the effects of the over
lapping of storage periods of successive crops. 

Groundnuts were much more heavily infested than the other crops. 
T. castaneum was almost always found at the levels described here as 
" medium " and " heavy ". 

Eight species were found on 10% or more of cargoes of groundnuts 
"in shell. Caryedon Juscus (Goeze), T. Castaneum, E. cautella, Cocyra 
cephalonioa (Stnt.) and Tribolium confusum Duv. infested over 40% of 
cargoes. Beetles increased in abundance toward the end of the season 
(May) but moths were most frequent in mid-season (March-April). 

The infestation of each crop and the yearly and seasonal variation for 
each is compared. 

The species commonly found on the less usual imports are listed, as 
also are some species often found in the dunnage of ships' holds. A list 
is given of all the storage species found on West African cargoes. 



LUTIE CONTRE LES 1\IALADmS ET LES PARASITES ATTAQUANT 
LES ARACHIDES El\IMAGASINEES 

(Extrait du "Bulletin Entomological Research "-Juillet 1952, P. 276) 

DISCUSSION 

La meilleure utilisation des insecticides experimentes 

Le travail ci-dessus est d'ordre qualitatif et non scientifique, a 
}'exception de Ia partie portant sur les poudres, dans lesquelles la perte de 

· poids a ete adoptee comme critere d'efficacite. 11 demeure que, a la suite 
des travaux pratiques executes, i1 a ete possible de recueillir certains 
renseignements precis. 

Contre " Trogoderma" et "Tribolium ", i1 semble que le D.D.T. 
soit mains efficace que le H.C.H. et plus onereux, compte tenu des dosages 
employes. En consequence, le H.C.H., sous forme de poudre humidifiable 
semble devoir devenir Ia pulverisation la plus avantageuse pour les magasins 
et les pyramides. 

Afin de pouvoir incorporer du pyrethre, on a eu recours a des pul
verisations huileuses. En se basant sur des essais, i1 semble possible de 
pouvoir ajouter du pyrethre en P 31 avec un peu de savon, a une suspension 
aqueuse de H.C.H. ou de D.D.T. et d'obtenir une bonne emulsification. 
Dans le cas ou ce genre de suspension donnerait satisfaction, il suffirait 
d'utiliser ces insecticides en solution et le pyrethre dans l'huile, sous forme 
de brouillards appliques aux pyramides encore recouvertes de l'humidite des 
pulverisateurs. Des suspensions aqueuses d'insecticides pourraient rem
placer les brouillards dans les traitements courants appliques aux magasins 
diminuant ainsi les frais, en meme temps que seraient elimines les risques 
d'alteration des arachides par l'huile. 

11 semble que Ia poudre de pyrethre soit efficace a condition d'etre 
melangee aux arachides des sacs exterieurs. 

Le probleme de l'hygiime des magasins et Ia pratique 

A partir du moment ou il est admis que les insectes ont une grande 
influence sur les conditions de stockage et que l'on entreprend de Iutter 
contre eux, i1 importe d'ameliorer les conditions de l'hygiene du stockage; 
ce afin d'eviter des pratiques suceptibles de reduire a neant les mesures 
prises pour eliminer les insectes. De plus, !'administration devrait s'assurer 
que les reglements soient destines a favoriser cette lutte dans toute la 
mesure du possible. 

' 
" 

.. 



LES PRODUITS ALIMENTAIRES EMMAGASINES 

Etant donne les conditions primitives de stockage existant a Kano, 
les services competents ont ete a meme de suggerer plusieurs ameliorations 
d'ordre pratique et de constater certaines pratiques indesirables qui ne 
cesseront probablement pas. 

Une peu desirable particularite de l'empilage des sacs dans les magasins 
de Kano consiste a remplir tous les espaces disponibles, ne laissant ainsi 
aucun passage pour le controle. Depuis, cette situation s'est amelioree 
et les piles ne sont plus aussi serrees contre les murs des magasins. Toutefois, 
les passages assez larges demeurent encore !'exception et les piles branlantes 
les rendent souvent peu surs. 

Le but principal de !'hygiene dans les magasins reside dans Ia pre
vention de !'extension de !'invasion par les insectes. Avant !'apparition de 
" Trogoderma II !'absence d'hygiene dans les magasins, a mains d'etre 
pratiquee universellement, ne tirait pas a grande consequence car les 
autres insectes se propageaient par le vol. Dans les conditions actuelles, 
les mesures d'hygiene prises devraient tendre a empecher }'extension de 
Trogoderma au produit d'une meme espece, ainsi qu'a toutes les especes, 
d'une meme annee a celle d'une autre. Ce demier but peut etre atteint 
par Ia segregation des recoltes, soit dans le temps : en exportant une 
recolte avant que l'autre ne soit rentree, soit dans l'espace : en pla9ant les 
produits de deux recoltes differentes a quelques kilometres les uns des 
autres. La destruction de tous les residus infectes et Ia fumigation des 
sacs, beches, etc., devrait parfaire ce double objet. 

