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COMMISSION DE COOPERATION TECHNIQUE EN AFRIQUE AU SUD 
DU SAHARA 

Assurer Ia coop~ration technique entre les 
sont responsables en Mrique au Sud du S 

I) Traiter de tout sujet concernant I 
Membres et leurs territoires dans le cad 
2) Recommander aux Gouvemements 
de cette coop~ration. 
3) Convoquer les conferences techni 
tenir. 
4) Contra!er du point de vue g~n~ral 
plac~ sous son ~gide et pr~enter a 
y aff~rentes. 

s) Pmenter des recommandations aux 
de nouveaux organismes ou Ia r~vision d s d ositions exi 
technique, dans le cadre de Ia comp~tence te · ri 
6) Pr~enter des recommandations aux Gouvern 
demandes conjointes d'assistance technique aux or::1.t...Jo~n=-s::-!:m~~m::::ationales. 
7) Pr~enter des avis sur toutes questions concernant Ia coop~ration technique q'u 
soumettront les Gouvemements Membres. ,t.-.;+---1 

8) Administrer le Fonds Interafricain de Ia Recherche et Ia Fondation pour I'Assi 
Mutuelle en Mrique au Sud du Sahara. 

BUDGET 

Aliment~ par les contributions des Gouvemements Membres. 

ORGANISATION 

I) La C.C.T.A. se r~unit au moins une fois chaque ann~e. Ses recommandations et 
conclusions sont port~es a Ia connaissance des Gouvernements Membres en vue de leur 
adoption a l'unanimit~ ainsi que de leur mise en reuvre dans ]es territoires int~ress~s. 
2) Le Conseil Scientifique pour I'Mrique au Sud du Sahara (C.S.A.), Conseiller Scientifique 
de Ia C.C.T.A., a ~t~ cr~~ en Novembre I9SO, comme suite a Ia Conference Scientifique 
de Johannesbourg (I949), en vue de favoriser !'application de Ia science a Ia solution des 
probl~mes africains. II est compos~ de personnalites eminentes, choisies de telle sorte qu 
les principales disciplines scientifiques importantes au stade actuel du developpement de 
I'Mrique soient repr~entees. En tant que membres du Conseil ces personnalites n'agissent 
pas sur instructions de leurs Gouvernements respectifs mais sont responsables individuelle­
ment devant le Conseil. 
3) Des Bureaux et Comites techniques traitent chacun un aspect particulier de Ia cooperation 
r~gionale et interterritoriale en Afrique au Sud du Sahara. . 
4) La C.C.T.A. et le C.S.A. disposent d'un Secretariat Conjoint. Celui-ci comporte deux 
si~ges, l'un en Europe (Londres), !'autre en Afrique (Bukavu). II est dirig~ par un 
Secretaire-G~neral assist~ a Londres par un Secr~taire-Gen~ral Adjoint et a Bukavu par un 
Secretaire Scientifique. Un secretaire pour Ia F.A.M.A. lui est egalement adjoint. 

PUBLICATIONS 

Des brochures traitant de probl~mes scientifiques et techniques, dont les donnees sont 
habituellement rassemblees en Mrique par le C.S.A., sont publiees a Londres, Toute 
demande d'information devra l!tre adressee au si~ge de Londres du Secretariat Conjoint, a 
!'attention du fonctionnaire charg~ des Publications et de !'Information. 



COMMISSION FOR TECHNICAL CO-OPERATION IN AFRICA SOUTH 
OF THE SAHARA 

Established in January, 1950, the Commission for Technical Co-operation in Mrica South 
of the Sahara ( .C.T .A.) was the subject of an Inter-governmental Agreement signed in 
London on 18 January, 1954· It consists now of the following Governments: Belgium, 

-f"etlel~·~ odesia and Nyasaland, France, Ghana, Liberia, Portugal, Union of South 
"ngdom. 

OBJECT 

FUNCTIONS 

all matters affecting technical co-operation between the Member 

FINANCE 

ORGANISATION 

al with specific aspects of regional and inter­
he Sahara. 

etariat serves C.C. . . and C.S.A. It has two seats, one in" Europe 
e in Mrica (Bukavu). It is administered by a Secretary-General and a 

A.M.A.; and in Bukavu by a Scientific Secretary. 

PUBLICATIONS 

~-.aaa1m1cations dea1ing with scientific and technical problems, the data of which are usually 
collected in Africa by C.S.A., are issued in London. Inquiries should be addressed to the 
London seat of the Joint Secretariat, for the attention of the Publications and Information 
Officer. 
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AGENDA .. ,, 

A. GENERAL 

I. Organisation of pest control,~ork (e.g. by the Government or by specialised 
servicing companies). 

2. Legislation (e.g. for standards of purity; use of dangerous fumigants; 
quarantine). 

3· Recruitment and training of specialised staff. 
4· Assessment of losses due to infestation. 

B. TECHNICAL 

I. Storage techniques (e.g. long~ and short-term storage; design of buildings 
to facilitate hygiene and control). 

2. Fumigation (e.g. in silos; under gas-proof sheets; use of phostoxin). 
3· Contact insecticides (e.g. toxic life in tropics;. effectiveness. against different 

insect species; contamination of foodstuffs; insecticidal resins). 
4· New problems (e.g. the spread of Trogoderma). 
S· Techniques (e.g. drying of grain, etc., moisture estimation ; application 

of insecticides ; gas sampling}. 

C. RESEARCH 

I. Work in progress in Mrica. 
2. Facilities for exchange of information on (I}; collaboration in order to 

avoid duplication of effort. .. , . . .. . .. , 
3· Outstanding problems needing investigation. 



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. 
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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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que les Gouvernements soient disposes a financer les mesures de lutte 
afin d'enrayer Ia propagation de nouveaux ennemis ou de les exterminer. 

5. Propagation de l'infestation 

La Reunion RECOMMANDE que les bateaux, les wagons et les camions 
transportant des denrees alimentaires reconnues par les services officiels 
comme etant infestes soient obligatoirement desinsectises avant d'etre 
autorises a charger de nouveau des denrees alimentaires. 

La Reunion RECOMMANDE en outre que dans ce but les installations 
necessaires soient prevues afin que les traitements insecticides appropries 
puissent etre executes dans les delais les plus brefs. 

6. Enquete snr Ia Conservation des Produits Alimentaires par Ies Africains 

La Reunion RECOMMANDE qu'une enquete generalisee concernant les 
moyens locaux de conservation des denrees alimentaires et des semences, 
employes par les Africains, soit realisee dans chaque territoire et que les 
resultats en soient diffuses aupres de tous les Gouvernements Membres. 
Egalement dans ce but la Reunion DESIRE SOULIGNER !'importance 
primordiale qu'elle attache ala vulgarisation de }'amelioration des methodes 
de conservation des denrees alimentaires dans un milieu rural. 

7. Echange d'information 

La Reunion RECONNAIT Ia necessite d'un echange d'informations 
frequent et complet entre les territoires de 1' Afrique et dans ce but 
RECOMMANDE que chaque territoire designe un correspondant specialiste 
dans l'entreposage des denrees alimentaires. Ce dernier serait charge 
d'adresser a tous les autres correspondants et au C.S.A. deux fois par an 
(par exemple en mars et en septembre) et plus souvent si necessaire, des 
rapports sur les recherches en cours. 

La Reunion RECOMMANDE en outre que des conferences de specialistes 
sur les denrees alimentaires emmagasinees se tiennent tous les trois ans. 

La Reunion PREND NOTE de la suggestion de reunir des conferences . 
regionales supplementaires chaque fois que l'etude d'un probleme 
particulier se presentera. 

La Reunion ATTIRE L'ATTENTION des Gouvernements Membres sur 
It les questions suivantes : 

i) !'importance d'une contamination possible des denrees par des 
~r insecticides de contact ; 

ii) Ia necessite de standardiser les methodes de mesure de l'humidite 
des grains; 

iii) Ia necessite d'un complement d'etude sur des methodes d'echan­
tillonage des grains. 

B 
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NOTE SUR LES APP AREn.S DE DOSAGE DU DEGRE D'HUMIDITE 
PRESENTEE PAR LA DMSION DE NORMALISATION, TECHNOLOGIE 

et REPRESSION DES FRAUDES. 
CENTRE TECHNIQUE D'AGRICULTRE TROPICALE (ORSTOl\1) FRANCE 

I. - La connaissance de Ia teneur absolue en eau des matieres 
vegetates (et animates) est tres delicate par suite de Ia complexite des 
phenomenes physico-chimiques de l'eau dite " liee" et de Ia tres grande 
difficulte d'obtenir une siccite totale ainsi que du temps considerable que 
cela exige. 

2.- C'est pourquoi, Ia teneur en eau de ces matieres est definie par 
·l'emploi des methodes de sechage de laboratoire: 

a) Etuve a air libre ou a .circulation d'air a IOQ-105° c. en general 
(cette temperature pouvant varier de 75 a 130° suivant la stabilite physico­
chimique du produit analyse) jusqu'a poids constant. 

b) 1\lethode dite "au xylene", par entrainement de l'eau en vapeur, 
jusqu'a volume constant de cette eau recueillie. 

c) Methode chimique de KARL FISCHER. 

Suivant les produits envisages et les circonstances, on choisit l'une 
de ces trois methodes. 

Appliques a un ml:me produit, les resultats sont assez voisins pour 
l:tre interchangeables, dans Ia plupart des cas, sauf si l'on veut obtenir 
des precisions elevees. 

3·- Pour le sechage et Ia conservation des denrees alimentaires, la 
·precision necessaire a la mesure de l'humidite ne depasse pas 0,2-o,3% 
( du poids initial) ; les methodes ci-dessus donnent des precisions supe­
rieures, mais presentent !'inconvenient d'etre tongues, de necessiter des 
appareillages de laboratoire ou d'etre d'un maniement delicat. 

Aussi a-t-on cherche a leur substituer des precedes rapides, simples et 
suffisamment precis. De nombreux appareils ont ete con~us et construits 
qui repondent plus ou moins bien aux buts desires, apres etalonnage au 
moyen des methodes ci-dessus. 

Le Service de Normalisation, de Technologie et de Repression des 
Fraudes a entrepris une etude qui vise a rassembler une documentation 
sur le maximum d'appareils dont il a pu avoir connaissance. 

4·- L'examen de 40 appareillages, environ, qui sont a l'etude, a 
permis d'etablir un classement base sur les principes de fonctionnement. 
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On peut ainsi considerer : 

a) Les appareils a mesure directe (sans echantillonnage prealable), dans 
les sacs ou les tas, utilisant : 

- soit l'hygrometre a cheveu (Lambrecht, Quicktest). 
- soit Ia mesure de Ia conductibilite electrique (Scotmex, KPM, 

Electropsychrometre, Weston, etc.). 
b) Les appareils a mesure de proprietes electriques utilisant: 
- soit Ia mesure de Ia conductibilite ( ou resistivite) electrique 

Electropsychrometre, Marconi, Weston, Universal, Aqua-part, etc.). 
- soit la mesure de constantes dielectriques (Weston, Moisture 

register, Hygrometre HYB II, Lerring, Wiking III, Bouchet, Kappa, etc.). 
c) Les appareils thermiques utilisant: 
- soit le chauffage rapide dans des etuves specialement con~ues 

(Buhler, Brabender, Chopin, Simon, etc.). 
- soit le chauffage par lampe infra-rouge (Infradior, Pisani, Gallia, 

AGAT, Nourylande, etc.). 
d) Les appareils a reaction chimique utilisant l'action du carbure de 

calcium sur l'eau (Chopin, Speedy). 
5·- Parmi tous ces appareils, plusieurs ont ete experimentes par les 

services de controle du conditionnement de certains territoires. 
Ceux-ci ont done, sur les appareils essayes, une opinion confirmee par 

Ia pratique, en connaissant les avantages et inconvenients pour Ia mesure 
de l'humidite de divers produits (cacao, cafe, riz en particulier). 

Seton les renseignements recueillis par le Service de Normalisation, de 
Technologic et de Repression des Fraudes, les services de controle du 
conditionnement ont etudie et employe les appareillages suivants : 

a) 1\ladagascar- Infradior (infra-rouge) et Aquapart (resistivite 
electrique) pour le riz. 

b) Cameroun- Lambrecht (hygrometre a cheveu) KPM et Electro­
psychrometre PF 51 (resistivite electrique) pour Ia mesure directe de 
l'humidite des cafes et cacaos en sacs. 

- Wiking III (constante dielectrique) pour les memes produits. 
c) Cote d'lvoire- Quicktest hygrometer (hygrometre a cheveu) pour 

la mesure directe de l'humidite des cafes et cacaos en sacs. 
-Weston dielectric (constante dielectrique) pour les memes produits. 
6. - Il est difficile d'etablir un classement de qualite entre les divers 

appareils pour plusieurs raisons : prix, emploi limite ou non a des categories 
de produits, maniabilite, precision, rapidite et simplicite des mesures. 
Cependant, a condition d'en surveiller l'etalonnage, il semble que les 
appareils utilisant les methodes elect~ques soient, en general, preferables 
aux autres. 



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. 



MEALIE INDUSTRY CONTROL BOARD, PRETORIA 

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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SITUATION ACTUELLE DE L'ORGANISATION PORTUGAISE 
DE LA DEFENSE PHYTO-SANITAIRE DES PRODUITS El\IMAGASINES 

(1\letropole et Territoires d'Outre-1\ler) 
(Resume) 

par C. M. BAETA NEVES, J.P. CANCELA DA FoNSECA et J.P. P. AMARO 

C'est seulement en 1951 qu'on a commence au Portugal les etudes 
de la defense phyto-sanitaire des produits emmagasines, en se basant sur 
}'organisation anglaise (Pest infestation Laboratory). 

Le premier probU:me etudie a ete le probleme de l'arachide en Guinee 
Portugaise. Suivirent d'autres travaux sur des problemes egalement 
importants, mais principalement sur les produits coloniaux. 

La similitude des problemes de la Metropole et des Territoires 
d'Outre-Mer a permis au Ministere de l'Economie de s'interesser aux 
travaux. De cette facon, ce Ministere subventionne, depuis 1954, le 
laboratoire deja existant. 

Actuellement il existe deux laboratoires travaillant en collaboration 
etroite, sous Ia seule direction du Professeur C. M. Baeta Neves (La 
Brigade d'Etudes de Ia Defense Phyto-sanitaire des Produits d'Outre-Mer, 
Ministere d'Outre-Mer, et le Laboratoire de Ia Defense Phyto-sanitaire 
des Produits Emmagasines du Ministere de l'Economie). 

Dans ces laboratoires on peut distinguer trois sections : 

a) Systematique, Biologie, Ecologie et Emmagasinage. 
b) Moyens de Lotte et biochimie. 
c) Inspection et Fiscalisation. 

Dans ces laboratoires on effectue des travaux de recherche et d'experi­
mentation dans le domaine de Ia Biologie, de l'Ecologie et des Moyens de 
lutte ; des inspections des magasins, des bateaux, etc., et, quelquefois 
aussi, de }'assistance technique. 

On y prepare aussi le personnel de laboratoire et scientifique necessaire. 
Periodiquement des membres du personnel de la Brigade font dans 

les Territoires d'Outre-Mer des voyages d'etudes qui ont pour but d'aider 
. a resoudre ces problemes de la fa~on la plus objective possible. 

De 1951 a 1956 de nombreux travaux ont ete rediges: environ 83 
(rapports, articles et conferences). On a fait des inspections dans des 
entrepots divers, des usines et des bateaux, ce qui a permis de faire un 
inventaire plus ou moins complet de la faune des produits emmagasines. 

On a etudie 26 especes du point de vue systematique, biologique et 
ecologique. 

c 
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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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for clamping down on a rubber gasket. The second manhole opening when 
present, is also sealed by a special clamped cover. The special manhole 
covers are only used for fumigation. After fumigation they are removed 
and replaced by a more simplified type of metal bin cover, each with clamps 
and rubber gaskets attached. The outlet at the bin bottom is sealed by 
removing part of the slide and part of the trunking and bolting in their 
place special metal plates with rubber gaskets. 

Gas distribution at the bottom of each main bin is effected through 
a series of louvres. 

Below the ashcrete filling of the cone in each bin a channel was made 
by folding sheets of corrugated metal and laying them on a concrete slab 
which may or may not, depending on the position of the bin alone, effect 
a floor to the channel, otherwise earth made up the floor. The channels, 
which are i~ the form of a very wide V, link up with the entry pipe in the 
tunnel region at one end and give rise to 4 in. branch pipes which lead 
from this channel vertically into the centre of each of the louvres. The 
original design allowed for a brick/concrete channel with cement slabs top 
and base in the cone region of each bin. In order to save expenses, cor­
rugated was chosen instead as it was considered that the cement filling 
in the cone would render the channel sufficiently gas tight. The filling 
on the cone region is composed of 12% cement and the remainder of sand 
and ash. Again in the original plan a " no fines " filling was supposed to 
be used, but to save expense ashcrete was substituted. 

During experiments pieces of ashcrete were examined and found to 
crumble easily which would indicate that this material could not be regarded 
as gas-tight compound. 

In addition to the entry points in each louvre region there is a standpipe 
at the highest point of the cone. 

Distribution at the bottom of each interspace bin is through five 
hooded standpipes. 

The circular unit consists of a massive trolley carrying a high pressure 
fan rated to deliver 1,000 c.f.m. against a pressure of 2o-in. water gauge. 
It is driven by a 10 h.p. motor. To the inlet side of the fan is connected 
an expansion chamber approximately 5 ft. long and 3 ft. in diameter. 
Methyl bromide is introduced through a coarse nozzle at the inlet end of 
the chamber and a set of louvres is designed to prevent liquid fumigant 
spray entering the fan. The chamber is provided with a gasketed in­
spection plate and a drain-plug. The trolley carries a scale upon which a 
140-lb. cylinder of fumigant can be weighted as well as a small compressor 
for pressurising the fumigant in the cylinder. Connections between the 
fumigant cylinder and the expansion chamber are the same as those 
recommended for use in fumigation under gas proof sheets with the 
exception that the filter is not used although it was supplied with the 
original fumigation equipment. 
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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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Diagram I figured on the previous page gives details of the increase 
in production as judged by the amounts of maize purchased within Northern 
Rhodesia from 1949 up to the present. Favourable weather conditions, 
increased application of fertilizer, and subsidized prices have all contributed 
to the marked increase in production. Nearly all the maize produced is 
white dent though a small proportion of hard yellow maize is also bought. 
This is in contrast to Nyasaland where the maize produced is largely flint 
or semi-flint in type. 

Consumption has risen steadily within the Rhodesias so that it has 
become essential to conserve at least half a million bags of maize as a 
reserve in case of crop failure. To illustrate the extent of the carry-over 
from one season into the next Diagram 3 has been drawn up. 

NO.OFBAGSOFMAIZE 

II X 10
5 

1949 5051 52 53 545556 57 STORAGE SEASONS 
DIAGRAM 2.-Carry-over of bags of maize stocks from one storage season to the next season. 

From Diagram 2 it may be noted that during storage season 1954 the 
carry-over was the largest ever experienced in the history of storage in 
Northern Rhodesia. In fact a considerable quantity of this maize has 
remained in store until 1956, and it is this particular lot of maize that has 
suffered heavy attack by Trogoderma granarium. Some of the 1955 crop 
became infested with Trogoderma granarium, mostly as a result of cross 
infestation. 