Le probleme " Trogoderma 11 exige du bon sens de Ia part de tous 
ceux qui touchent aux arachides ainsi qu'une stricte " desinfestation 11 

des outils et des lieux. A cet effet, i1 convient que les controleurs soient 
tres bien informes des dangers, soient habilites a traiter toils incidents et 
que leur nombre soit probablement renforce afin de repondre a toutes les 
tftches supplementaires. Les procedes tels que le vannage en plein air des 
arachides infectees doit etre remplace par un tamisage enlevant Ia poussiere 
et les insectes dans une boite (telle que les services emploient deja) et en 
procedant au brulage de tous les residus. Avant de quitter les lieux tous 
les travailleurs devraient netoyer leurs vetements, specialement les chaus
sures, Ies plis des pantalons et les chapeaux ; ce qui ne les empechera pas, 
quand meme, de transporter quelques insectes avec eux. 

II est peu probable que l'on assiste a une amelioration des conditions 
de stockage et Ia seule methode suceptible d'ameliorer Ia situation serait 
de proceder a des changements d'ordre administratif. Par exemple, rendre 
au Departement : " Marketing and Exports 11 Ia responsabilite de Ia 
repartition des wagons devient une necessite car cela donnera Ia possibilite 
d'etablir cette repartition suivant le degre d'infestation. Ce procede a 
certainement reduit !'importance de " Trogoderma II en 1949· Alors, Ia 
faute habituelle consistait a ne pas tenir compte de !'extension de " Trogo
derma 11 par suite de Ia manutention de lots infestes pres des lots intacts. 









RICE INFESTATION CONTROL RESEARCH SCHEME, SIERRA 
LEONE. SOME NOTES ON WORK CARRIED OUT BY THE 

SCIENTIFIC OFFICER, JANUARY 1955 TO JULY 1956 

By P. F. PREVENT 

Scientific Officer 

INTRODUCTION 
In Sierra Leone at the present time there are two Government Rice 

Mills which handle a large proportion of the rice grown. At these mills 
the paddy is received during the harvest period, December to January, 
and parboiling commences immediately, continuing through the dry season 
until May. The parboiling process consists of an overnight soaking in 
water (about 14 hours), followed by steaming for 20 minutes. The paddy is 
then dried in the sun on the drying floors for a period of s-6 hours. To
·wards the end of the dry season it may be necessary for this drying to be 
repeated because of dull weather. It can be seen that under these cir
cumstances it is only possible to parboil during the dry season. In other 
words, it has been necessary to parboil a sufficient quantity for milling 
throughout the year, necessitating the storage of parboiled paddy during 
the wet season. At the time of commencement of the Scheme severe 
doubts were being felt with regard to the generally accepted view that 
after the parboiling the paddy is less susceptible to insect attack than 
before. Accordingly experiments were conducted to compare the storage 
of raw paddy and parboiled paddy. 

Another major problem is that of native cleaned rice, which is often 
held by up-co:untry dealers at the commen-cement of the harvest period, 
with a view to obtaining a higher price later in the year and eventually 
sent to the rice mills. It is often received very heavily infested. No 
facilities exist at the moment for the successful disinfestation of such 
consignments. It is intended to devote some time in the near future to 
experimental fumigation of rice, both under gas-proof sheeting and in a 
silo. . 

A similar problem has arisen with the importation of rice, particularly 
rice from India and Burma. This rice is often heavily infested and no 
facilities exist in Freetown for treatment of the rice either before discharge 
from the ship or at the quay before transport to the Rice Mill. 

RESEARCH 

The work to be carried out under the Scheme has been planned along 
two definite lines : 

I. A study of the storage of rice in its various stages of preparation, 
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with special emphasis on infestation and moisture content and comparing 
bag and bulk storage. 

2. A study of the lasting toxicity of contact insecticides ; and fumi
gation in a plywood silo and under gas-proof sheeting, using chlorinated 
hydrocarbons. · 

During the first tour, January 1955 to July 1956, emphasis has been 
made on the first of these, though no definite data are as yet available on silo 
storage of rice. 

An experiment was carried out in which 12 bags each of Swamp 
grown raw and parboiled paddy were set up as small stacks and observations 
made over a period of a year, after an initial introduction of insects 
(Rhizopertha dominica and Calandra oryzae). No control measures were 
attempted in this experiment, the main purposes of which was to assess 
the build-up of insect numbers, and to assess the losses, by weight, due 
to infestation. 

A shortage of·rice at the time prevented the inclusion of native cleaned 
rice and parboiled milled rice in this experiment. 

During a period of storage of a year no increase in insect numbers was 
recorded from the raw paddy which can be considered to store safely for 
this period within the range of moisture content recorded {12'5-14·9%). 
The percentage loss by weight was found to be 5·9%, due partly to drying 
out and partly to rodent damage. 

During the first five months of the storage period a very considerable 
increase in insect numbers was recorded from the parboiled paddy, after 
which a steady decrease was noted. 

Associated with this increase, which was mainly of R. dominica, was a 
substantial rise in temperature (to a peak of 39° C. after three months) 
and a drop in relative humidity, from So% (13·9% moisture content) to 
49% (11·2% moisture content). The percentage loss before sieving, 
i.e., apparent loss, was estimated as 25·5% ; and after sieving, i.e., actual 
loss, 41%. Storage of parboiled paddy for a longer period than two months 
without control measures is therefore considered inadvisable. 

In conjunction with this work laboratory experiments have been 
conducted to study the susceptibility of rice in its different forms to attack 
by C. oryzae; the effect of different humidities on the development of 
C. oryzae ; and the oviposition rate and longevity of C. oryzae. Further 
experiments will be conducted along these lines with R. dominica and other 
major pests. A study will also be made of the susceptibility of a number 
of varieties of paddy (before parboiling) to attack by insects. 

A larger scale experiment was carried out, in a typical corrugated iron 
store at the Clinetown Rice Mill, again with raw and parboiled paddy, 
in stacks of 225 bags, 1% " Lindex " dust being applied to the outsides 
of the stacks at monthly intervals. 

The data obtained from this experiment show conclusively, as does 
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3· -Un saupoudrage mensuel de "Lindex" sous forme de poudre 
seche d'une teneur de 1% des sacs non-infestes au debut, ne suffit 
pas comme moyen de lutte. Des essais seront faits pour tester Ia toxicite 
remanante du lindex et son efficacite suivant differentes manieres d'emploi. 

4·- Des enquetes ont ete entreprises pour l'emmagasinage du riz 
dans un silo experimental en contre-plaque d'une capacite de 13 tonnes 
(paddy). 



MAIZE STORAGE IN ASHANTI 

By J. FoRSYTH 

Department of Agriculture, Gold Coast 

An important maize growing belt occurs in Central Ashanti, following 
more or less the sandstone scarp running S.E. to N.W. Ecologically the 
area is within, what is termed the dry decidous forest zone, on soils largely 
derived from sandstone and enjoying a rainfall of 45-55 in. per annum, 
distributed in two rainy seasons, the rainfall peaks being in May/June and 
October. The traditional practice is to grow two crops a year, coinciding 
with the two rainy seasons, the major rains crop, from February/March 
to July/August, being at present the more important largely due to severe 
·stem borer attack in the minor rains crops. However, the Department of 
Agriculture has now introduced a successful method of borer control, and 
it is anticipated that the minor rains crop will increase in importance. 

The estimated total acreage of maize in the Ashanti maize belt is 
7o-8o,ooo acres, with a gross annual production of about 3D-35,ooo tons. 

The traditional method of storage by the farmer is in cribs situated 
mostly in or near the farms, but where the maize fields are near the home 
village, cribs are erected in the village. Cribs are constructed of local 
wooden materials, raised 3-4 ft. from the ground and usually have bamboo
slatted walls. Roofing is either of thatch, wooden shingles or, if owned by 
the wealthier farmers, of corrugated iron. 

Capacity of these cribs varies from r6o-3,ooo cu. ft., which is roughly 
equivalent to o·65-ro·8 tons (1 ton of the local maize on cob with sheath 
occupies approximately 250 cu. ft.), the majority of the cribs containing 
3-7 tons. 

The cobs are normally stored with the sheath, although occasionally 
the sheath may be removed. The main harvest falls in July and August, 
when although the rainfall is low, atmospheric humidity is at the yearly 
maximum, hence the grain moisture content is high ranging between 
2o-27%, contrasted with 15-20% in the crop harvested in January, 
which is well into the dry season, both as regards rainfall and humidity. 