Only examination of environmental ~onditio~s, partic~larly within a 
stack of maize, helps to explain why lengthy storage periods are favourable 
to the establishment and increase of Trogoderma granarium infestation. 

Experience has taught us not to regard a stack of maize as being free of 
Trogoderma granarium because we could not find any larvae or adults in 
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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 



I 

l 
I 
I 

l 

STORED FOOD PRODUCTS 47 

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. 
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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. 

ACKNOWLEDGMENTS 

The writer wishes to acknowledge her indebtedness to the Maize 
Control Board of Northern Rhodesia for permission to publish this data 
obtained during entomological investigations carried out on behalf of the 
Board. 

REFERENCES 

HoWE, R. W. I95Z. Entomological problems of food storage in Northern Nigeria. Bull. 
Ent. Res., xliii, pt. I, pp. I I I-I44• 

HoWE, R. W. I95Z. Notes on the Biology of Trogoderma versicolor Creutz. (Col. 
Dermestidae). Ento. Monthly Magazine, lxxxviii, pp. I8z-I84. 

SoLODOVNIKOVA, 0. I9J8. Biology of the Dermestidae Attagenus byturoides Solo. and 
Trogoderma versicolor Creutz. and control of them. Acta, Univ., Asiae med. (viii, 
zoot.) fasc. xU, zo pp (Abstract in I94I, Rev. Appl. Ent. (A), xxix, p. 453.) 



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. 
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Un plan rationnel aurait d'abord · deplace les lots intacts, afin de laisser 
assez de place pour la manutention des lots infestes, mais a l'epoque il 
etait difficile de decider de la meilleure utilisation des wagons disponibles. 

Un autre changement administratif est aussi necessaire, afin d'empecher 
que la presence de Trogoderma constitue un avantage pour les revendeurs 
d'arachides .. Le fait de donner la priorite de transport aux lots infestes 
donne au revendeur une remuneration plus rapide de son capital et libere 
l'espace pour d'autres produits. II y a done interet, pour le detenteur, a 
avoir des arachides infestees, cela surtout parce qu'il ne supporte pas les 
pertes causees par les insectes. II y a done quelque raison pour que soit 
etablie une echelle de remunerations, suivant que !'infestation est forte ou 
Iegere, voire inexistante, et que celles-ci s'accroissent en raison directe du 
temps passe en magasin, par les arachides. 

Une simple differenciation de prix entre les lots infestes et les lots 
intacts constituerait peut-etre une solution au probleme " Trogoderma " 
etant donne que le J;llal provient pour une grande part du stockage des 
arachides pendant une annee par les intermediaires avant d'etre cedees 
aux revendeurs. II ne semble pas indique de declarer cette pratique illegale, 
car, d'une part, elle est assez difficile a detecter et, d'autre part, elle est 
parfaitement raisonnable dans la mesure ou elle n'affecte pas la qualite 
des arachides. Si le prix est etabli en fonction de la qualite, de nombreuses 
pratiques indesirables et inherentes aux methodes actuelles disparaitront 
sans qu'il soit necessaire d'edicter des reglements difficiles a appliquer. 

ltEsmm 
Les methodes utilisees pour proteger des attaques des insectes, les 

arachides nouvellement recoltees, emmagasinees a Kano sont decrites. 
La methode principale utilisee etait Ia pulverisation de D.D.T. en 

suspension aqueuse, soit sur les sacs empites en plein air, soit sur les murs 
des magasins avant la rentree des arachides. Ces pulverisations ont ete 
pratiquees au moyen d'un pulverisateur (de verger) a motion lente. La 
proportion de poudre humidifiable a SO% etait de 360 mg./pied Carre eta 
donne satisfaction. Le H.C.H. sous forme de poudre humidifiable, en 
applications d'environ 12 mg./pied carre s'est avere moins onereux, 
aussi efficace et sans danger. Le traitement a reduit de facon marquee la 
population de Tribolium, mais a eu peu d'effet sur Trogoderma. Les 
pulverisations de solutions huileuses n'ont pas ete beaucoup utilisees, de 
plus elles n'ont pas donne de resultats pleinement satisfaisants. 

Dans la lutte contre Trogoderma, il a ete pratique des fumigations de 
bromure de methyle dans les plus beaux batiments de Kano. Toutefois, 
on a constate que les gaz n'etaient pas retenus de fa~on satisfaisante. Ceci 
a enleve la nocivite au procede du fait que la periode d'aeration requise 
s'est trouvee reduite, mais malgre une.forte dose de bromure de methyle 
(30 lb. pour xso tonnes) on n'a pu obten~r qu'une concentration de l'ordre 

E 
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de. so mg./heure. Ceci a paru a peine suffisant pour une elimination totale 
des larves de " Trogoderma " sous le climat de Kana avec des temperatures 
a peine superieures a 30° c. 

La severite du climat a provoque une deterioration rapide des batiments. 
Toutefois, la reparation immediate des degats les plus importants a permis 
d'obtenir une amelioration marquee, mais temporaire. 

A Kana, il n'est pratiquement pas possible d'obtenir des resultats 
reellement satisfaisants dans les batiments avec des toits en tole a double 
pente. Il est suggere de construire des toits plats en beton, ainsi que des 
fermetures mieux appropriees pour les batiments ou soot effectuees les 
fumigations. 

Les fumigations pratiquees sur place, les piles etant recouvertes de 
baches, ant abouti a un echec, etant donne que les baches n'etaient pas 
etanches au gaz. Par contre, d'ex~ellents resultats ant ete obtenus en 
recouvrant les pyramides de toiles caoutchoutees impermeables au gaz et 
scellees au plastic. 

Apparemment une grande partie de la population de Trogoderma a ete 
eliminee sur une pyramide experimentale de ISO tonnes avec 30 lb. de 
bromure de methyle ainsi que sur une autre pyramide de 7 so tonnes avec 
179 lb. On a ainsi obtenu une plus grande quantite de produits intacts 
que dans les batiments speciaux pour la fumigation et ce, probablement, 
du fait que la quantite d'air retenue sous la toile etait moindre et que les 
pertes de gaz etaient plus reduites. 

Seton toute evidence la perte par le bas, des cendres a la terre, ne 
parait pas importante et le colmatage effectue en pla~ant des sacs d'arachides 
ou des baches routees tout autour du bas de la pyramide a donne de bans 
resultats. Le flottement de la toile, ainsi que les changements soudains de 
temperature, ant amene une bonne circulation et repartition des gaz. 
Les produits les mains propres se trouvaient au milieu des pyramides. 

La fumigation des arachides, sur place, en ayant recours au tentes de 
fabrication speciale parait etre une suggestion pratique. 

Un melange de trois parties de bichlorure d'ethylene et une partie de 
tetrachlorure de carbone pour une solution de 33 gallons destinee a un peu 
mains de 100 tonnes de sorgho entassees, sans etre compressees, dans un 
local de 13.700 ft. OOt donne des resultats heureux contre Jes insectes qui 
s'y trouvaient, y indus Trogoderma et Tribolium. Le meme fumigant, 
employe contre ces memes insectes, mais dans les arachides serieusement 
compressees, n'a donne aucun resuftat. 

Un " Todd Insecticidal Fog applicator " a ete utilise pour produire 
un brouillard dans les magasins trap pleins pour permettre aux operateurs 
ou a leurs appareils d'entrer. Le traitement courant avec un des insecticides 
habituel semble n'avoir eu qu'un Ieger effet sur Trogoderma et n'a donne 
aucun resultat sur Tribolium. Les resultats obtenus avec les insecticides 
a base de phosphore H.E.T.P. et T.E.P.P. (Tetraphosphtate hexaethylique 
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et Pyrophosphate tetraethylique) utilises en brouillards n'ont pas ete bons, 
toutefois H.E.T.P. a ete meilleur ·que T.E.P.P. Les applications de 
brouillards sous les baches recouvrant les pyramides n'ont pas donne 
grand chose mais un tuyau fixe, passant par le milieu de la pyramide, a 
donne des resultats encourageants. Le passage du brouillard sur la 
pyramide est pratiquement seul ; toutefois, on a constate que les depots 
etaient nettement marques sur les pyramides encore humides des pulverisa­
tions precedentes. 

L'utilisation de poudres parait ne pas etre pratique et devrait, de 
toute fa~on, etre reduite aux sacs exterieurs. La silice, le pyrethre et le 
H.C.H. a doses moyennes et le D.D.T. a cJoses exceptionnellement elevees 
ont tous reduit de moitie les degats dans les sacs exterieurs. En presence 
d'une infestation importante, dans un magasin, les traitements se sont 
reveles imitiles. II resulte de tests de laboratoire qu'une terre d'infusoires 
(locale) pourrait servir de poudre inerte. Le pyrethre repandu a l'exterieur 
des sacs n'a pas ete de grande utilite et les sacs impregnes de D.D.T. ont 
ete inefficaces contre Trogoderma. Les pieges et traitements a Ia chaleur 
n'ont pas ete employes. 

De nombreuses methodes locales de manutention des arachides 
tendent a propager Trogoderma mais i1 semble peu probable qu'elles 
puissent etre facilement eliminees . 

... 



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 



STORED FOOD PRODUCTS 

the above, that parboiled paddy is very much more susceptible to insect 
attack than raw paddy. It is uncertain whether this is merely mechanical, 
the husk of the rice grain being opened slightly during parboiling and 
allowing insects to oviposit on the grain within ; or whether it is nutritional, 
being due to changes in composition as a result of the parboiling process. 

As regards the application of I% " Lindex " dust the normal practice 
at the present time, this would seem to be quite inadequate as cross­
infestation of the parboiled paddy was found to occur, by a number of 
species of Coleoptera, from an adjacent stack of native cleaned rice. In 
view of this, experiments will be conducted in the near future to test the 
lasting toxicity of " Lindex " under local conditions and to assess its 
effectiveness when applied in different ways, i.e., just to the outside of a 
stack after building, to each bag, etc., and against different insect species. 

The problem of the storage of parboiled paddy and the consequent 
losses involved will be to a large extent overcome by the erection at both 
rice mills in the near future of a Lewis Grant rice drier. With this equip­
ment it will be possible to dry rice throughout the year ; in other words, 
parboiling can be carried out as required for milling during the dry and wet 
seasons and storage of parboiled paddy other than for very short periods 
should be unnecessary. 

An experimental plywood silo was erected at the Clinetown Rice Mill 
in January I956 and filled with Swamp parboiled paddy in June. Data 
recorded at regular intervals until August indicated no change in the very 
low level of infestation present in the paddy when the silo was filled. 

On the commencement of the second tour of the Scheme in February 
the silo will be opened after being ·undisturbed for six months. If the paddy 
is found to be heavily infested (and this will be an interesting comparison 
with the experiments described above) a trial fumigation will be carried 
out using the Murphy Grain Fumigant No. 2. 

Experiments will then be conducted to study silo storage of parboiled 
milled rice or native cleaned rice. 

RESUME 
I.- Le probleme majeur reside dans }'infestation de paddy etuve 

a demi, de riz nettoye par les indigenes et de riz importe. 11 n'existe pas 
encore d'installation de fumigation des marchandises re~ues aux rizeries. 

2.- Des essais faits pour la comparaison de l'emmagasinage de 
Paddy (riz non-decortique) avant'l'etuvage (paddy oru) et apres l'operation 
ont demontre de fa~on nette que l'etuvage du paddy le rend plus susceptible 
aux attaques des insectes. 
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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. 
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As the maize was carried into the crib one half cigarette tin of dust 
was applied to each lot of five baskets. Care was taken to see that the cobs 
were evenly distributed over the floor, so that each cob was evenly dusted. 

Mter 11 weeks, on 2nd September, 1956, further counts were done 
as it was reported the farmer was selling his maize. Unfortunately two of 
the cribs had been completely emptied and shelled so that only one dusted 
crib was available. 

As a measure of insect attack, the exit holes of Calandra oryzae·were 
counted, and the grain so damaged was expressed as a percentage of the 
total number of grains. In each case the sample is the total number of 
grains from so cobs, selected at random from two points within the crib. 

znd September, 1956 I II III IV v 
D D c c D 

Total grains .. .. .. . . 16,400 14,845 12,972 16,973 15,648 
Undamaged grains .. .. .. 16,275 14,66o 16,823 15,578 12,7J8 
Damaged grains .. .. .. 125 185 150 70 234 
Percentage damage .. .. . . 0'76% 1'5% o·88% 0'45% 1·8o% 

Number of cobs attacked .. .. 
Number of cobs with more than 10 

7 12 13 II 23 

damaged grains .. .. . . 3 3 4 3 II 

21st November, 1956 •• .. .. 
I 

I II III IV v 
Sold Sold 

Total number of grain .. .. 17,783 14,523 14,572 -
Undamaged number of grain .• .. - 17,030 10,250 12,168 -
Damaged number of grain .. .. - 753 4,273 2,413 -
Percentage damage .. .. .. - 4'2% 29'4% 16•6% -
Number of cobs attacked .. .. - 18 41 40 -
Number of cobs with more than 10 
damaged grains .. .. . . - 10 27 224 -

As can be seen the initial apparent infestation at the time of storage 
in all the cribs was less than 2%. After 11 weeks this had risen to only 
4·2% in the treated crib, but to r6·6% and 29·4% in the untreated cribs. 

The increase in the dusted crib' can be explained by the attempted 
emergence of adults from eggs laid in the field. 

In the undusted cribs, however, there is the effect of the breeding of 
another generation of Calandra. 

A sample of the dusted maize, which had been hand-shelled by the 
farmer, has been sent to Colonial Products Laboratory for assessment of 
residues at shelling. 

The most important aspect of this work, however, is that the farmers, 
having seen the effect of the lindane dust against Calandra, are now, in 
the districts where dusting has been demonstrated, buying the dust for 
their own use, under the general supervision of the Department of 
Agriculture. 
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SILO STORAGE 
In July I954 a plywood silo of approximately 8 tons capacity was 

designed and erected at an agricultural station just north of the Ashanti 
maize belt. This silo was used for the storage of station products. At the 
same time a Nu-way in sack-drier was installed and put into use at the 
station. As the use of the drier and subsequent storage in the silo proved 
to be a success, it was decided to experiment with in-sack drying and silo 
storage in the districts where previous extension work on stem borer 
control had proved successful and where, therefore, the farmers con­
fidence had been gained. 

Four more silos were built, and drying platforms were erected in two 
villages. The drying units were mobilised by mounting them on trailer 
chassis. 

B.y the time of the I955 main harvest (August) the equipment was 
ready. At one village there was excellent co-operation amongst the farmers, 
and by the end of September I 6 tons had been dried, treated with lindane 
and stored. At the other village the farmers were supicious of the scheme, 
and also there was rivalry between two groups of farmers ; here the scheme 
did not succeed. 

At the first village use was made of the cocoa co-operative society 
organisation to purchase the maize. The farmers were paid the current 
market price in September of 30s. per 250-lb. bag. It was left to them to 
decide when the maize should be sold. By December the price had risen to 
7os. per bag when they decided to sell, thus making a gross profit of 40s. 
per bag. 

Subsequent analysis of costs has shown that for the quantity of maize 
stored in this experiment, overheads would have been about Ios. per bag. 
Net profit would therefore have been about 30s. per bag. Perhaps the best 
comment on the success of this first attempt came from dealers who were 
quite sure that the farmers must be marketing fresh maize. 

The scheme was so successful that farmers demanded increased 
storage space. During I956 a bitumen-lined, cement block silo of 25 tons 
capacity was erected in this village, making a total of 4I tons capacity. 
One of the original departmental 8-ton silos was removed from the village 
which defaulted in I955 and erected with an imported circular plywood 
silo, of IS tons capacity, in a village about 20 miles from the first. The 
defaulters themselves decided that the new method was after all worth while, 
and became more interested in I956, with the result that the single remaining 
8-ton silo was not nearly sufficient for their needs, but the villagers had to 
make do with bag storage under departmental supervision. Finally, a 
small village sent, on their own initiative, the village head carpenter on a 
road journey of I20 miles to be instructed in the art of silo making. 

The popularity of, and demand for, silos was so great that it was 
obvious that further expansion would require some form of communal or 
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co-operative financing to provide the capital needed for silos, dryers, 
drying platforms, etc. In the Ashanti maize areas, which lie on the fringe 
of the cocoa-growing zone, the co-operative habit was already strong and 
several flourishing cocoa farmers co-operatives existed, several of whose 
members were also maize growers. 

It was thus logical to expand theschemethrough farmers' co-operatives. 
With the ready assistance of the Department of Co-operation, three maize 
farmers' co-operatives are being formed, financed through the central Gold 
Coast Co-operative Marketing Association. These co-ops are purchasing 
for the 1957 main harvest a total of 27 silos, giving a total storage capacity 
of some soo tons, together with driers for each co-operative. 

A similar scheme, but on a smaller scale, is beginning in another maize 
growing area in the Trans-Volta district. Here the co-operatives are not 
strong, but finance is being provided by the regional administration 
working through the local district council. 

There is little doubt that silo storage has come to stay, and further that 
an increasing proportion of the maize crop wiii be so stored, to the benefit 
of both farmers and consumers. The Department of Agriculture's main 
aim now is to provide more durable silos than the present plywood type ; 
both cement-block silos, which apart from the bitumen seal can be built 
from locally available materials, and aluminium silos are being tested to 
this end. 



CURRENT PROBLEMS IN GRAIN STORAGE IN SOUTHERN RHODESIA 

By J. A. WHELLAN 

Chief Entomologist 

Southern Rhodesia is at present experiencing serious difficulty in 
storing and distributing her supplies of stored foods, particularly maize. 
There are two main reasons for this. One of these, the establishment and 
spread of the Khapra beetle, Trogoderma granarium, throughout the country 
since 1954 is likely to be a permanent problem, to which no ready solution 
is yet apparent. The other, the succession of seasons favourable to maize 
growing, resulting in good crops and an increasing surplus of stored maize 
is a temporary problem to deal with which the storage and transport 
resources of the country are at present inadequate. The solution to this, 
apart from the likelihood of some lean years in the future, clearly lies in 
improving these resources and in getting rid of some of the surplus by 
export, as is now being done. 

It will therefore not be discussed further but it must not be forgotten, 
since it has an important bearing on the entomological aspects of the 
difficulties. This arises from the impracticability, because of lack of 
storage space, of keeping new crop maize separate from infested maize, 
and the inability, because of shortage of rolling stock, of the railways to 
ensure that trucks are disinfected before being used for maize transport. 
Largely because of these factors, but also to some extent because of care­
lessness and ignorance, the hygiene of storing food in this country leaves a 
great deal to be desired. 

Many of the insects which commonly infest stored foods in other parts 
of the world are found also in Southern Rhodesia. Until the discovery of 
T. granan"um early in 1955 the rice weevil, Calandra oryzae had been re­
garded as the most destructive of these insects. It is a primary pest of 
grain in Southern Rhodesia and it is also a field pest, a factor which makes 
its control more than usually difficult as, without strict attention to hygiene 
in fields, as well as in buildings, its effective control will be difficult. 
Cockbill has shown (Rhod. Agric. Journ., L, 1953, pp. 294-323) that 
treatment of stacks with B.H.C. or D.D.T. dusts or, more especially, with 
sprays containing D.D.T. wettable powder gave a considerable measure of 
control and greatly reduce losses due to this pest. It is, of course, well known 
that fumigation, either with methyl bromide or other fumigants, properly 
carried out will give complete control of this pest but this is only practicable 
under conditions of large scale storage. The other pests of stored grain in 
Southern Rhodesia were either secondary or of relatively minor importance 
and were regarded as likely to be controlled by the same methods as those 
used in controlling C. oryzae. Thus at the end of 1954 it was possible to 
look to the future with a certain degree of optimism and to anticipate th.at, 
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with refinements in the mode of application of residual insecticides, and 
improvements in the insecticides themselves, losses to grain caused by 
insects would be progressively reduced. Such pleasant hopes were rudely 
shattered in February 1955 by the discovery of the Khapra beetle, Trogo­
derma granarium in numbers in beans stored by the Grain Marketing Board 
at Bulawayo. 

The full significance of this discovery was not immediately realised 
since the infestation appeared to be confined to beans recently imported 
from the Bechuanaland Protectorate. On the advice of this branch the 
beans were fumigated with methyl bromide and the fumigation was 
reported to be successful. For the next few months no further occurrences 
of this insect were reported although the main storage centres were examined 
from time to time. As some of these centres had been carefully examined 
by entomologists in the immediately preceding seasons and no evidence 
of the occurrence of T. granarium had been obtained it was concluded that 
this insect was a recent arrival. Subsequent events have reinforced this 
view. The only feasible alternative apparent to me is that one or more 
unknown small infestations of T. granan"um smouldered undetected in 
some obscure localities and burst out when conditions became favourable 
for them. The only known change which could make conditions more 
suitable is the storage of grain for long periods in large quantities due to 
surpluses being built up. Whether or not this could lead to such an increase 
in T. granarium is not known. 

The next infestation of T. grana·rium was found in a stack of sievings 
at the Aspindale Silo in September 1955. This stack was outside and at 
some little distance from the silo in which T. granarium had not at that 
time become established. Although I favoured the immediate destruction 
by burning of these and other screenings this was not done for financial 
reasons and I therefore advised the fumigation of the screenings with 
methyl bromide before they were sold for manufacture into animal feeding 
stuffs. Under such conditions the subsequent infestation of the other 
buildings at Aspindale was probably inevitable. Shortly afterwards a large 
brick storage shed in which bagged food was stored was found to be infested. 
There is little doubt that this infestation arose from the proximity of the 
infested screenings. 

At this stage the shortcomings of the fumigation system in the silo 
were unknown and it was therefore thought that if incoming new crop 
was placed in the silo, fumigated and kept sealed it would be safe from 
infestation even if part of the silo building became infested. The subsequent 
increase and spread of T. granarium infestation is probably largely due to 
this fumigation failure. Because of this failure it has not been possible to 
store grain free from insect infestation in the silo and, in many bins, it has 
hardly been possible to reduce infestation. Yet, because of lack of alter­
native storage space it has been necessary to continue using the silo. Lack 
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of fumigation sheets has made fumigation of the grain before it went into 
the silo impossible. These sheets were not, of course, considered necessary 
since fumigation in the silo itself would have made them redundant. It 
was not until November 1955, that the fact that something was wrong with 
the fumigation arrangements became apparent. The disturbing discovery 
was then made that some of the bins fumigated less than two months 
previously showed a heavy infestation by Tribolium spp. and Oryzaephilus 
surinamensis while smaller numbers of Calandra oryzae, Tenebroides 
mauritanicos and Ephestia sp. were also found. The following month a 
more extensive examination was made and T. granarium was found in 
several of the bins, and abundantly in one of them. Furthermore living 
insects were found in some of the bins only a few days after they had been 
fumigated. Leaks were then discovered in the structure of some of the 
bins and it was therefore anticipated that if the bins were resurfaced inter­
nally this would cure the trouble. 

This naturally took time to carry out and had only relatively recently 
been completed. Although some of the bins can now be fumigated sa~is­
factorily, others are still not functioning properly and the reasons for this 
are still under investigation. Some sharp lessons have been learned from 
these failures which would need to be avoided in constructing any future 
silos. Perhaps the most important of these is that the whole of the fumi­
gation system should be available for inspection instead of, as in the present 
case, partly built into the structure of the building. Any faults could then 
be detected and repaired instead of, as at present, remaining doubtful. 
Great care should be taken to make all surfaces which are involved in the 
passage of the fumigant as gas-proof as possible. A most valuable refinement, 
present in the Brunswick Dock Silo at Liverpool, is a means whereby 
temperatures at various levels in any of the bins can be read immediately 
on a meter panel. This enables developing infestations to be detected 
instead of, as has happened at Aspindale, coming as a complete surprise 
at a late stage in their development. 

Through 1956 the situation in regard to infestation by T. granarium 
deteriorated steadily. There can be little doubt that our inability to destroy 
it at Aspindale, and perhaps also at Bulawayo, led to infestation of other 
premises, either by transference on railway trucks or in meal or screenings. 
Heavy infestations built up at Bulawayo and Mount Hampden, as well as 
at Aspindale and the insect was found in other grain storage premises at 
Gwelo and Glendale as well. At Bulawayo and Mount Hampden the floor 
space surrounding stacks was carpeted with a layer of T. granarium larvae 
and bags on the outside of the stacks were sometimes bursting which was 
attributable to the activities of the larvae. Inside the stacks moist places 
were developing, due to water translocation, and living larvae could be 
found anywhere in the stacks as these were broken down indicating that 
no heat sterilisation was occurring. By the end of the year some of the 

F 
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grain being received by the Grain Marketing Board was already infested 
on arrival. . 

An interesting feature of the heavy infestations by T. granarium was 
that it seemed, under these conditions, to supplant other grain pests so 
that these became relatively rare. Although no comparative counts were 
made my visual impression was that where a heavy T. granarium infestation 
occurred in bag stacked maize, this insect was far more numerous than I 
had ever seen other grain pests, C. oryzae especially, on the same premises, 
and that furthermore other grain pests, and especially C. oryzae, were 
much less numerous than they had been on the same premises before 
the occurrence of T. granarium there. Severe though the infestations of 
T. granarium have become, they are not so heavy that the idea of food 
supplies becoming limiting can be seriously entertained, and no satisfactory 
explanation of this apparent incompatibility between T. granarium and 
other pests can yet be offered. 

There is, of course, no doubt that fumigation with methyl bromide, 
and doubtless with other fumigants too, would, if properly carried out, be a 
complete answer to infestation by T. granarium and all other stored food 
pests but, due to the circumstances already discussed, facilities for effective 
fumigation are so inadequate, that it has not been possible to make much 
impression on T. granarium by this means. 

It is hoped that, when the present difficulties of application have been 
solved, a perfectly feasible task, that the problem will become much simpler 
and largely be one of control on farms and in smaller, intermediate storage 
premises. Meanwhile, however, the problem of the ever-increasing and 
spreading population of T. granarium remains an exceedingly pressing one, 
probably the most pressing stored grain problem which the Federation 
has ever had to face and, moreover, a problem which cannot be shelved 
until the solution of the fumigation problem. T. granarium as is well known 
has a marked resistance to most contact insecticides. This may be helped 
by the hairiness of the larvae and by the long periods of quiescence which 
the larvae sometimes undergo. Nevertheless if complete control of T. 
granarium by the use of contact insecticides has so far eluded us it is 
possible, by their judicious use, to bring about reductions in its numbers. 
The search for an insecticide, or a combination of insecticides, which can 
be used to control this insect should now be pursued with even greater 
vigour, for, in Mrican territories, fumigation is rarely practicable except 
in the largest granaries. 

Therefore some simpler and cheaper method of control would be of 
inestimable value to both Mrican and European farmer alike. Unfor­
tunately the resources of the Federation do not permit the carrying out of 

·the basic research which is likely to be needed to find such a method. 
Some trials have been carried out here, based on suggestions made by the 
Pest Infestation Laboratory at Slough but these have been entirely of an 
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empirical nature, and their efficacy can be judged only by observation of 
their apparent effectiveness or otherwise, controls not being carried out. 
Following the good control of pests other than T. granarium achieved in 
Southern Rhodesia in tests carried out by Cockbill in I9S2-S3• an attempt 
was made to use a similar technique for the control ofT. granarium in I9S6. 
A complicating factor was that D.D.T., probably the most 'preferred of 
synthetic insecticides for this purpose because of the absence of' danger 
of taint was known not to be effective against T. granarium. Recourse to 
other insecticides was therefore necessary. B.H.C., except as lindane, 
suffered from the objection of taint and therefore could not be applied to 
stakes of grain but only to walls of buildings. Lindane was expensive and 
with other insecticides the toxic hazard was largely unknown. 

In sheds in which grain was stored in bulk we first recommended that 
the walls should be sprayed with a mixture of I lb. of Io% gamma-B.H.C. 
and 3 lb. of so% D.D.T. wettable powder in 4 gallons of water, I gallon 
of this spray to be used for every I ,ooo sq. ft. of surface. This sp,ray was 
repeated at intervals of six weeks. Visual inspection before 'and after 
spraying indicated that the population of T. granarium larvae inhabiting 
the crevices in the brickwork had been considerably reduced. As a further 
measure when stacks were being built each layer was sprinkled with a layer 
of lindane dust, the aim being to put on as little as possible consistent with 
giving a complete cover. It has not been possible to assess how effective 
this dusting was, though it appeared to have been somewhat indifferent so, 
partly because of this and partly because of expense, this measure was 
replaced by a spraying of the stack layer by layer with the D.D.T.-B.H.C. 
mixture which had been used on the walls. This mixture was also sprayed 
on to the outsides of stacks, the situation having become so serious that the 
risk of tainting had to be taken. 

These treatments were not, however, carried out scientifically and it is 
difficult to deduce anything from them because it later became practically 
certain that some of the grain was already infested with T. granarium at the 
time the stack was being built. Preliminary trails with malathion sprayed 
on to concentrations of larvae on floors showed that it gave a much better 
kill than lindane dust. Accordingly the spray to be used on walls was 
changed to! lb. so% D.D.T. and! lb. 2S% malathion wettable powders in 
I gallon of water per I ,ooo sq. ft. Again trial stakes of bags were built 
which were treated layer by layer with this spray in' addition to being 
sprayed on the outsides. These were then fumigated with methyl bromide 
under a sheet. Samples are being extracted at intervals for toxicity tests at 
Slough but the results of these tests are not yet available. I understand, 
however, that under similar conditions in Canada tests indicate that such 
treatment should be safe. The stacks have been in existence for over three 
months now and there has been no detectable reinfestation by any insects. 
There are thus good grounds for hoping that the discovery of an effective 
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and safe insecticidal treatment for bagged grain and for the walls of grain 
stores will not be long delayed. It is, however, equally likely that such 
treatment will be effective only in addition to fumigation, either with methyl 
bromide or some other fumigant, and can hardly be expected to supplant 
it. This is because in Southern Rhodesia conditions of hygiene on the farm 
and during transit leave so much to be desired that no reliance can be 
placed on the arrival of grain or other commodities at the main stores free 
from infestation. 

APPENDIX 

LIST OF PESTS OF STORED FOOD OCCURRING IN SOUTHERN 
RHODESIA 

HOST 
Grain and meal •. 

Deans and Peas •• 

Ground-nut Cake 

PEST 
Calandra ory::ae L. 
Rhi::opertha dominica F. 
Tribolium castanl'um Hbst. 
T. confusum du V. 
Ory::aephilus surinamemis L. 
Tenebroides mauritanious L. 
Latheticus ory::ae \Vat. 
Laemophloeus minutus 01. 
Trogoderma granarium Everts. 
Stegobium paniceum L. 
Ephesia kuelmiella Zell. 
Ephestia cautella Wlk. 
Plodia interpunctella Hbn. 
Sitotroga cerealella Oliv. 
Callosobruchus chinemis L. 
Bruchus quadrimaculatm F. 
B. obtectus (Say.) 
C. rhodesianus Pic. 
Plodia interpunctella Hbn. 



THE FUMIGATION OF RAll.WAY GRAIN ELEVATORS FOR 
MAIZE INSECTS 

By BERNARD SMIT, D.SC. 

Assistant Chief, Division of Entomology 

C. NoLTE, M.sc. 
Mealie Industry Control Board 

F. BRUNNEKREEFT 

Entomologist, Division of Entomology 

The Railway grain Elevator System of South Africa was built in 
1928 and has not been materially changed or added to since that time. It 
consists of 32 country elevators with an average capacity of about 5o,ooo 
bags each and two port elevators, one at Cape Town and one at Durban, 
each with capacity of 35o,ooo bags. 

These elevators were well built and equipped with good machinery 
but they were built mainly for the export of grain and not for storage and 
there was no provision made for insect control except by the unusual 
turning and mechanical cleaning of the grain. 

In recent years in South Africa the production of maize has greatly 
increased. This is partly due to a series of good seasons but is also due to 
better methods of farming. The tractor has largely replaced the ox for 
ploughing and farming has become more mechanical in many ways. The 
control measures for such pests as the Army Worm, the Maize Stalk 
Borer, the Cutworm and the Black Maize Beetle have been greatly improved 
and no doubt the use of better varieties and hybrid maize has contributed 
to increase the crop. When the elevators were built the average crop was 
17 million bags while in recent years it has risen to 27 million bags. In 
1953, however, it reached a record of 40 million and in 1955 it was 36 
million. 

On the other hand the export of maize has been difficult owing to 
shortage of railway trucks and overseas marketing conditions so that the 
tendency is to use the elevators for storage rather than rapid transfer of 
maize. Never in the history of the country, has there been so much grain 
in storage both in the elevators and in all kinds of other storage structures. 
As a result of these conditions the insect problem has increased and never 
before has there been so large an infestation of weevils and grain beetles in 
South Mrica. 

The infestation has brought with it a great problem of dust and broken 
grain in the elevators and the loss of grain through insect attack has 
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increased alarmingly. For this reason it was decided to attempt the fumigation 
of the elevators with Methyl Bromide and Phostoxin (Phosphine) although 
they were not equipped for such treatment and the work would have to be 
done under very difficult and dangerous conditions. 

DESCRIPTION OF COUNTRY ELEVATOR 
Fortunately, the elevator at Heilbron in the Organe Free State had 

just been equipped with a dust extraction plant. There were air pipes 
fitted along the belt tunnels and into the deep central wall or sump which 
made the extraction of any lethal gas entirely possible. 

The elevator consists essentially of 12 round bins each go ft. high and 
18ft. 3 in. in diameter with five" star" bins between these. Below these is 
the main belt tunnel into which these bins empty with shoots to direct the 
flow of grain on to the belts. 

Besides the main belt tunnel there are two side tunnels all emptying 
into a central wall or pit which is 15 ft. 4 in. deep. There is virtu·ally no 
ventilation in these tunnels or the pit, apart from the new exhaust system. 
The slide valves at the bottom of the bins are well made and can be opened 
from the floor above but they were not made for fumigation and are by 
no means gastight. At the top of the bins there is a concrete floor on which 
the upper belts and trippers run but this extends only about a quarter of 
the way over the bins, the rest is covered with a corrugated iron 
roof. 

The bins are therefore not at all gastight at the top and the wind blows 
in under the roof so that while filling a bin on the windward side a big cloud 
of dust comes up out of the manhole. 

The manholes for filling the bins and for inspection are situated against 
the inside wall in the concrete floor and the valves for emptying the bins 
are also on the inside vertically 94 ft. below the manholes. 

The bottoms of the bins are funnel shaped and slope about six feet 
down towards the outlet valves. 

At Heilbron there are two complete elevator units each with a separate 
electric motor and each with a short leg and a long leg elevator, the latter 

. running to the top of the structure. Each has a large hopper, a cleaner, 
a second hopper, a Scale and a Garner and can handle the grain at the 
rate of about 750 bags per hour. 

The cleaner has a big fan for drawing out dust and light tailings 
indepedently of the new fan recently installed for general dust extraction. 
On tracing the flow of the grain through this machinery it was found that 
there are several " dead ends " or ... back waters " where grain and dust 
collects and where weevils can breed undisturbed. There is a short, unused 
spout above the first big hopper that is sealed off and contains about a 
bucket full of grain and another similar pocket above the cleaner. On the 
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side walls and roof of the two big hoppers there is an accumulation of web 
and dust where insects can breed freely. Also in the bottoms or sumps 
of each elevator leg there is about three-quarters of a bag of grain which 
cannot be drawn out by the buckets. These details are mentioned because 
they have a direct bearing on the results of the experiments to be described 
below. 

Bin No. I had been emptied for the Methyl Bromide Test. 
The problem in fumigating such a large volume of bulk grain is to 

get the fumigant evenly distributed throughout the mass. In this case about 
soo tons of maize with a volume of about 23,000 cu. ft. were to be treated 
in each bin and according to the literature, Methyl Bromide will not pene­
trate grain from the top for more than about 30 ft. Experiments carried 
out by Burns-Brown showed that if the material is let down in pipes 
placed centrally to various depths, the gas would flow down through the 

, .• -· centre of the mass and not reach the grain at the sides of the bin. 
It was therefore decided to use compressed air to evaporate the 

Methyl Bromide in a large pressure cylinder and at the same time to force 
this mixture of air and gas through the grain. The mixture of air and gas 
was introduced at different levels through long l-in. pipes as was done by 
Burns-Brown. In order to test the results of this method, it was decided 
to place small bags of heavily infested grain containing definite numbers 
of test insects at different levels and positions in the mass. 

Two l-in. steel pipes were hung down in the centre of the bin, one 
being 6o ft. long and the other 30 ft. long. 

The lower ends of these pipes were closed by brazing a can over them 
and rows of l-in. holes were drilled into them through their sides near the 
bottom. The bin was then filled with flat white maize in stages, the test 
bags being placed in the maize by hand at different levels as the bin 
was filled. At each level a bag was placed in the centre and four 
bags at the points of the compass near the wall of the bin. The bags were 
all numbered and their positions noted. In addition to 30 bags with counted 
insects it was decided at the last minute to put in some extra bags at the 
top. of the bin. These were filled from a sack of tailings that was found at 
the elevator. These tailings were swarming with all kinds of grain insects 
in a very lively condition. 

Bin No. I was filled from Bin No. 7 which contained Grade 5 maize 
from 1954 crop. There were only 450 tons of this maize so another 50 tons 
(480 bags) of the same grade had to be obtained from a nearby co-operative 
to fill Bin No. 1 up to the top. The elevator maize had been turned and 
cleaned many times but there was still a lot of dust, broken grain and weevils 
in it. The co-operative maize was more heavily infested with insects than 
the elevator maize. 

While filling the bin the maize heaps up at the one side so that the top 
of the heap is about 6 ft. higher than the grain surface against the outside 
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wall. The maize then flows outwards and has a tendency to push the pipes 
sideways away from the centre. It was therefore necessary to send a man 

· down into the bin and set the pipes in place after the grain had risen a few 
feet above their ends. When the bin was nearly full the top of the grain was 
levelled off so that its surface came about a foot below the lowest edge of 
the bin which is on the outside away from the manhole. 