Surveys of cribs have shown that in spite of the high moisture content, 
especially of the July-August harvest, extremely little heating or mould 
occurs, a gradual drying out taking place during storage, but severe insect 
infestations develop, both by the introduction into store of field infested 
cobs and by transference of pests from previous seasons storage debris. 
This high level of insect attack largely determines the marketing pattern. 
Something like 2o-3o% of the crop is sold immediately after harvest to a 
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highly organised middleman's system. The remainder of the crop is sold 
to the dealers according to market demands, but the farmer's price is kept , 
low on the grounds that the dealer pays for deteriorating maize, and thus 
must allow himself a (considerable) margin. This almost invariably results 
in a large differential between the farmer's price and that eventually paid 
by the public. 

In these circumstances successful insect control would mean that the 
farmer would be more independent of the dealer, in that he is enabled to 
keep his maize in good condition for long periods, and also for the same 
reason, close the gap between producer and retail prices. 

Two lines of approach have been adopted, one to attempt insect 
control in the traditional maize cribs, and the other to introduce an entirely 
new method, that of bulk silo storage on a communal or co-operative 
basis. Each is dealt with separately in what follows. 

CRIB STORAGE 
The insect population of maize cribs is extremely varied. The most 

important pest is undoubtedly Calandra oryzae, but Mussidia nigrivenella 
is· common and widespread. In both these species primary infestation 
occurs in the field and it is probable that, as will be shown later, the im
portance of Mussidia is that it predisposes cobs to Calandra attack. Other 
species found include Tribolium castaneum, T. confusum, Gnathocerus 
maxillosus, Palorus spp. and Sitotroga cereallela. 

It was obvious from the surveys carried out that if some simple method 
could be found to protect cob maize from insect attack, sound maize 
storage could be practised very cheaply. The only cash outlay would be 
for insecticides, since the farmers own labour is not " sold " elsewhere. 

A preliminary trial was laid down in July 1955 using o·5o% gamma
B.H.C. at various rates on cobs minus sheath. This experiment was dis
appointing. There was too big a delay between harvest and treatment, 
resulting in the emergence a few weeks later of large numbers of adults 
developing from a heavy infestation between harvest and treatment. It is 
thus clear that if reasonable control is to be achieved, insecticidal treatment 
must take place immediately after harvest. It was also found that something 
better than the simple " pepperpot " tin, used for borer dusting would be 
required for storage work. 

At the same time, July 1955, a survey was made of maize cobs at 
harvest. From 725 cobs sampled at four places in Ashanti the following 
percentage infestations were found : 

Calandra oryzae 
Palorus spp. 
Earworm 

33·3% 
38·2% 
31•6% 

(Mussidia, Eldana, Sesamia, Busseola, plus unidentified) 
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The high incidence of Palorus was thought worthy of further in
vestigation, and the following comparisons emerged from four varieties 
sampled: "Local", Alioto (another Gold Coast maize) Tsolo and what is 
known as " American ", in percentages of cobs attacked. 

Cobs Calandra 
I9SS sampled Calandra +Palorus Palorus 

Local 400 Il"S 14·s 26·o 
Alioto IOO IS'O 12'0 18·o 
Tsolo I7S 14'0 43'0 10'0 
American so 0 20'0 28·o 

Palorus has previously been recorded largely as a storage and not a 
field pest. It was thought that there may have been a relation with the 
incidence of Calandra, but this did not appear to be so. The general 
impression now is that Palorus is secondary, depending for entry on prior 
damage to cobs, and grains, but further investigation is necessary into the 
bionomics of Palorus as a field pest of maize. 

In July 1956 while laying down a dusting trial the cobs, " local " 
variety, were examined as they were de-sheathed for Calandra and earworm 
(mainly Mussidia) damage, and the following figures were obtained. 

Earwonn 
Eanvonn plus Calandra 
Calandra 
None •• 

Total Eanvonn damage 
Total Calandra damage 

Total 

Number of 
cobs sampled 

S74 
207 

73 
67 

921 

781 
280 

Percentage 

62·3 
22'S 
7'9 
7'3 

100'0 

84·8% 
30'4% 

It is interesting to note that almost three-quarters of the Calandra 
attack is associated with earworm damage, and the level of Calandra attack 
is similar to that of 1955, whereas earworm attack appears to be much 
higher. This is because in 1956 moth damage was used as the criterion 
instead of presence of larvae. 

DUSTING TRIAL, AUGUST 1956 

. A cob dusting trial was carried out using a 0·45% gamma-B.H.C. 
dust (Lindane quality) at 10 p.p.m. using a Kyoritu (Japanese) aluminium 
hand duster. A farm with five cribs was selected three of which were dusted, 
and two undusted. . 

The dust was applied at one half cigarette tin (4 oz.) to one sack of 
cobs {I cwt.). Actually it was found that it was easier to use baskets as 
measures, 5 baskets=I cwt. cobs. 










































































































































































































































