At the top of the grain the Methyl Bromide gas was distributed through 
branching polythene piping under a plastic sheet; !-in. bore tubing was used, 
the main lead running to the centre of the bin. 

There it divided into four ro-ft. lengths and these again were divided 
at their ends into two 4-ft. parts. There were thus eight outlets and these 
were carefully placed at equal distances around the bin about 3 ft. from the 
walls and about 4 in. below the grain surface. 

The next step was to seal up the grain valve at the bottom of the bin. 
This was done with sticky masking tape but it was impossible to make the 
valve really gastight. A special plastic sheet was then sealed over the top 
of the grain. This was done by first brushing the wall of the bin all round 
with a steel brush about 6 in. above the grain and then sticking the edge 
of the sheet to the wall with a 4-in. band of" Plyobond Adhesive". The 
sheet was slit and rejoined with adhesive masking tape around the pipes 
in the centre and around the polythene pipe at the side. It was fastened 
around the pipe in the centre about 3 ft. above the grain thus forming a 
small tent. As subsequent tests with compressed air and Methyl Bromide 
gas showed, this seal was quite gas tight and the Plyobond held remarkably 
well even under considerable pressure. The air compressor was a large 
Climax, six-cylinder model, as used by the railways on construction work to 
run jack hammers and rock drills. Its working pressure was roo lb. per 
sq. in. but its capacity was far too large and we only used a portion of its 
power. The air was piped up to the top of the elevator where we had a 
control valve and pressure gauge on a large air receiver or pressure 
tank. 

This pressure tank or cylinder was about 5 ft. high and z ft. in diameter 
and had a capacity of 10 cu. ft. It had been tested to take 6oo lb. pressure 
and was made of !-in. steel. At the top it was fitted with a !-in. steel cap 
with three openings ; one connected to the compressed air supply with a 
f-in. pipe running down to the bottom of the cylinder, inside it, one !-in. 
inlet for the Methyl Bromide and one !-in. outlet from the top of the 
cylinder to the pipes going down into the elevator bin ; that is into the 
grain. This outlet was also fitted with a tap and connections which could 
be coupled to either the two steel pipes or to the polythene tubing as 
required. Great care was taken to get all connections gastight and then a 
series of tests was carried out with compressed air alone before letting in 
the Methyl Bromide. It was found that So lb. pressure was more than 
enough for the 6o-ft. pipe We did not have an air flow meter and could 
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only estimate the volume of air used by the opening of the tap and the 
effect it haa in raising the plastic sheet on the top of the grain. At So lb. 
pressure and one full tum open, the air rushed in so that after half a 
minute the sheet on the surface of the maize began to lift slightly. When 
the air was turned off no further movement of the sheet occurred until 
the tap was opened again when it bellowed out slightly around the pipes 
in the centre. It was concluded that we were getting a good circulation of 
air through the grain but that half a tum of the tap was quite enough. We 
then tried the 30 ft. pipe and finally the surface tubing with much the same 
results. Each time the sheet blew up slightly and then very slowly settled 
down again showing that it was practically gastight but that in the bin 
generally there was a certain amount of leakage as would be expected. 

It was decided to put in the Methyl Bromide in small measured 
(weighed) doses starting with xo lb. The Methyl Bromide cylinder was 
placed on a platform scale and connected to the pressure tank by a length of 
plastic tubing so that the liquid under its own pressure would run over 
into the tank. This was done by connecting the !-in. inlet on the pressure 
tank to the red Methyl Bromide valve which has a tube running down 
to the bottom inside the Methyl Bromide cylinder. The weight of the 
full Methyl Bromide cylinder was 229! lb. and the gas pressure in this 
cylinder was 35 lb. per sq. in. 

The air temperature was 25'5° C. and the altitude at Heilbron is 
5,xSo ft. above sea level. The grain temperature 12 in. below the surface 
was 22·5° C. The pressure tank was connected to the 6o-ft. pipe into the 
grain and the valve on this pipe was fully opened. With gas masks on and a 
Tilly leak-detector lamp burning, the Methyl Bromide was opened at 
2.22 p.m. on Friday, uth November, and 10 lb. of the liquid was run into 
the tank in 4 minutes. The Methyl Bromide was then shut off and the 
compressed air at So lb. pressure was opened one full tum for ! a minute. 
The sheet on top of the bin lifted very slightly. Another dose of 25 lb. of 
Methyl Bromide liquid was then run into the pressure cylinder. This 
took 7 minutes to run in. The pipe into the grain was kept open to avoid 
condensation of the gas under pressure. 

The compressed air was opened again one full tum for I minute. 
This lifted the sheet about 6 in. off the grain near the wall of the bin. We 
then closed the inlet valve to the grain and opened the air valve until there 
was 35 lb. pressure in the pressure cylinder. We then closed the air valve 
and opened the inlet valve a quarter of a tum. The idea was to " wash " 
the Methyl Bromide through by alternately compressing it and letting it 
expand. The process was repeated several times but it was not a success as 
the Methyl Bromide became very cold in the cylinder and would not 
evaporate as quickly as was expected. 

The air valve was then opened a quarter of a tum with the inlet to the 
bin fully open. The air could be heard bubbling through the liquid at the 



88 STORED FOOD PRODUCTS 

bottom of the cylinder which became very cold and soon began to ice over 
on the outside. After 8 minutes the bottom of the cylinder was white 
with ice. The sheet was lifting slowly all over its surface but there was no 
sign of gas leakage as tested with the Tilly lamp either around the cylinder 
or in the top of the bin below the manhole. After 20 minutes the bottom 
of the cylinder was so cold that the ice stuck to one's fingers. Mter 35 
minutes the air was turned off. By this time the sheet had been lifted off 
the grain and blown up around the pipes in the centre to such an extent 
that we were afraid it would tear off the inside of the bin wall if we continued. 
There was no gas above the sheet in the elevator bin. The ice on the cylinder 
showed that there was still Methyl Bromide liquid unevaporated inside it. 
The compressed air was merely warm to the touch and had very little 
effect in evaporating the Methyl Bromide. Ten minutes after turning off 
the compressed air, the cylinder began to warm up and the ice began to 
melt. We then left the cylinder with its inlet into the 6o ft. pipe open for 
an hour and a quarter, till 5 p.m. when we turned on the compressed air 
again for IS minutes to blow out any Methyl Bromide that might still be 
in the cylinder. It seemed as if there was still liquid present in the cylinder 
which was still very cold at the extreme bottom. 

It was, therefore, decided to apply heat in addition to the compressed 
air and at 5·I5 p.m. the cylinder was placed in a large water bath made from 
an old oil drum. Ten gallons of hot water were poured into the drum and 
two large blow torches were played against its sides so that very soon 
the \'Vater in the drum around the bottom of the cylinder was at boiling 
point. 

At 5.40 p.m. the cylinder was disconnected from the 6o ft. pipe and 
it was found that all the Methyl Bromide had gone into the bin. Only in 
the pipe itself was they any trace of gas. Down below, in the wall of the 
elevator and in the main tunnel there was a strong concentration of Methyl 
Bromide gas and it was dangerous to go into them even with a gas mask. 
The ventilation system had not been running while we were applying the 
gas at the top. It was evident that the grain valve at the bottom of the bin 
was leaking badly and that we had been blowing Methyl Bromide right down 
through the maize into the tunnel below. 

The 30-ft. pipe was then connected to the pressure cylinder and with 
this inlet wide open to the bin, another 30 lb. of Methyl Bromide was run 
into the cylinder. While running this dose in, the pressure on the Methyl 
Bromide cylinder was I 5 lb. but there was no appreciable pressure in the 
pressure cylinder itself. The pressure cylinder was now quite hot because 
the water in the water bath was boiling near the blow lamps. With the 
cylinder hot but open to the grain through the 30 ft. pipe, it took 6 minutes 
to run in the 30 lb. of liquid Methyl Bromide. 

The inlet valve to the bin was first closed to let the pressure of the 
Methyl Bromide vapour in the warm cylinder build up to about 40 lb. 
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before opening the valve again. When the valve was opened we could hear the 
Methyl Bromide gas going in with a rush. After three-quarters of a minute 
<:ompressed air valve was opened half a tum for x minute to distribute 
the gas and the sheet was seen to rise again slowly. At 6.5 p.m. the inlet 
pipe was cold as the Methyl Bromide went in but at 6.15 p.m. it was 
warming up and apparently all the liquid had evaporated. We opened the 
compressed air again half a tum for 20 seconds to blow out all trace of this 
gas and then disconnected the pipe. There was only a slight trace of 
Methyl Bromide in the pipes. The pressure cylinder was finally connected 
to the plastic tube leading to the surface of the grain and another 30 lb. 
of Methyl Bromide liquid was let into it. The cylinder was too hot to 
touch and it took xo minutes to run the liquid in. The inlet to the grain 
bin was left full open but in this case no compressed air was applied because 
the plastic tubing had eight outlets and it was expected to get a good 
distribution over the surface of the grain with these. The gas started to 
flow into the grain at 6.30 p.m. 

There was no movement of the sheet this time. At 7.30 p.m. the 
blow lamps were removed from the water bath but the cylinder was left 
open to the bin for a little longer to make sure that all the Methyl Bromide 
had gone in. There was no trace of gas above the plastic sheet and by 9 p.m 
the sheet had settled down on to the surface of the grain again in its normal 
position. When the application of Methyl Bromide was started there was a 
high wind blowing against Bin No. x from the north-west and this con­
tinued until about 5.30 p.m. The evening was very clam. At 9 p.m. an 
investigation of the basement of the elevator showed that the ventilation 
system was working well but that the.grain valve at the bottom of Bin No. I 

was leaking badly. An attempt was made to plug it with "Everseal" 
paste but this was not possible with the facilities available and while wearing 
a gas mask. 

On the morning following the application of the gas, the valve was 
still leaking badly and the well and tunnels were dangerous because the 
ventilation fan had not been running during the night. The Tilly lamps 
showed bright blue when held under the valve and bright green in the well. 
When the ventilation fan was started we could trace the surface of the gas 
as it went down in the well like a liquid running out of a swimming 
bath. 

It was decided to give the bin an exposure of 72 hours so the elevator 
was closed and locked until the morning of the 14th. On the 12th and 13th 
there was a heat wave at Heilbron and the air temperature went up to over 
Boo F. The weather then turned cold and on the 14th we had a cool wind 
from the south-east with clouds which later brought rain. Before starting 
to empty the bin at 4 p.m. on the 14th November the well and tunnels 
were found to contain about as strong a concentration of Methyl Bromide 
as they had before running the fan on the 12th and the valve was still 
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leaking to about the same extent. At the top of the bin there was no trace 
of either Methyl Bromide either above or under the plastic sheet. The sheet 
was stripped off and removed and the pipes were pulled up out of the grain 
with a block and tackle. 

It took a tremendous pull, using two natives to start the 6oft. pipe; 
but once it moved it came up fairly easily. When all was clear the grain 
valve was opened at the bottom of the bin at 4.10 p.m. At first there was 
a good deal of Methyl Bromide that came out with the grain but the exhaust 
system soon removed this and then the gas could only be detected at the 
surface of the grain as it flowed away on the belt. After 10 minutes the 
first test bag was recovered on the belt but it was found that the 
grain moved too fast for us to catch the bags in this way. It was, there­
fore, decided to recover them on the sieves of the cleaning machine. The 
second bag came through at 4·35 p.m. At 5 p.m. there was no sign of gas 
around the valve but it still showed strongly on the surface of the grain as it 
flowed on to the conveyor belt. The gas did not show at all in the cleaning 
machine. 

We found to our great relief that the test bags came through the shoots 
and short leg of the elevator on to the sieves without being injured in any 
way. Their arrival was timed and all were recovered except one which was 
later found on the sloping floor of the empty bin. 

As soon as the cleaning machine began to function we collected samples 
from the tailing outlets and we found to our consternation that there 
were large quantities of live weevils in these tailings, particularly in fine 
material. 

It was then discovered that the cleaning unit being used had been 
standing idle for two weeks and that these live insects were coming from 
the " dead ends " and the sump of the elevator leg described above. After 
a short time these live insects ceased to appear. The test bags continued 
to come through at irregular intervals, sometimes two or three at a time 
and then for long periods not any at all. Their movements demon­
strated in a most interesting way the peculiar flow of the grain in such an 
elevator bin while it is being emptied and this is described in more detail 
below. 

In addition to the test bags, samples of the three grades of tailings 
were collected at intervals and counts were made in these. 

The test bags were numbered from 1-40. Each contained 30 grams of 
yellow mealies infested with larvae of Calandra oryzae, 20 grams of mealie 
meal and 100 grams of maize screenings. 

300 adult C. oryzae and so adult Tribolium castaneum were put into 
each of the first 30 bags, and into each of the bags from 31-40, were put 
100 live adults of C. oryzae and 25 live T. castanewn. The object of mixing 
the mealie meal with the whole grain in the bags was to test the penetrating 
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power of the Methyl Bromide into the kernels and the meal and also to 
provide the Tribolium adults with plenty of food. 

Nine bags, similar to the first 40, were kept as controls. Of these, six 
were kept in a cardboard carton at the top of the elevator away from 
insecticides, and three were passed through an elevator Bin No. 7 which 
was being emptied to see if the mechanical turning would affect the insects. 
The maize from this bin was the maize being turned into the experimental 
Bin No. I. Bin No.7 was about half full and therefore had about so ft. 
of maize in it. We watched the maize from above through the manhole 
with a pair of field glasses and a light on a long flex, as it flowed out of the 
bin. 

The vortex in this case was near the centre but a little to one side. 
The grain sloped down to the vortex and moved into it intermittently. 

Control bags Nos. 19 and 35 were thrown into this vortex and bag No. 
25 was thrown on to the maize surface just against the wall of the bin under 
the manhole. The first two bags came through on to the sieves of the 
cleaning machine after 25 minutes and the third bag 7 minutes later. 
These bags were not harmed in any way and the insects in them were all 
alive. The test bags were made of unbleached calico woven tightly with 
26 threads to the square centimetre. The top of each bag was wrapped 
round it's contents and then tied with string to make a small parcel but in such 
a way that at least one side had only one thickness of material between the 
enclosed insects and the outside. 

In addition to Calandra and Tribolium, bags Nos. 7 and 8 each con­
tained ten larvae of Trogoderma granarius. These were in a dense mass of 
mealie screenings in a 7 X 2 em. specimen vial which had a cover fitted with 
fine wire gauge. 

In addition there were 20 test bags marked A to U filled with the 
screenings mentioned above·that were found at the elevator. The screenings 
contained wheat and were heavily infested with various species of insects. 
These bags were prepared on the spot and no count was made of their 
contents before they were tied up, and put into the bin. 

As explained above, the test bags 1-40 were placed in the grain as 
the bin was filled in stages. The lettered bags A to U which contained 
the wheat tailings were thrown in with the grain while the last 5 ft. of the 
bin was being filled. Bags A, B, C, D, E and F were thrown in a circle 
against the wall while bags G, H, I, J, K and L were thrown at the same 
level but about 4! ft. from the wall. Bags M, N, 0, P, Q and R were put 
4ft. below the grain surface against the wall all round, while bags S, T 
and U were used as controls. The control bags that were not treated 
with Methyl Bromide were therefore as follows: 6, 7 and 13, kept in a 
paper carton; 19, 25 and 35, put through the turning machinery; and S, 
T and U, kept in a paper carton. 

In addition to these sample bags, samples of tailings from the cleaning 
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machine were collected at regular intervals as the bin was emptied. The 
cleaning machine divides the tailings into three parts, namely, course 
sievings, fine sievings and the fine dust and " Beeswing " blown out of the 
cleaning fan. 

The Emptying of the Bin 

It is assumed that the appearance of the test bags at the cleaning 
machine coincided in a general way with the flow of the bulk grain in which 
they were embedded and therefore reflected the position of the samples 
of sievings in the bin while they were exposed to the Methyl Bromide gas. 

The first grain to flow out was no doubt that just above the valve 
which also brought with it much of the old grain in the machinery as 
described above. 

The first test bags to come through were Nos. g, IS, 2I, 3I and 37 
in that order, being those placed directly below the manhole and above 
the outlet valve. No. 9 was 25 ft., No. IS was 36 ft., No. 2I was 50 ft., 
No. 3I was 58 ft. and No. 37 was 66ft. above the valve and they came out 
at intervals proportional in order to their distance from it. 

These records indicate that the grain moved down successively from 
points 56, 45 and 23 ft. below the manhole in quick succession until about 
one-third of the bin was emptied. This occurred during the first two hours 
after the bin was opened. 

Seeing that the Methyl Bromide was well distributed from eight 
outlets as a warm gas, at the top of the bin only a few inches below the 
plastic cover, it is remarkable that the insects were not killed there. 
Apparently the gas sank through the grain too quickly and did not remain 
long enough at a sufficiently high concentration to be effective. 

SMIPLES OF SCREENINGS FROM THE CLEANING !\lACHINE 

The coarse and fine screenings were taken together and the per­
centage kill of Calandra and Tribolium in these was noted as follows : 

Samples I and I in. were taken at the same time as bags 9 and I 5 
came from the cleaning machine. These samples came from between 
the so and 39 ft. levels on the east side of the bin directly above the outlet 
valve. They contained 89% of dead Calandra and 98% of dead Tribolium. 

As explained above the live insects may have come from the elevator 
machinery which had been standing unused for several weeks. 

Screening samples 2 and 2 in. came from an area directly above the 
outlet valve and from a height of from I7 to 26ft. below the grain surface. 
Virtually all insects in this sample were killed. 

Samples 3 and 3 in. came from the space about I4 ft. below the top 
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of the grain and in these bags 86% of the Calandra and 91% of the Tribolimn 
were dead. 

Samples 4 and 4 in. came from the 6 ft. 5 in. level and in these 91% 
of Calandra and 89% of Tribolium were killed. 

The fifth bag of screenings came from above the 26 ft. level and showed 
a percentage kill of 87% Calandra and 53% of Tribolium. 

Mter this the sample bags and screenings seemed to come out of the 
bin in a more uniform way and the sixth lot came from the space between 
26 and 39 ft. from the top. In these practically all the Calandra were dead 
and 53% of the Tribolium. 

No. 7 samples came from the so ft. level and contained 70% of dead 
Calandra and 46% of dead Tribolium. 

The eighth and last sample came right from the bottom of the bin 
and had 98% of dead Calandra and 55% of Tribolium in it. 

On the whole these counts of dead insects in the screenings correspond 
fairly well with those of the insects in the sample bags. 

The counts in these samples of screenings indicate that there were 
more insects in the upper half of the bin than in the lower half, the lower 
quarter of the bin containing only about 5% of the number found in the 
top part, and that the elevator machinery contained a heavy infestation 
before the bin was opened for emptying. 

About three hours after the opening of the bin the maize was apparently 
moving straight down from the top as shown by the appearance of bags 
39, 40 and A. Mter this at about three and a quarter hours, the regular 
outflow of bags ceased and apparently a tremendous turbulence in the bulk 
maize developed whereby the bags were whirled around the bin. 

There seemed to be, as it were, a funnel of maize moving down from 
a height of 4 to 23 ft. below the manhole. Soon, however, at about three 
and a half hours after the start, the bags began to appear again at regular 
intervals and in the order at which one would expect them according to 
their positions in the bin. The turbulence seemed to have died down. 

From then on, and particularly as the bin was almost empty, the order 
of appearance of the bags was exactly as they were placed in the bin itself. 

We see, therefore, that there were three phases during the emptying 
of this bin and that the depth of the maize had a great influence on these 
phases. 

First there was a direct flow from the top to the valve at the bottom. 
Then there was a turning action when about one-third of the bin was 
emptied and finally the grain flowed out evenly after about half the grain 
had run out. 

Eight samples of fine and eight samples of coarse sievings were 
collected simultaneously with the sample bags as the bin was emptied. 
The sampling was done by hand from full bags of screenings so as to take 
representative samples. 
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By comparing the time of appearance of the sample bags and the 
taking of these samples of sievings, a fair idea of their positions in the bin 
can be obtained. These positions correspond as shown in the following 
Table. 

Relative Positions of Sample Bags and Screening Samples in Bin 

Screening Samples 
Sample bag numbers Positions 

Fine Coarse 

in. in. 
9 and IS .. .. I I so and 39 ft. levels E. Directly above 

outlet valve. 
3I, 34, 21, 20 and 2 .. 2 2 26 and I7 ft. levels E and centre above 

outlet valve. 
26, 12, 32 and 37 .. 3 3 From various levels and positions 

below IO ft. 
39 and 40 .. .. 4 4 At 6 ft. s in. level \V and centre. 
38, 36, 33 and 22 .. s s Between 26 and 7 ft. 6 in. levels W 

and S.W. 
24, 23, I4, x6, I7 and IS 6 6 Between 39 and 26 ft. All positions. 
8, IO and II .. .. 7 7 so ft. level N.S. and W. 
I, 3, 4 and S .. .. 8 8 73 ft. level all positions. 

RESULTS 
The numbers of dead and live insects in the sample bags and in the 

samples of screenings are given in the Table. From the counts of insects 
in the sample bags there are some interesting conclusions that can be 
drawn as follows : 

The Methyl Bromide must have been distributed to some extent 
throughout the whole bulk of the maize and evidently diffused from the 
centre to the wall of the bin at all levels. All insects in the sample bags 
below a point so ft. from the grain surface were killed. Even the larvae 
of Trogoderma granarius which were in fine grain-dust inside glass tubes 
with narrow openings and these again in a sample bag of sweepings were 
killed. 

Calandra oryzae appears to be more susceptible to Methyl Bromide 
gas than Tribolium castaneum under the conditions of the experiment. 
Wherever all the T. castaneum were killed the C. oryzae were also killed 
but the reverse was not always the case. 

Above the so ft. level and near the vertical line running between the 
manhole ana the bottom valve, there was a low mortality as shown by 
comparison between bags No. IS and control bag No. I9; Nos. 2I and 3I 
and control bag No. 2S and No. 37, and control bag No. 3S· 

It is strange that in bag IS at the 39 ft. level from the top a higher 
percentage of Tribolium was killed than Calandra. On the other hand there 
was very little mortality in_ bag I6. Thus apart from the movement of the 
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Methyl Bromide gas in a downward direction there may have been leakage 
in the bin wall. It is also known that the gas sometimes distributes itself 
unevenly and these factors may therefore have accounted for such 
discrepancies. .. 

On the other hand, bag 20 on the north east at the 26 ft. level gave a 
100% kill of C. oryzae and a low kill of Tribolium. Bag 21 had about so% 
dead insects of both species and in bags 22, 23 and 24 on this level there 
were no live insects. 

At the 17ft. level bag No. 31 on the east side directly above the valve 
again gave the poorest kill while bag No. 34 in the centre had almost all the 
Calandra dead but all the Tribolium alive. The other bags Nos. 26, 32 
and 33 showed the best results on this level having all Calandra dead. 

As far as the test bags A to R is concerned which were buried in the 
top S ft. of the grain, there was no significant difference between die 
mortality in these and in the control bags kept in a paper carton. 

From a study of these results, it appears as if there was a funnel­
shaped space with its lower point against the eastern wall of the bin and 
at a level of so ft. from the top, in which the Methyl Bromide gas sank 
down too fast to kill the insects. Below and outside this space the gas 
apparently remained long enough and at a sufficient concentration to give 
a high mortality. 

Above the 17 ft. level in bag 40 there was no killing of either species 
while in Nos. 38 and 39 all the Calandra were killed but no Tribolium. 

It appears therefore that bag 40 was at the upper edge of the cone­
shaped space where the dosage was below the lethal limit. There was no· 
significant mortality in any of the bags above the 6 ft. s in. level. 

CONCLUSIONS 

In considering the whole attempt to fumigate this vertical silo bin we 
conclude that the Methyl Bromide gas and air mixture must have diffused 
throughout the bin in all directions and reached the walls on all sides. 
Apparently the heavy gas sank through the grain too quickly after application 
to give a satisfactory kill of the insects at the top of the bin and in a cone­
shaped space below the manhole. In other words the concentration of 
Methyl Bromide did not remain high enough for a long enough period in 
this space to give a satisfactory kill. It is estimated that at least one-third, 
or about 30 lb. of Methyl Bromide was wasted in this space. This was 
probably due to leakage at the outlet valve at the bottom of the bin and 
to leakage through the bin walls aided by the strong wind mentioned 
above. 

On the other hand the results in the lower two-thirds of the bin were 
satisfactory. 

The results show better in the sample bags, which were carefully 
G 
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placed in the grain, than in the bulk grain taken out at intervals as screenings 
from the cleaning machine. There is, however, a fairly good correlation 
between the results from the bags and the screenings. 

It is evident that much more information is needed in regard to a 
number of physical factors such as pressure at various points in the bin, 
the movement of the maize as the bin empties, the temperature, moisture 
and oxygen content of the grain at different heights and the influence of 
all these factors on the insects in test bags placed at various positions in 
the grain. 



GRAIN STORAGE PROBLEMS IN SOUTHERN NIGERIA 

Paper read by 

G. H. CASWELL 

at 6th C.I.A.O. Conference held in Sao Thome, August I956 

I am going to ~peak of two crops, cocoa and maize, which present 
different aspects of the problems of storage in Southern Nigeria. 

The presence of mould or insects on cocoa reduces its value out of all 
proportion to the damage actually done, and as it is a very valuable crop, 
worth about £zoo per ton on the export market, almost any amount of 
money can be spent on research and routine measures to maintain and 
improve its quality. 

Maize on the other hand is worth about £z5 per ton and is not an 
export crop. Yields are low and infestation by insects is accepted as 
inevitable. Fertilisers, insecticides and fungicides used to increase yields 
hardly pay for their application, and profit from the crop will not pay for 
research into new and better yielding varieties. 

Cocoa is grown by peasant farmers who have achieved remarkable 
success by raising the annual production to about Ioo,ooo tons in less than 
8o years. It is fermented and dried by the farmer and sold to licensed 
buying agents who are controlled by the Cocoa Marketing Board. 

Cocoa is graded by Marketing Board officials, who count the number 
of defective beans in a random sample. Defective beans include those which 
are weevily, mouldy, flat, slatey and germinated. The total defective beans 
from all causes must not exceed 5% for cocoa to be Grade I. This grade 
sells for £zoo per ton on the world market. Grade II cocoa is that with 
s-xz% defective beans and sells for £x8s per ton. From Iz-zo% the cocoa 
may not be sold but it may be blended with better quality produce to bring 
it up to gradable quality. Cocoa with more than zo% defective beans is 
destroyed and it is a punishable offence for a licensed buying agent to hold 
such cocoa in his store. 

The cocoa season begins in September which is the rainy season. At 
. this time the percentage of mouldy cocoa may be as high as 3-to 4%, but 
fortunately insect infestation has barely started. The rains end in November 
and by December the percentage of mouldy cocoa has fallen to about. 
I ·s%. Meanwhile, insect populations are building up and the percentage 
of weevily beans will have reached about o·x %. By March the percentage 
of mouldy beans will have fallen to between I and z% while weevily beans 
will be about o·s%. With grading regulations demanding such a high 
quality product, it is clear that quite small increases 'in the number of 
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defective beans will profoundly affect the value of the product. The pro­
portion of slatey, flat and germinated beans does not alter no matter how 
long the cocoa is stored. Flat and germinated beans may be eliminated by 
careful hand picking. Slatey beans can be avoided by proper fermentation. 
Mouldy and weevily beans on the other hand are likely to increase in 
numbers while the cocoa is in store, and it is these two types of defect which 
present the main problems of cocoa storage. 

For good keeping quality the co'coa after fermentation should be dried 
to 6-8% moisture content. In the dry season this can be achieved in about 
6 days by sun drying. In the rains it may take as long as 6 weeks or it may 
not be achieved at all. Artificial drying is troublesome for the small farmer. 
If he uses a home-made dryer he is likely to get smokey beans which will 
lead to the confiscation of his cocoa by the marketing authorities. If he 
manages to avoid this the flavour of the cocoa may be impaired by too 
rapid drying of the cocoa in the early stages. The peasant farmer is unlikely 
to be able to afford a dryer which ensures good aeration and a controlled 
temperature. In any case he is not likely to have the technical knowledge 
to operate and maintain such equipment. 

The major insect pest of stored cocoa is the anobiid beetle Lasioderma 
serricome. Riley, working at lbadan has found that this beetle can feed on 
a wide range of materials so that once it is present in an area it will find 
numerous alternative food supplies to enable it to bridge the gap between 
cocoa seasons. In particular it is found on stored tobacco. The female lays 
about so eggs during a life span of 3-4 weeks. The eggs are laid among the 
beans and when the larvae hatch they bore into the beans where they moult, 
pupate and finally emerge as adults after 6o-9o days. Cocoa is not a 
preferred crop for Lasioderma. On flour it will pass from egg to adult in 
30 days and on cowpea or maize in about 35 days. It is fortunate that the 
life cycle is so long on cocoa, but the beetle is still a potential cause of 
downgrading if storage is prolonged. 

It is clearly important to store cocoa for as short a time as possible, 
but transport difficulties and shortage of shipping space may delay the 
despatch of the cocoa and make it necessary to take measures to prevent the 
increase in numbers of defective beans due to insect damage. These 
measures will be of two types: firstly, those which destroy the beetles 
already in the cocoa and, secondly, those \vhich prevent infestation. The 
first requirement can be met by fumigation, the second by spraying stacks 
with insecticide or by storing the beans in paper bags. Another method 
combining the two requirements would be to mix an insecticidal dust with 
the cocoa. All of these present almost insuperable difficulties. The fumiga­
tion of Ioo,ooo tons of cocoa at the right time, and with the staff and equip­
ment available would be impossible. In any case much of the cocoa would 
not be delayed long enough to merit fumigation, and it would be wellnigh 
impossible to forecast when and where a delay would occur. The detection 



STORED FOOD PRODUCTS 99 

of half-a-dozen beetles in a bag of cocoa which would indicate the need for 
fumigation is likewise nearly impossible, although some indication can be 
got by placing traps in cocoa stores. Spraying or misting without prior 
fumigation loses much of its effect if the stack is already infested. Mixing 
with an insecticidal dust as a routine measure might be a solution were it 
not for the fact that there is a risk of taint and cocoa manufacturers are 
naturally very conscious of this and deplore the use of any insecticide. 
Storage in multi-wall paper bags would protect uninfested cocoa, but the 
bags so far tried will not stand up to the rough handling which they get, 
nor do they permit Marketing Board officials to sample the beans without 
destroying the bags. 

A solution might be to give priority of transport to cocoa which is 
stored in towns where protective measures such as fumigation and spraying 
cannot easily be applied, and to establish control units in the large centres 
where fumigation and spraying could be carried out as required under the 
supervision of technical experts. 

Turning now to maize, over soo,ooo tons are produced annually in 
Nigeria. Yields range from $oo to just over I ,ooo lb. per acre which are 
comparable with those of Asia, Central America and South Mrica, below 
those of Egypt and South America and well below those of United States 
and Canada. New high yielding varieties are being distributed by the 
Government Research Department but these have certain disadvantages 
as will be seen later. 

Most of the maize grown is stored on the cob by the farmer, who 
usually keeps it in a hut over a slow fire. This is intended both to dry the 
grain and keep it free from insects. The farmer uses his maize not only to 
supply his own needs but to sell when he needs money. The price of maize 
in the market may range from about 35s. per 200-lb. bag just after the 
harvest to over £4 per bag just before the next harvest. This rise in price 
makes the farmer anxious to hold his grain as long as possible. When he 
needs money he will sell a little to a middleman who takes the maize off the 
cob, bags it and takes it to a nearby large town. The middleman has only 
limited capital, so he is anxious that his money should be tied up for as 
short a time as possible. He takes the maize to a storekeeper in the town 
who sells it for him. The storekeeper earns a shilling per bag no matter 
how long he stores the grain so it is to his advantage to empty his store as 
quickly as possible. Much of the grain is bought by market women who 
buy by the sack and sell by the cigarette tin in the local market. The prices 
quoted earlier are storekeepers' prices. The farmer may receive no more 
than half the price asked by the storekeeper, and the market women may 
get twice that price. Thus the farmer may receive £x for a bag of maize, 
whilst the market women may get £4 for the same bag a week later. A 
major maize storage problem is immediately clear : how to divert the 
enormous amount of money involved in the distributive trade to the 
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improvement of the crop and the benefit of the farmer without disrupting a 
complicated economic system. Five million bags of maize-which is 
approximately the annual production-at £3 per bag, which may be the 
rise in price between farmer and consumer, is IS million pounds. This is 
the absolute maximum. If only half the maize is sold in this way and the 
difference in price were only £I instead of £3, there would still be nearly 
3 million pounds involved annually in distribution. This amount should 
be enough to finance a marketing board which could stabilise the price, 
ensure adequate drying and storage facilities and deal with transport. 
Research on maize storage is intended to help the various government 
concerns who may want to store a few tons of maize and also to prepare 
for such a change as has been envisaged. 

In Southern Nigeria there are two crops of maize. One is harvested 
around July and the other around December. The first is the main crop 
and comes in the middle of the wet season. Maize comes out of the field at 
something like 20% moisture content. T~e germination of grain stored in 
Nigeria at a moisture content of I7-I8% will fall to so% in a month. 
Stored at IS-I6% moisture content the germination will fall to so% in 
about three months. At I3-I4% moisture content the germination will 
remain above so% for more than six months. In addition, above IS% 
moisture content fungus will develop rapidly making the maize unsuitable 
for food. 

The peasant farmer's method of drying is clearly impracticable on a 
large scale even if it were efficient. Sun drying is possible for the second 
crop but not for the main crop. The new high yielding varieties of maize 
have large tightly packed cobs which dry more slowly than the old varieties, 
making the drying problem more difficult. The moisture content of grain 
tends to reach equilibrium with the humidity of the surrounding air, so 
that the air with a low moisture content will dry grain. This can be achieved 
either by warming the air or by drying it. It has generally been found that 
the first is simpler, and since it is the common practice in Europe it has 
been brought to West Mrica. 

Platform dryers are the simplest to build but probably the least 
economical to run. These consist of a platform with holes in it on which 
sacks of grain are placed. Warm air is blown under the platform and passing 
through the grain will remove about I% moisture per hour. This type of 
dryer will deal with about 2 tons of grain at a time. Handling the grain 
involves much labour and is a major disadvantage of the method. A second 
method is to pour the grain into a storage bin with a false bottom. The 
bin holds about 20 tons of grain and warm air can be blown under the 
bottom and up through the grain. A much slower drying rate is used than 
with the platform dryer. Something like !% moisture is removed in 24 
hours. The thermal efficiency is much higher, handling costs are lower 
for the dryer is also a storage bin. The capital cost is much higher and if the 
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grain placed in the bin is too wet or the bin is filled too deeply, the grain 
at the top may deteriorate before it gets dry. Grain can be " batch dried " 
by placing two or three tons at a time in a specially constructed holder, 
through which warm air is blown. The bin is emptied when the grain is 
dry enough and refilled. Capital costs are high, and so are handling costs, 
but this type is more efficient than the platform dryer. It might be made 
portable and taken to drying centres which serve a number of farmers. The 
last type of dryer consists of a tower down which grain passes while warm 
air is blown through it. This type is generally very largely expensive to 
buy and to operate. It is only suitable for installation where large quantities 
of grain are handled. Thus drying presents no fundamental problem ; it 
is merely a matter of selecting the type most suited to the situation. The 
major problems remain, firstly, breaking up a well established system and, 
secondly, finding the capital for the machinery and the recurrent expenses 
for operation and administration. . 

The second major maize storage problem is insect damage. The main 
pest is Calandra oryzae, a weevil. Infestation begins in the field. The 
weevil crawls under the sheath of the cob and lays its eggs on young grain. 
Thus when the maize is harvested it is likely to be infested already, and any 
delay in treating the grain will lead to an increase in the damage. Un­
treated maize a month after harvest is likely to show that zo% of the grains 
have exit holes made by Calandra adults. Some of the new varieties have 
shorter sheaths than the old ones so that infestation of these in the field 
may be higher than with the old varieties. Riley, working at lbadan, has 
shown that during storage Calandra shows a preference for some of the 
new varieties over the old ones. Once again the new varieties are seen to 
have disadvantages. This problem, too, has no fundamental difficulties. 
The damage can be checked by mixing the grain with any of the less toxic 
insecticides. Damage can be stopped entirely by fumigation followed by 
storage in insect-proof containers. These containers might be bins, drums 
or multi-wall paper bags. 

With cocoa then, the problem is to deal with a potential damage to·s% 
of the product, with maize the problem is to deal with a potential damage 
to Ioo%. An increase of s% damage on cocoa may cause immediate loss; 
an increase of so% damage to maize will have little effect. Thus with cocoa, 
both the incentive and the financial support for research and control are 
present, while with maize there are neither. Meanwhile, the problems 
involved in controlling the small damage to cocoa are enormous, but maize 
could be vastly improved without much difficulty. 



NOTE SURLES PERTES CAUSEES AUX DENREES STOCKEES 
EN AFRIQUE OCCIDENTALE DURANT LEUR CONSERVATION 

par A. MALLAMAIRE 

Chef de Ia Protection des Vegetaux en A.O.F. 

Aux degats importants causes aux recoltes sur pied par les animaux 
depredateurs (rats, ecureuils, singes, poissons, oiseaux etc ... ) les insectes 
nuisibles et les maladies, s'ajoutent les pertes souvent importantes dues 
aux animaux (surtout rats) aux champignons (moisissures) et surtout aux 
insectes. 

Dans le tableau joint ont ete resumes la production vivriere globale des 
differents territoires de Ia Federation, les pourcentages de pertes et Ia valeur 
globale des pertes. 

Les pourcentages de pertes indiques ne peuvent etre qu'approximatifs, 
ils varient dans d'assez fortes proportions, d'un territoire a l'autre et d'une 
annee a l'autre. 

Toutefois, les chiffres indiques sont largement inferieurs a Ia realite ; 
on peut estimer a 10 milliards de francs CFA environ, les pertes globales 
supportees chaque annee par }'agriculture africaine, uniquement en ce qui 
concerne Ia conservation des denrt!es. 

Evaluation, des pertes des denrees emmagasinees en A.O.F. (1955) 

Estimation 
Production Pourcentage Valeur totale de la 

Nature du Totale de Perte Totale moyenne perte (en 
Produit (Tonnes) Perte (Tonnes) a Ia tonne francs CFA) 

Mils et sorghos 2.594·000 5% I49·700 I5.000 2.245·900.000 
Riz paddy .. 628.ooo 5% 3I.400 20.000 628.ooo.ooo 
Riz (I) .. .. 70.000 5% 3·500 37·500 I3I,250.000 
Mais .. .. 4II,IOO IO% 4I.IIO 27.000 I. I 09•970,000 
Fonio .. .. I03.400 5% 5Io700 I9.000 982.300.000 
Nieb~ .. .. 7Io500 IO% 7·I50 I4.60o I04·390.000 
Voandzou .. 3.500 IO% 350 I4.60o 5-IIO.OOO 
Haricots •• .. 26.500 IO% 2.650 20,000 53·000.000 
Patates .. 246.300 5% I2.3I5 I4.60o 179·799·000 
lgnames •• .. 2.533.000 2% 50.66o 30.000 I.5I9.8oo.ooo 
Manioc .. .. I.682.6oo 2% 33·640 I0.900 366.676.ooo 
Taros .. .. 256·500 2% 5·I30 I2.500 64.I25.000 
Arachide en coque 994·000 IO% 49·700 I7.6oo Io749·440.000 
Cacao .. .. 6z.ooo 5% 3.IOO 86.000 266.6oo.ooo 
Cafe .. .. 97.6oo 2% I,956 9I.8oo I79·56o.ooo 
Cola .. .. 23.000 20% 4.6oo 55·000 253.000.000 
S~ame .. .. 4·500 2% 900 27,200 24·480.000 

9·840.000.000 

• Riz importe (brisures). Mils=Pennisetum typhoideum. Sorghos=Sorghum spp 
Fonio=Digitaria exilis. Nieb~= Vigna unguict~lata (cowpea). Haricots=Pltaseolus vulgaris. 



LA SOCIETE COOPERATIVE DES PRODUITS AGRICOLES 
"SOCOPA" 

Extraits du rapport sur les " Essais Pyretox " de 1\1. Van Den Bruel, 
Agronome de Ia Direction Sud 

I ,6 tonnes de haricots achetes a Kibu vers le 20 janvier I955 ont ete 
stockes au magasin de Kiandjo le 25 janvier I955· Ace moment, ils ont ete 
mi~ en sacs de 8I kgs. brut et pyretoxes aux doses suivantes: 5 sacs a 2%, 
5 SaCS a 3%1 5 SaCS a 4%1 5 SaCS a 5% • • 

Un essai de cette envergure eliminait les erreurs dues aux petits 
nombres si l'essai n'avait porte que sur quelques kilos. 

Constatations a Ia cloture de l'essai (le 15/2/56) 

I. - Les I 2 sacs restants ant ete au verts. Il etaient en bon etat. 
Nous avions d'ailleurs utilise des sacs neufs en janvier I955· 

2.- Aucun charan~on vivant n'a ete trouve dans les sacs, ni dans les 
haricots, ni dans les echantillons preleves. 

3·- Les haricots ant gardt! le meme aspect qu'au moment de l'achat 
a Kibu. 

4·- Les sacs ont garde le meme poids brut qu'au debut de !'experience 
(8I kgs.). 

5. - Le pyretox melange aux haricots a ete retrouve dans un 
parfait etat de pulverulence, en depit.de l'humidite de l'air bien connue dans 
les regions de haute altitude. 

6. - D'apres le tableau de controle de fevrier a decembre, on n'observe 
aucune variation dans le pourcentage de haricots charan~onnt!s depassant 
2,5o%. Ce qui represente un indice tres favorable de + o,2 %/mois 
theorique. 

Conclusions 

I.- La moyenne au I6 fevrier 1956 etait pour }'ensemble du lot de 
3,523%: 

+ I0,647• 
- 3,I63. 

or, Ia moyenne au 25 janvier 1956 n'a pas ete calculee d'apres les moyennes 
de chacun des sacs, mais sur }'ensemble du lot. 
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Done cette moyenne est fausse : en effet, nous avons constate que le 
lot est fort disparate et que cette disparite est independante de Ia dose de 
pyr~tox. 

Nous comparons Ia moyenne au r6 fevrier 1956 soit 3,523% et Ia 
moyenne des moyennes 3,889%, Ia difference est faible : 0,366. 

La critique de cet essai ne se justifie done pas, elle a mis en valeur le 
fait qu'a l'achat les haricots etaient deja charan~onnes. 

2.- L'effet de pyretox est prolonge. 
3·- Le fait que les haricots etaient plus ou moins fortement charan­

~onnes a l'achat (cfr sacs VI, N5) ne nous permet pas de dire si le pyretox 
agit vite ou lentement. 

4·- Nous n'avons trouve au r6 fevrier I956 aucun charan~on vivant. 
Au 25 Mars, soit apres deux mois d'ensachage, il n'yavait plus de charan~ons 
vivants dans les lots ]2 et N5 soit4% et 5% dans les V3-B3, soit 2% et 3% 
sur les charan~ons trouves, n% et 4,25 vivaient encore, mais etaient rendus 
inoffensifs. 

5·- Une dose de 2% est suffisante normalement, un contre-essai 
l'a prouve. 

L'achat de Myamoto qui etait non charan~onne, a ete protege tres 
efficacement par du pyretox a z% (charan~onnes: 0,29%). 

6.- Tenant compte de Ia lettre DMOI 72/56 pyretox 2% a I7 
Frs.le kg. = 34 Frs. -/I T. haricots. 

Novitox I% a 30,50 Frs. I~ Kg. = 30,50 /I T. haricots. 
Nous preferons pyretox pour sa pulverulence et pour son action 

plus soutenue. 

Conclusion Genernle 

Nous conseillons l'emploi du pyretox. 



THE CONTROL OF STORED PRODUCTS INSECTS IN KENYA 

By R. LE PELLEY and S. KocKuM 

INTRODUCTION 

\Vork on the control of stored products insects and advice to the 
public on this subject has always been centred in the Department of 
Agriculture. References to this work have occurred in departmental 
reports for nearly so years past. The work was intensified in 1947 and 
1948 when large scale experiments were begun with pyrethrum, B.H.C., 
and other insecticides, this being only a part of the work of the entomological 
section, and proving a heavy commitment. Following a suggestion from 
the Secretary of State for the Colonies a notable improvement occurred in 
1949 when an Inter-Departmental Committee, advisory to the Minister 
of Agriculture, was set up to ensure that the subject of pest infestation of 
stored products received full and sustained consideration and to advise 
the administration regarding any steps necessary to prevent or reduce 
existing losses. This Committee consisted, and still consists, of the Maize 
Controller, a Senior Medical Officer representing the Medical Department 
and the Senior Entomologist as Chairman. Special staff was engaged 
and appointed to the Maize Control to work on the lines agreed by the 
Committee, namely, an Entomologist and a Stored Products Scientific 
Officer, the Senior Entomologist, Agricultural Department, also col­
laborating in so far as his other duties permit. A notable feature of the 
work following the appointment of this Committee and the special staff 
mentioned has been the close collaboration of the Maize Controller and 
all his staff, and their help in the really large scale control experiments 
thus made possible. The other notable feature of the general set-up for 
Stored Products research in Kenya is the help obtainable, and may I say 
always readily forthcoming, from the Pest Infestation Laboratory at Slough, 
through the Colonial Liaison Officer. We have kept in very close touch· 
with Slough and cannot pay too high a tribute to their help. A short 
account of the problems investigated and still under investigation is given 
herein. 

PROTECTION OF MAIZE IN BAGS 

Mter delivery from the farm the system in Kenya for many years 
past and at present is for maize to be stored in bags, and large bag stacks 
controlled by Maize Control are present in many centres. 

The protection of bagged maize has from the start played a large 
part in the experimentation and the following has been determined. 
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I . Inert Dusts 
(a) Kenya Diatomite itself is a protectant. It reduces the percentage 

of grain damaged. When used in bagged grain this may not be due solely 
to intrinsic toxicity, but also to the slippery nature of the material inhibiting 
insect distribution through the bulk of grain. 

(b) Local Bentonitic clay is not a protectant and its addition to grain 
may on the contrary provide a more favourable environment to Calandra. 

2. Insecticides 
(a) D.D.T. at the rate of seven parts per million has not a protectant 

effect. 
(b) Gamma-B.H.C. in Diatomite well distributed throughout the 

grain is completely effective for I6 months at the rate of I p.p.m. At 
0·5 p.p.m. it was found to be insufficient. 'Gamma-B.H.C. dispersed in 
water {I p.p.m.), sprayed on maize before filling into bags had a protectant 
effect for three months only. 

3. Pyrethrwn powder 
Pyrethrum is an established crop of great value in Kenya and has 

therefore (and also because of its low toxicity to mammais) been used in 
all our experiments. The indications are that the officially approved 
limit of 25 p.p.m. of pyrethrins is about the minimum for really effective 
use. At this rate it has been found to be effective for eight to twelve months. 

4· Pyrethrins plus Piperonyl Butoxide 

Used at approximately I p.p.m. of pyrethrins with I6 times the amount 
of piperonyl butoxide mixed locally in talc and also in ground soapstone 
both mixtures were effective for six months. In an experiment with a 
proprietary product with the same relation pyrethrins : piperonyl butoxide 
of I:I6 and used at I'9 p.p.m. and 3·8 p.p.m. of pyrethrins, the lower rate 
gave protection up to about seven months and approximately the same 
result as pyrethrum powder applied at the rate of 25 p.p.m. of pyrethrins, 
while the higher rate was still effective at I5 months, when the experiment 
was discontinued. Piperonyl butoxide used alone had no effect. In a 
further experiment with pyrethrins : piperonyl butoxide (I :Io) in pyrethrum 
mare at 3 '75 p.p.m. pyrethrins. This has shown itself to be outstandingly 
effective for more than I9 months. 

5. Placement of BHC 

As gamma-B.H.C. has a fumigant effect it has been suggested that a 
thorough mixing of the insecticide and the grain might not be necessary. 
An experiment to test this is still continuing. B.H.C. was mixed with one­
fifth of the maize which was placed in a bag and the remainder filled up 
with untreated grain giving I p.p.m. calculated on the total of grain in the 
bag. Four bags were used. Monthly insect counts showed somewhat 
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fewer insects than in untreated control bags but unexpectedly there were 
as many or more living insects in the treated as in the untreated end of 
these bags. 
6. Treatment of the bag fabric only was investigated using different 
pyrethrin and B.H.C. formulations. Treated bags normally had a short 
delaying effect on the infestation but the protection was quite insufficient 
under local conditions. 

PROTECTION OF COB MAIZE IN CRIB 
This is reported on separately by one of the authors. Four experiments 

with maize on the cob in cribs have been carried out. A successful practical 
method has been found which consists of treating the cobs while going into 
the crib with o·5% Gamma-B.H.C. at 8 oz. to 9 cu. ft. Dusting with 
pyrethrum and provision of different types of walls to the crib, aiming at 
preventing insect damage on exposed sides, have been and are now under 
investigation. Though no method of protecting maize in the crib was 
known when this work began and Calandra usually greatly increased in the 
crib, this is now the one portion of the storage cycle where virtually complete 
control is obtained. The almost universal use of the method by farmers has 
been largely instrumental in reducing this former major pest to a position 
where it is comparatively rare Most of our work now centres on Tribolium, 
Oryzaephilus and Ephestia. 

FUMIGATION 
Methyl Bromide fumigation of grain under gasproof sheets was 

recommended in Kenya as early as 1951 but early experiments were 
interrupted and it was not in general use before the end of 1954. Though 
usually effective against Calandra, it was soon found that under local 
conditions the usual rates of gas applied elsewhere did not suffice. Experi­
ments were undertaken on ten stacks each consisting of about I 5 ,ooo bags 
all in one store, each stack separately fumigated under gasproof sheets. 
Different concentrations and lengths of time under gas were tried. It was 
found that exposure time was the most important factor. This work 
resulted in a recommendation of 2 lb. Methyl Bromide per 1 ,ooo cu. ft. 
for 48 hours. 

While this completely eradicates Calandra oryzae, both Tribolium 
castaneum and Oryzaeplzilus surinamensis show a low survival rate even at 
this dosage. It seems probable that this is due to lack of penetration of the 
gas to parts of the stack. To investigate this and to study the problems 
involved in these large stack fumigations, plans have been made and are 
now well advanced for a study in collaboration with the Pest Infestation 
Laboratory at Slough of such fumigations and particularly of the penetration 
of gas in large stacks using modem gas sampling techniques. All apparatus 
is now collected and calibrated and the stacks should be fully prepared 
with sampling tubes in place by February. 
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EPHESTIA INFESTATION 

Since routine fumigations with Methyl Bromide have been carried 
on we have experienced heavy infestations of Eplzestia cautella in many of 
our stores. Pyrethrum formulations applied as a fog spray have been 
found effective in killing the adult population, but as emergence goes on 
all the time this treatment has to be constantly repeated. Outside dusting 
or spraying of the bags with B.H.C. or D.D.T. has been shown to have 
no appreciable effect on the infestation of the moth. 

INSECT INFESTATION IN RAILWAY TRUCKS 

Heavy insect infestations sometimes remain in empty railway trucks 
resulting in reinfestation of fumigated grain and other clean stored products 
when loaded in these trucks. Various methods of disinfestation have been 
suggested from time to time but most of these are impracticable in normal 
railway use. Spraying the trucks with persistent insecticides, if effective, is 
considered practicable. A number of trucks have been sprayed with 
different formulations and tested at intervals by placing test insects on the 
walls under patches of muslin. Difficulties were experienced in finding 
the sprayed trucks and the Railway suggested a solution of this difficulty 
and painted eight trucks green in order that they might be promptly 
recognised on the line. Difficulty was also found in devising a satisfactory 
testing method. In early tests controls were either placed in tubes in the 
trucks or on a loose plate of iron which was unsatisfactory since it did not 
give a direct comparison with the conditions on the truck wall. This was, 
we believe, satisfactorily o_vercome by painting patches for the controls 
with an aluminium paint over the treated surface and during the tests the 
truck walls are now shaded with tarpaulins on the outside. It is considered 
that to be of practical value a treatment needs to be effective for more than 
six months preferably up to a year. 

Only resin formulations have been shown to last for more than six 
months and of these a formulation of Dieldrin (IS%) plus Coumarone 
resin (I ·8 %) has so far proved to be fairly effective in some trucks for more 
than nine months, by.tests as described and the trucks also being insect free 
after this time. The method can be considered to show promise, but much 
further work on it is needed. 

TREATMENT OF STORES 

Spraying of Store Walls. The use of D.D.T. or D.D.T. and B.H.C. 
mixed, in the form of wettable powders has been recommended for many 
years past as a residual spray on the walls of stores to supplement other 
treatments applied to bagged produce in the stores. The development of 
long lasting formulations of insecticides with resins offered the hope of 
increased life of toxic films on walls. An experiment with wettable powders 
and insecticidal resins on whitewashed rough stone walls showed that 
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wettable powders (D.D.T. and B.H.C.) had very little residual effect 
after one month, though D.D.T. was noticeably more effective than B.H.C. 
against Tribolium. Urea formaldehyde resin containing 2% B.H.C. plus 
20% D.D.T. was fully effective against both Calandra and Tribolium 
after five months. It is believed that it was effective for much longer­
up to at least ten months-but this was not proved as there was some doubt 
as to whether contamination of the walls with other insecticide did not 
occur after the five-month sampling. A resin containing 5% B.H.C. 
plus Io% D.D.T. was fully effective against Calandra after five months 
but never gave a complete kill of Tribolium. A resin containing 5% Aldrin 
and Io% Dieldrin rapidly lost its effectiveness after one month. 

AFRICAN STORAGE 

A survey of Mrican storage methods has been carried out in several 
Mrican areas and given much useful information. The use of insecticides 
to protect grain in African stores is beginning in some areas. This will 
prove an important means of conserving grain in the future. 

WORKCONTIMmNGORP~D 

It is thought sufficient to give a short list of the main lines of work 
contemplated in Kenya in the near future. 

I. Methyl Bromide fumigation. 
2. Control of residual insect infestation in railway trucks. 
3· Study of moisture content of maize and its determination. 
4· Insecticidal resins for treatment of storage premises. 
S· Study of Eplzestia cautella in local conditions. 
6. Study of parasitation of stored products insects, and the effect on 

parasites of fumigation and insecticidal treatment. 

SUI\11\IARY 

I. The administrative and technical set-up for research on the control 
of stored products insects is shortly described. 

2. Results are given of experiments to control insects in bag storage, 
in crib storage, with fumigation, with insecticidal resins in stores, and in 
railway trucks. 

3. Main lines of work for the immediate future are listed. 

STORAGE OF 1\IAIZE ON THE COB IN KENYA 

In Kenya maize was planted as a crop by the natives before Europeans 
settled in the country. Maize may have been introduced by the early 
Portuguese at the coast, but it may have been grown here before that time. 
The question is not yet decided from where maize originated, and after 
all it may have been an old world plant from the beginning. It seems to 
have been an established crop in parts of the Chinese imperium at the time 

H 
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Columbus reached America. Lately it has been suggested that maize was 
introduced in prehistoric times to America from Africa. 

The maize grown in Kenya by the native population used to be a 
small-grained, low-yielding variety. This has been replaced by introduced 
varieties and the original type is now hard to find anywhere in the country. 

Some of the stored products insect pests are equally old in Mrica. 
Tribolium sp. have been found in a pharaonic tomb of the sixth Dynasty 
(ca. 2500 n.c.). Local strains have evolved which may have reactions to 
insecticides different from those of races of the same species in other parts 
of the world. Tribolium castaneum sent to England by us was found to be 
at least 12 times as resistant to gamma-B.H .C. as some of their local strains. 
It seems evident that results obtained from experiments cannot be applied 
to other areas without local experimentation. 

The insect species giving trouble in cob storage of maize are mainly 
Calandra oryzae and Sitotroga cerealella which are present in the field 
before harvesting. Next in importance are Triboli111n castaneum (T. con­
fusum is present in some districts) and Oryzaeplzilus surinamensis. 

The climatic conditions which influence storage methods in Kenya 
are varied. The maize growing districts are found from the coastal belt up 
to an altitude of" some 9,000 ft. The temperature is high in the lower areas, 
and frost is experienced in the highest parts. The rainfall is influenced by 
the monsoons and most of Kenya enjoys two periods of good rainfall 
yearly, the so-called long and short rains. Western Kenya, where the bulk 
of our maize is grown, is influenced by the great water surface of Lake 
Victoria and thunderstorms occur frequently between the long and short 
rains, where here it is hardly possible to distinguish two separate rain 
periods. In all districts, however, a dry and hot season occurs in January 
and February. 

Maize is always planted at the onset of the long rains, usually in 
March/April. A second crop is planted in most African areas during the 
short rains in November. The harvest time falls in periods which are not 
specially dry and the crop has to come off the fields before the ground gets 
too hard for ploughing. Very little maize is shelled from the field as it 
has not had an opportunity of drying out sufficiently. This is the reason 
why most of the maize has to be kept on the cob in some form of crib 
storage. In this manner it is normally kept for half a year and part of the 
crop considerably longer. In modern agriculture with a large surplus in 
the growing, sufficient transport does not exist nor are there sufficient 
stores at the receiving end to handle a season's crop and to hold reserves 
for years of shortage at the same time. The delivery season is therefore 
drawn out over more than half a year. 

The usual type of crib store on European farms consists of a rectangular 
building, supplied with a wooden floor raised from the ground ; the walls 
are made of wire netting and the roof of corrugated iron. The size is 
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usually 8-15ft. wide and inside wall height C)-IO ft. A number of so-called 
Argentine cribs are also used. These are of circular shape; maize stalks are 
used instead of wire netting, these being retained by circular fencing wire 
and a bedding of stalks serve as the floor. 

The storage system in the Mrican areas varies with local climatic 
conditions and the type of store differs slightly with different tribes. 

From the coast up to an altitude of about 2,ooo ft. the maize is stored 
on the cob in the huts on a specially built loft and a slow fire is kept burning 
below. Only a slight increase in the ambient temperature is necessary 
to prevent normal insect pests from breeding. Cockroaches are the only 
stored products insects which seem to be able to withstand this treatment 
to any extent. At a higher altitude the amount of firewood needed to keep 
up the necessary temperature makes this method impracticable. 

In the other parts of the country separate stores are built for the crop. 
These are always raised from the ground. In the hot areas the walls are 
made from papyrus or consist of a thin layer of grass and the conical roof 
is grass thatched. Higher up these store-huts are provided with walls of 
a wicker-basket type made from wooden stricks and often plastered with 
mud. In the highest parts the structure is tight, and one even finds stores 
with a plastered ceiling. 

In one district, on the north-western slopes of Mount Kenya, where the 
rainfall is high, a completely different method of storing maize on the cob 
is found. Here the maize cobs without having the sheaths removed (which 
is otherwise done in crib storage) are tied to a pole in tight bunches. The 
pole either stands on the ground or is hung up high in a tree. The crop is 
left on the pole until required for shelling. 

The damage caused by insects in crib storage becomes very extensive 
after a few months when no insecticide is used. At an altitude of 4,ooo-
6,ooo ft. where most of Kenya's maize is produced, more than 20% of the 
weight can be lost within six months. At this time parasites have multiplied 
and the rate of loss decreases, but about 30% will probably disappear if 
the maize is stored in this manner for a full year without protection. The 
acreage planted to maize in Mrican areas is partly governed by this cause 
and only so much is put under this crop as can be consumed before such 
losses get too severe. 

CRIB EXPERIMENTS 
In view of the severe losses in cribs and the lack of any known positive 

method of control at this stage in the storage process, it was realised that 
this was an important subject for experimentation. 

In 1952 two cribs were built at Scott Agricultural Laboratories, Nairobi, 
for experimental purposes. These were of the usual European rectangular 
type, 36 ft. long, 9 ft. wide and with 9 ft. high wire netting walls under 
corrugated roof. Each crib was split into compartments 4! X 6 X 9 ft. in 
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size, thus giving 24 compartments in all, making it possible to lay out 
replicated plot experiments. 

The first experiment carried out has been fully described in the 
East Mrican Agricultural Journal No. 2, 1953. Treatments with dusts 
were used comparing: (r) 8 oz. per cu. ft. of diatomite; (2) a mixture of 
.25% pyrethrum powder and 75% diatomite; (3) o·o4% gamma-B.H.C. in 
diatomite ; and (4) o·4% gamma-B.H.C. in diatomite. Nearly complete 
protection over six months was obtained with o·4% gamma-B.H.C. 
except slight damage on the exposed sides; o·o4% gamma-B.H.C. had 
good effect inside the bulk but none on the set sides. Pyrethrum powder 
mixed with diatomite gave fair results but it cannot compete in cost with 
B.H.C.-diatomite powder. 

A second experiment was then carried out with the object of finding 
out if the dosage could be reduced and if dusting the exposed surfaces 
with pyrethrum powder could reduce the damage here. It was found that 
the dosage of gamma-B.H.C. could be reduced to 0·3% with approximately 
the same protection over six months. In practice, however, it has been 
considered advisable to recommend a dose of 0·5% as maize may be stored 
for longer periods and this heavier dose is therefore safer. Dusting the 
sides with pyrethrum powder immediately after filling the crib had no 
effect, nor had it if the treatment was repeated after three months. Pyre­
thrum powder treated with yellow earth in order to protect the powder 
against ultra violet light was no better. 

A third experiment followed with the object of finding if a different 
type of wall would give protection against insect damage on the sides. 
The cobs when filled into the crib were treated with o·o6% gamma-B.H.C. 
in diatomite since this could be expected to have a good effect inside the 
bulk but none on the outside in an ordinary crib. 

This had previously been shown over a period of six months but 
protection of the inside of the bulk was not obtained at this strength for 
as long as a year which was the full term of this experiment. Four com­
partments were covered with grass thatch on the outside walls. Four 
compartments were covered with Napier grass stalks (no maize stalks were 
available) in order to stimulate a native store and an Argentine crib. Four 
compartments were covered on the outside walls with hessian cloth and 
four compartments with hessian cloth which then was sprayed with 
gamma-B.H.C. (Lindane) and coumarone resin in kerosene solution. The 
amount of B.H.C. used on the hessian was the additional amount over the 
o·o6% gamma-B.H.C. used on the· cobs in the compartment to make up 
the dosage of o·5% dust at the usual rate of application. 

The results· of this experiment were partly disturbed by thefts and 
were also influenced by differences on sides exposed to morning and 
afternoon sun. However, no difference of treatment could statistically be 
detected between any of the treatments and untreated controls except in 
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the case of B.H.C.-treated hessian cloth. The effect of this was almost 
perfect protection and such that it even affected neighbouring compartments 
as well. 

Cages with cobs treated with different strengths of B.H.C. were 
placed inside the bulk of every' compartment and it was found that even 
I ·6% gamma-B.H.C. at 8 oz. per 9 cu. ft. did not protect the grain. This 
has later been further illustrated in a bag experiment with shelled grain 
where placement of B.H.C. had no effect. B.H.C.-coumarone-treated bag 
fabric had likewise no effect on untreated maize. 

At present we have yet another experiment going on in the cribs. 
This time we are trying out the treated hessian walls on a complete crib 
and using one-third of one crib with hessian treated with less B.H.C. 
In the remaining space we have untreated controls and cobs treated by the 
standard method (o·s% gamma-B.H.C.). The experiment will be con­
tinued for a full year, and is not yet completed. When this last experiment 
is completed we hope to publish the results of these experiments in full. 

In a separate experiment with dusted maize it has been demonstrated 
that in the shelling process most of the B.H.C. is removed. Even with 
heavy applications up to eight times the recommended dosage the average 
content after shelling was under one part per million. 

Following results the farmers in 1953 were recommended to use 
o·s% gamma-B.H.C. (Lindane) in diatomite at the rate of 8 oz. per 9 cu. ft. 
when filling their cribs. This recommendation is still in force in Kenya 
and has had the most beneficial result, Calandra oryzae has been reduced 
to a minor pest. Though in the beginning objections were raised to the 
dust nuisance created at shelling no one now complains probably because 
the method is known to be so very effective. 

Farmers have been convinced by the practical results that the method 
when properly carried out is absolutely essential. This method is now being 
introduced into the African areas but is not yet widely used there . 
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SPRAY RESIDUES 

By p. J. CHAPMAN 

Head, Department of Entomology 
N.Y. State Agricultural Experiment Station, Cornell University, 

Geneva, N.Y. 

Occasionally someone comes out with a charge that people are being 
poisoned wholesale through exposure to pesticides or by consuming foods 
that carry pesticide residues. Such statements are usually long on claim, 
short on fact. Because of their sensational nature, however, they receive 
wide publicity. 

It is difficult to counteract the harm done by such reports. Alarmists, 
especially those of the professional type, are well aware of the attention­
getting advantage that sensational claim has over sober fact. And yet these 
stories should not be allowed to go unanswered. The general public is 
entitled to have not only " the other side of the question " but the overall 
facts on the situation. 

People should be made more aware than they apparently are of how 
dependent we are on pesticides to maintain our present high levels of health 
and food production. Without pesticides we would not be able to produce 
sufficient food to feed this nation. In spite of using pesticides, we still 
sustain insect losses estimated at $5 billion annually. 

Mosquitoes, flies, lice, fleas, mites and ticks of various kinds are 
carriers of some of man's most dread diseases. These include malaria, 
yellow fever, typhus, bubonic plague, cholera, dysentery and many others. 
D.D.T. and other new materials have given marvellous results in controlling 
these diseases in plague-ridden spots of the world. The principle used is : 
control the disease by eliminating its pest carrier. In this connection D.D.T. 
alone is credited with having saved 5 million lives and with having prevented 
100 million serious illnesses, since the chemical was introduced in 1942. 

In view of the foregoing, isn't it time we thought more of pesticides as 
boons of mankind rather than as imagined health hazards? 

Human exposure to pesticides is of. two types. On the one hand, 
there are persons who may be heavily exposed while manufacturing or 
handling pesticides in the course Of·their daily work, or while treating 
crops. All of us as consumers make up the second group. Exposure here 
consists of eating food which may in some cases bear traces of spray residues. 
Of the two, the pesticide worker and' the grower are obviously subject to the 
greater danger if real hazards truly exist. 

Most pesticides are toxic substances. No one denies this fact. They 
would be of little value in insect control if they were not toxic. Fortunately, 
some pesticides are much more toxic to pests than to man. More and better 
examples of these safe materials are under development. 
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What, then, are the hazards to growers in their use of pesticides for 
insect, disease and weed control? Most growers are aware that pesticides 
must be handled with care. They know further that some of them are 
downright dangerous to use. Actually, farmers have a fine safety record in 
the use of pesticides. Dr. W. L. Popham, Assistant Chief of the U.S. Bureau 
of Entomology and Plant Quarantine, recently had the following to say on 
this point : " Although a billion pounds of insecticides are manufactured 
in this country annually, authentic records of ill effects from their use when 
properly applied are almost completely absent." 

Some grower fatalities have been caused by pesticides. But such 
instances are rare and can almost certainly be ascribed to gross carelessness 
in their use. 

TOLERANCES NEEDED 
Turning now to the spray residue question as it concerns the con­

sumer. Everyone would be happy if even the barest traces of pesticides 
could be kept out of all food. Fortunately, this is possible with many food­
stuffs. With others it is not presently possible to eliminate all traces of 
residues. The only practical means of meeting this situation is to fix safe 
tolerances. There are many precedents for this practice. 

To say that a chemical is toxic is not to say that it presents a hazard 
if ingested in minute amounts. That is an important distinction. For 
years we have been eating foods that contain small amounts of added 
chemicals which, if taken in excess, would be harmful. Some examples 
are mould inhibitors, bactericides, antioxidants, emulsifiers, preservatives, 
etc. As used, these materials perform a useful function and are non­
hazardous. 

The fact that traces of spray residues may occur in some foods is much 
less important than whether the amounts present constitute a health hazard. 
No official spray residue tolerances for foods have been established. Some 
20-odd years ago the Food and Drug Administration set up unofficial 
"tolerances" for arsenic, lead and fluorine. Recently, tentative unofficial 
" tolerances " have been suggested for D .D. T. and others of our new organic 
insecticides. Does any health hazard exist where foods bear amounts of 
pesticides at or below these unofficial tolerances? All authentic toxicological 
and other scientific evidence agrees that hazards either do not exist or are 
negligible. The truth of this statement is fully borne out by experience. 

Thus, no one has ever been killed or made definitely ill, to the writer's 
knowledge, by eating foods that may have borne traces of spray residues. 
Claims to the contrary have been made from time to time. But we are con­
cerned here with fact rather than supposition and rumour. 

D.D.T. is a favourite target for alarmists on the ground that it has been 
suspected of being an accumulative poison. It has been charged with 
causing all kinds of dire illnesses. For the latest information on this question 
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from an authoritative and thoroughly responsibl~ source, the writer has 
gone to the U.S. Public Health Service. The authorised statement received 
by letter of 7th October, 1953, from Dr. G. W. Pearce follows : 

"Originally it was thought that D.D.T. was dangerous to use because 
it tended to accumulate in the body fat of h'umans and that it would even­
tually reach a dangerous level. Subsequent work indicated that a storage 
plateau was reached which would not be seriously high at the usual intake 
levels of our daily diet. More recently, work at the Technical Development 
Laboratories of the U.S. Public Health Service has demonstrated that the 
D.D.T.-like material stored in human fat consists largely of a degradation 
product of D.D.T. called D.D.E. which is practically non-toxic as com­
pared to D.D.T. On the basis of the foregoing and more extensive ex­
perimental and general observations on the toxicology of D.D.T., Dr. D. J. 
Hayes, Jr., Chief of the Toxicology Section of the above laboratories, has 
recently concluded that ' the danger of chronic toxicity is neglibible! 
Thus, the fear of D .D.T. as a hazard in our food supply is greatly alleviated." 

More than three years ago the Food an~ Drug Administration con­
ducted a gigantic hearing which we were told was held to obtain necessary 
information for the establishment of tolerances. No official tolerances have 
been established to date. 

It is high time we had more efficient and practicable means of regulating 
pesticide use in relation to foods than presently prevail. Such means appear 
to be in sight in the form of the Miller Bill. It is now under consideration 
by the Congress. This is the Pesticide Residue Amendment to the Federal 
Food, Drug and Cosmetic Act (H. R. 4277). 

This bill embodies sound and workable principles. In addition to 
providing fully for the protection of our health, it recognises that food 
producers also deserve sympathetic consideration. Congress recessed before 
action could be taken on this legislation. But doubtless it will be up for con­
sideration when Congress reconvenes. The Miller Bill merits your support I 

It is, of course, necessary that every reasonable safeguard be set up to 
guard the health of all of us. We believe these conditions are being fully 
met in the case of pesticides. In considering questions of this sort, it is 
always desirable to keep things in their proper perspective. 

So, let's face it : we live in a dangerous world. Aspirin, for example, 
caused 70 accidental deaths in 1949, lye and similar chemicals 87, petroleum 
products 117, and barbiturates (sleeping tablets) 466. Should we outlaw the 
use of these materials? Alcoholism killecJ. 2,433 persons in 1948. Take 
automobiles: they killed 37,300 people and caused I,35o,ooo non-fatal 
accidents in 1951 alone! Finally, in America, over-eating is charged 
with probably being the greatest single cause of shortening our life span. 

In our concern over the possible hazards of problems like spray 
residues, let us not as a nation be guilty-in the language of the proverb­
of straining at gnats and swallowing camels. 
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LU'ITE CONTRE LES PERTES SUBms PAR LES PRODUITS AGRICOLES 

APRES RECOLTE DANS LES TERRITOIRES TROPICAUX DE L'UNION 
FRANCAISE 

par A. A.NGLADETTE 

Directeur de Ia Section Technique d'Agriculture Tropicale du Ministere 
de Ia France d'Outre-Mer 

II n'est pas un pays ou Ia disparition de Ia foret n'ait ete denoncee 
comme une des causes determinantes de Ia degradation des sols, livn!s 
ainsi sans protection a !'action nefaste des elements climatiques et de l'eau. 
Partout s'organise Ia lutte contre cette degradation et des moyens puissants 
sont mis en oeuvre pour assurer Ia conservation des sols. Soucieux 
d'accroitre les disponibilites en denrees alimentaires et en biens de con­
sommation, les gouvemements responsables des regions sous-developpees, 
non seulement edictent des mesures de conservation du patrimoine fancier, 
mais egalement organisent Ia mise en culture de nouvelles regions; l'accrois­
sement de Ia production est en outre recherche par !'amelioration des 
methodes de cultures et par Ia mise en oeuvre d'un materiel vegetal ameliore 
dans les stations de recherches agronomiques. 

Malheureusement, cette production accrue reste sujette a des pertes 
considerables, entre le moment de Ia recolte et celui de Ia consommation 
ou de la commercialisation ; ainsi se trouvent, dans une certaine mesure, 
reduits les heureux resultats atteints en matiere de production. Ces pertes 
sont particulierement importantes dans les regions tropicales, du fait de Ia 
dispersion de Ia production, de Ia pauvrete en nioyens de production et de 
l'insuffisance en personnel de propagande. 

A un autre stade, a celui de Ia transformation des produits et de leur 
industrialisation, des pertes importantes peuvent etre relevees, du fait de la 
precarite frequente de !'infrastructure industrielle et de l'inutilisation ou de 
!'utilisation insuffisante des sous-produits. 

Ce sont ces trois categories de pertes : a Ia recolte, en cours de con­
servation, puis lors de la preparation et de !'industrialisation, qui font 
l'objet de cette etude. 

PERTES A LA RECOLTE 

II est surprenant de constater combien les producteurs des regions 
sous-developpees, et plus particulierement des regions forestieres inter­
tropicales, sont negligents en cette matiere. 
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Dans nombre de plantations arbustives de cacaoyer, cafeier ou de 
peuplement subspontane de palmier a huile, kolatier, karite, Ia recolte ou 
Ia cueillette n'est que plus ou moins totale ; i1 s'agit Ia de produits commer­
cialisables, pour Ia plupart destines a Ia vente ou a }'exportation ; lorsque 
les cours sont juges insuffisants, le producteur limite volontairement Ia 
recolte, abandonnant des fruits sur l'arbre : cabosses de cacao, cerises de 
cafe, regimes de palme, etc. II n'est pour s'en convaincre que d'etudier les 
statistiques annuelles : elles presentent des variations considerables de 
production annuelle ; celles-ci s'expliquent en partie du fait des conditions 
meteorologiques ; le manque de main-d'oeuvre peut egalement etre range 
au nombre des causes possibles : mais les . variations de cours sont 
essentiellement a l'origine de telles differences. A titre d'exemple sont 
repartees ci-dessous les evaluations de Ia production (commercialisee) du 
karite en A.O.F. au cours de trois campagnes successives. 

Beurre Amandes 
tonnes tonnes 

1948 18.ooo 10.000 
1949 1.5oo 3·400 
1950 15.:zoo 42.700 

A de telles variations correspondent bien entendu des abandons 
considerables de produits non recoltes. 

En dehors meme des pertes resultant de ces abandons, un grave 
inconvenient subsidiaire en decoule : celui de risques de pullulation des 
parasites qui, non seulement attaquent les fruits non recoltes, mais aussi 
peuvent subsister, se multiplier et infester les recoltes suivantes. 
L'exemple le plus typique est celui du scolyte du grain de cafe (stephano­
demes hampei) ; Ia recolte seulement partielle des cerises permet Ia 
reinfestation des nouvelles cerises de Ia campagne suivante. 

De meme, l'incomplete recolte des capsules de coton favorise Ia 
proliferation d'une quantite d'insectes parasites, dysdercus earias, etc .... 
et assure le renouvellement de leur cycle vital. 

En ce qui conceme les plantes annuelles, et plus particulierement les 
plantes vivrieres, deux cas sont a considerer : 

Celui des plantes racines ou tubercules dont Ia recolte a generalement 
lieu au fur et a mesure des besoins familiaux ; en Oubangui et au Gabon, 
par exemple, ou le manioc constitue }'aliment de base, en Cote d'lvoire, au 
Dahomey, et en Nigeria ou les ignames occupent une place preeminente, 
les tubercules sont deterres au jour le jour ; selon l'abondance relative des 
autres produits alimentaires, une plus ou mains grande quantite de 
tubercules est deterree, le reste etanf abandonne dans le sol. 

Dans le cas des cereales, riz, mil, sorgho, mais, rares sont les abandons 
totaux ou partiels de recolte, sauf dans les grandes exploitations ou les 
frais de moisson sont trop cleves pour pouvoir permettre Ia recolte de 
quantites par trop minimes. En outre, dans tous les pays tropicaux, la 
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methode traditionnelle de coupe des cereales aboutit a l'abandon en place 
de Ia quasi totalite des chaumes ; ceux-ci restent sans etre enfouis sur le sol 
durant toute Ia saison seche. Le producteur gaspille ainsi une matiere 
cellulosique, hemicellulosique et ligneuse precieuse, qui, rationnellement 
utilisee, pourrait servir de base a Ia fabrication de fumier naturel ou ar­
tificiel, ou de compost. Cette facheuse habitude s'oppose aux mesures de 
conservation et d'amelioration des sols tropicaux. 

1\lesures prises ou euvisagees pour reduire ces pertes de recolte 

En matiere de consommation locale, ou plus exactement de produits 
consommes par les producteurs eux-memes, seule !'education des culti­
vateurs, soit par les services de propagande, soit dans le cadre de groupe­
ments ou de communautes rurales, peut les amener a eviter le gaspillage 
des denrees consommables, ou des matieres vegetates transformables en 
humus. A ce sujet, on peut noter les interessants resultats obtenus dans 
les exploitations mecanisees ou la recolte du riz a Ia moissonneuse batteuse 
et du mais au corn picker permet la recuperation de la paille : ou bien Ia 
paille est pressee, mise en balles et expediee au centre de }'exploitation 
pour etre deposee dans les fumieres ; ou bien Ia paille est hachee et 
repandue sur le sol ou i1 suffira d'un simple labour ou d'un passage de 
disques pour l'enfouir. 

Dans un ordre d'idee voisin on peut citer les mises au point auxquelles 
donne lieu Ia recolte mecanique des arachides (Casamance, Niari) afin de 
reduire le pourcentage de gausses laissees dans le sol. 

En ce qui concerne les produits arbustifs, il en va tout autrement. 
Des mesures tres diverses sont ou peuvent etre edictees ; elles ont tres 
rarement pour seul objectif d'empecher le gaspillage des produits a recolter ; 
mais, plus generalement d'ordre economique ou d'ordre phytosanitaire, 
elles permettent dans une certaine mesure d'eviter ou de reduire ces pertes 
de recolte. 

Les mesures economiques incitant les producteurs autochtones a 
recolter plus et en totalite sont diverses : soutien des prix a Ia production 
(coton), fixation des prix des avant le debut de Ia campagne afin de Iutter 
contre la speculation a l'achat, achats cooperatifs (cafe), etc. Parallelement, 
toutes les mesures ayant pour but de fixer la main-d'oeuvre dans lesgrandes 
zones de production permettent aux planteurs de disposer d'une main­
d'oeuvre constante et suffisante ; toutefois, }'application du Code du 
Travail dans nos territoires d'Outre-Mer aboutit parfois paradoxalement 
a un resultat inverse, Ia main-d'oeuvre ressentant moins Ia necessite de 
travailler ; mais on peut supposer que les ajustements et les mises au 
point auxquels donneront lieu !'application outre-mer du Code du Travail, 
reduiront petit a petit cet inconvenient. . 

Les mesures phytosanitaires ont une action plus directe : on peut 
citer, par exemple, !'obligation faite aux planteurs dans certains territoires 
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de n!colter toutes les cerises de cafe et de ramasser toutes celles tombees 
a terre, afin d'eviter Ia dissemination du scolyte du grain. 

En outre, les services agricoles menent une action constante aupres 
des producteurs pour les engager a effectuer leurs recoltes a un moment 
precis du cycle vegetatif, a un degre optimum de maturite : la recolte 
de fibres dures d'urena lobata, d'hibiscus cannabinus ou sabdariffa, de 
corchorus par exemple, doit etre effectuee a pres achevement de la croissance 
des plantes, a des moments bien determines du cycle vegetatif, si l'on veut 
obtenir des rendements maxima en fibres tout en leur conservant des 
qualites technologiques suffisantes. 

A noter d'ailleurs que l'evolution des methodes culturales, des 
methodes de recolte notamment, entraine obligatoirement une modification 
des periodes optima de recolte. Par exemple, il est certain que le mois­
sonnage battage du paddy doit etre execute avant maturite totale des 
grains de chaque panicule, sous peine de determiner un egrenage 
considerable. 

PERTES EN COURS DE CONSERVATION ET D'EIDIAGASINAGE 

Au cours de l'emmagasinage et des operations le precedent, les pertes 
qui se produisent connaissent plusieurs causes. 

Pertes dues ii Ia dessication 

Apres Ia recolte, les denrees sont souvent mises a secher : une 
diminution de poids en resulte ; mais en fait elle ne correspond pas a une 
veritable perte de matieres utiles mais a une simple diminution du taux 
d'humidite. 

Pertes dnes it l'action de divers facteurs climatiques 

Dans les regions tropi~ales et surtout dans les regions equatoriales -
Gabon, Oubangui, Cote d'Ivoire -l'etat hygrometrique eleve de l'air 
empeche un sechage convenable et determine non seulement des phenomenes 
divers-tels !'apparition de grains jaunes dans le paddy emmagasine-mais 
egalement des fermentations indesirables . 

. Les pertes sont surtout qualitatives, sauf dans les cas extremes ou les 
fermentations rendent inconsommables les produits attaques. 

En ce qui conceme plus particulierement le paddy, !'apparition de 
grains jaunes est incontestablement liee a un sechage prealable defectueux 
et a une elevation de temperature anormale determinant vraisemblablement 
une fermentation et une transformation chimique. Les essais effectues dans 
les stations de recherches specialisees tendent a montrer qu'un emmagasin­
age de grains a 16% OU plus d'humidite, provoquerait }'apparition plus OU 

mains rapide de grains jaunes. A Madagascar on signale !'apparition 
relativement frequente de ces grains jaunes, surtout a Ia base des piles de 
sacs. 
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En outre, chaleur et humidite provoquent la germination intempestive 
des divers grains: paddy, mils, sorghos, mais. 

Dans le cas des denrees industrielles, les facteurs climatiques inter­
viennent egalement apres la recolte. Ainsi, dans les regions equatoriales, 
le sechage des arachides pose un probleme extrt!mement difficile a resoudre 
lorsque la recolte s'effectue en saison des pluies ; le battage ne peut etre 
execute convenablement que sur des plants suffisamment sees, mais 
l'abondance des fanes rend ce sechage ateatoire. Le passage au sechoir 
artificiel des arachides avec leurs fanes est difficile. Le sechage sur champ 
se heurte a }'intervention des termites qui, en quelques jours, aneantissent 
les gousses. 

Pertes dues au parasitisme 

Les depredations commises par les " nuisibles ", principalement les 
animaux, sont cause de graves reductions en quantite et qualite. 

Ce sont les insectes et les rongeurs qui sont de beaucoup les plus a 
craindre. 

Les ravages les plus considerables sont commis sur les graines de 
cereales et les graines de legumineuses conservees en silos, en magasins ou 
en tas. Nombre des parasites consideres sont polyphages et cosmopolites; 
ce cosmopolitisme resulte du transport par bateau a travers les diverses 
parties du monde en meme temps que les produits contamines. Leur 
polyphagie leur permet une proliferation extremement rapide en passant 
d'une denree a }'autre. 

Nous rappellerons tres rapidement les especes d'insectes les plus 
nuisibles, sous les tropiques, aux denrees en magasin : 

Coleopteres 

Sitophilus oryzae (tres voisin de l'espece des regions temperees : 
sitophilus granarius), attaque le paddy, le riz, le mais, le sorgho, le penicil­
laire, ainsi que les graines de Iegumineuses (vigna, voandzou, arachide, 
etc.). 

Rhizoperta dominica 01., parasite surtout des cereales emmagasinees. 
Tribolium castaneum Herbst. T., confusum Duval et T. Risbeci 

Lepesme, coleopteres causant des degats importants sur riz, mil, mais, 
arachide, farine. 

Pachymerus cassiae Gyll ou bruche de l'arachide; quoique pouvant 
infester d'autres graines de Iegumineuses et de cereales, c'est sur l'arachide 
que cet insecte provoque les ravages les plus importants. 

Puis diverses bruches dont Bruchus omatus Bdl qui s'attaque aux 
"niebes " (vigna), callosobruchus sinensis parasite des phaseolus, acan­
thoscelides obtectus Sag, parasite des haricots. 

- Lasioderma serricorne, parasite de produits divers, plus particuliere­
ment du tabac. 
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- Trogoderma granarium polyphage. 
- Tenebrion'des mauritanicus parasite des cereales. 
De tous ces coteopteres c'est le sitoplzilus oryzae qui cause les degats 

les plus importants. 
Lepidopteres 

II s'agit en !'occurrence de microlepidopteres. 
- Corcyra ceplzalonica St., pyrale polyphage causant des degats 

aussi bien sur le riz que sur le mais, le sorgho, le penecillaire ; on la ren­
contre egalement dans le cacao, les farines, les biscuits. Degats peu 
importants sur l'arachide. 

- Eplzestia cantella Walk. Degats sensibles en Mrique Noire, 
cependant moins importants que ceux dus a Corcyra cephaloria. Poly­
phagisme comparable. 

Sitotroga cereallela 0!, Ia teigne des cereales, d'importance moindre 
que dans les regions temperees. Parasite, notamment, du mais et du riz ; 
il s'est particulierement developpe a Madagascar ou, en I95I, il envahit de 
nombreux stocks de riz dans les ports et les points d'embarquement. 

Hemipteres 

A signaler en particulier Aplzanus et Dienclzes vulg. Wangs., en quantite 
considerable dans les seccos d'arachides ; ces punaises adultes et les 
larves piquent les graines d'arachide meme au travers de Ia coque : degats 
importants par suite de la perte d'huile. 

Les termites ne sont que des parasites accidentels des produits ensiles 
ou emmagasines. 

Vertehres 

Par contre les rats pullulent et prelevent une large part des recoltes 
dans les locaux proteges ; ce sont les seuls vertebres vraiment dangereux 
aux denrees emmagasinees. 

II est difficile d'evaluer }'importance des pertes dues aux parasites 
animaux ; elle depend de la nature des produits entreposes, du mode de 
conservation, et de la duree du stockage, du transport et de la manutention. 

En ce qui concerne le paddy, les pertes en magasin paraissent, du fait 
de Ia presence de glumes, infiniment moins elevees que pour le riz et les 
autres cereales entreposees : tant a Madagascar qu'aux Comores, les pertes 
en cours de stockage et de manutention atteignent en moyenne 5% ; ces 
pertes sont sans doute plus elevees dans les regions a forte hygrometric 
(A.E.F.- Guinee); par contre dans les regions a tres faible hygrometric 
ces pertes sont beaucoup plus faibles : a l'Office du Niger pertes minimes 
pour le paddy conserve par les colons, evaluees a I ,5% pour magasinage, 
manutention et transport du paddy commercialise ; au Soudan perte de 
I% au cours du magasinage. II semble que les rats soient les principaux 
responsables de ces pertes. 
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Par contre pour les autres grains ne comportant pas d'enveloppes, et 
pour les graines de Iegumineuses, on a pu dire que un tiers en est mange, 
le second bu (sous forme de boissons fermentees a partir de mil, sorgho 
notamment), le troisieme tiers detruit. Quoique difficile a apprecier, ce 
taux de destruction est certainement tres superieur aux pertes subies par 
le paddy emmagasine. 

A Ia perte en poids, il faut ajouter une perte de qualite, due soit a 
}'alteration par fermentation, dont il a ete precedemment question, soit a 
une alteration physique ou mecanique ; depolissage des grains de riz blanc, 
apparition de farines pour le riz, le mais, les mils et sorghos, le manioc, 
souillures dues aux insectes et surtout aux rongeurs. A noter egalement des 
pertes importantes en elements vitaminiques, en thiamine notamment, en 
huile dans le cas de l'arachide, etc. 

1\lesures tendant a reduire les pertes ii Ia conservation 

La reduction des pertes doit etre obtenue : 
Par !'amelioration des methodes de transport ; 
Par !'amelioration de l'emmagasinage. 

a) Amelioration des methodes de transport : 

Plus les transports sont rapides et moins sont frequentes les manu­
tentions, moins les pertes risquent d'etre importantes. 

Aussi Ia generalisation du transport en vrac est-elle envisagee ; en 
meme temps seraient reduites les difficultes de reapprovisionnement en 
sacs de jute, et serait diminue le prix du transport. 

Dans les grandes exploitations l!lecanisees, les machines de recolte 
devraient fournir le produit en vrac. Mais, en general, le materiel utilise 
outre-mer recolte en sacs ; ainsi, a !'Office du Niger, on utilise des mois­
sonneuses batteuses automotrices recoltant en sacs. II faudrait done 
changer ou modifier les moissonneuses batteuses, les camions, les magasins 
et les systemes de manutention ou chargement et dechargement des 
chalands. II s'agit done de modifications onereuses devant Iesquelles on 
recule. 

Cependant des silos pour emmagasinage en vrac sont en contruction 
avec systeme de nettoyage, de manutention par tremies, elevateurs et vis 
d' Archimede, transporteuses et reprise a Ia main par wagon Decauville : 
les uns munis d'un systeme d'aeration alternante ; les autres avec plan 
incline permettant le chargement direct des camions par gravite. 

En dehors de ces dispositions speciales, !'amelioration du reseau de 
voies de communications contribue a faciliter les transports. 

b) Amelioration de l'emmagasinage: 

On procede actuellement a la construction de silos et a !'amelioration 
des magasins deja existants. Dans les regions ou l'on essaye de grouper Ies 
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autochtones en cooperatives, on pourra instituer quelques silos bien con­
ditionnes. Toutefois !'augmentation massive des moyens de stockage ne 
doit etre poursuivie qu'avec prudence, le stockage individuel permettant 
souvent a l'autochtone d'obtenir un meilleur prix de realisation. 

Du point de vue curatif, Ia desinfection des locaux vides avant Ia 
rentree des recoltes se pratique de plus en plus, par extension de l'emploi 
d'insecticides de synthese tels l'H.C.H. Ces produits peuvent etre, soit 
poudres superficiellement sur les sacs qui les contiennent et sur les planchers, 
soit pulverises a l'etat liquide sur les murs. 

A Madagascar on preconise !'incorporation dans la masse des denrees 
a conserver, de produits insecticides homologues par Ia Metropole et 
autorises apres etude toxicologique pour etre utilises a des doses maxima 
bien definies (arrete No. 51 du 28 janvier 1952). Les poudres utilisees 
jusqu'a present soot a base de H.C.H. gamma pur a o,s-o,zs% et soot 
melangees au grain de far;on a obtenir des proportions en H.C.H. gamma 
de l'ordre de 1-3 parties pour 1 million. 

Du point de vue de l'appareillage de desinsectisation des postes Mallet 
existent deja en Mrique du Nord et a Dakar; certains soot en cours de 
montage a Pointe Noire et a Douala. La Reunion et Tahiti attendent 
egalement deux postes Mall~t. 

Enfin, du fait de !'adhesion a Ia recente convention phytosanitaire 
internationale, l'equipement des territoires d'Outre-Mer en appareillages 
de desinsectisation devra etre encore accru et d'anciens projets vont pouvoir 
prendre corps plus rapidement. Ainsi Abidjan, Conakry, Kaolack, Lome, 
Cotonou, Tamatave, Majunga seront tres probablement equipes dans un 
proche avenir. 

En ce qui concerne Ia lutte contre les rats, rien encore de bien efficace 
n'a pu etre entrepris ; toutefois, !'utilisation de nouveaux raticides anti­
coagulants tels que le Tomorin de Geigy ou le warfarin americain ouvre 
de nouvelles perspectives. Ces produits, encore peu repandus dans les 
territoires d'Outre-Mer, commencent a etre connus et font l'objet.d'une 
attention particuliere de Ia part des administrations locales. 

. D'autre, part dans les usines en construction .et dans les nouveaux 
magasins, des appareils de ventilation sont installes permettant le nettoyage, 
tandis que !'installation de sechoirs est envisagee en de nombreuses regions. 

Ces dispositions sont inscrites au nouveau plan quadriennal de moderni­
sation et d'equipement etabli en 1953· 

Personnel necessnire 

Plusieurs categories de personnel cooperent a !'organisation et au 
controle de l'emmagasinage et de '!a conservation des produits agricoles : 

En premier lieu les agents des services de !'agriculture pour Ia sur­
veillance et la mise en application des directives emanant des services 
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specialises ; 'dans les organismes a.· forme cooperative ou dans les etablisse­
ments paraetatiques -type Office du Niger- c'est a leur personnel 
qu'incombent ces fonctions. 

En second lieu, les agents des services de la defense des cultures ont 
vocation pour le controle du stockage, au point de vue phytosanitaire, pour 
}'emission de directives generales et l'etablissement de directives locales. 

Enfin, en matiere d'exportation- a Madagascar surtout -le per­
sonnel des services de controle du conditionnement intervient pour !'appli­
cation de la reglementation sur le conditionnement. 

Les territoires Outre-Mer disposent, dans !'ensemble de. ces services, 
de cadres europeens dont l'effectif actuellement insuffisant s'accroit 
n!gulierement, toutefois cet accroissement demeure limite par son incidence 
meme sur le prix de revient. 

En ce qui concerne le personnel autochtone de maitrise et de travail, 
l'effectif est en general suffisant, mais la competence en est limitee par 
l'etat d'evolution des populations locales. 

PERTES EN COURS DE PREPARATION ET D'INDUSTRIALISATION 

II s'agit d'un aspect tres particulier des pertes en ressources agricoles. 
Peu de produits peuvent etre consommes ou exportes sans preparation ou 
transformation prealable. 

Tres souvent ces transformations sont executees sur le plan familial 
ou artisanal ; lorsqu'il s'agit de denrees de consommation immediate par 
les producteurs eux-memes, ce mode de transformation ne presente que 
peu de risques de perte. Par contre, lorsqu'il s'agit de produits industriels, 
la preparation ou !'extraction n'est generalement que tres partielle, laissant 
inutilises les sous-produits. 

L'industrialisation agricole d'outre-mer compte done parmi ses 
objectifs, la transformation aussi totale que possible des denrees agricoles, 
et une utilisation rationnelle des sous-produits, lorsque les conditions 
economiques le permettent. 

C'est dans ce sens general que fut trace, en 1947, le plan d'industria­
lisation agricole des territoires d'outre-mer, confirme en 1953 par la deuxieme 
tranche quadriennale. 

De 1947 a 1952 furent implantees les principales industries traitant 
de produits agricoles : rizeries, ateliers de preparation de tapioca, con­
serveries d'ananas, huileries, ginneries, industrie textile, ateliers de traite­
ment du cafe, sucreries de cannes, etc. 

Actuellement le plan prevoit plutot la consolidation et l'amelioration 
des industries precedemment mises en place, de preference a leur extension. 

Seul le developpement d'industries annexes, utilisatrices des sous­
produits est envisage ; mais ce developpement doit etre prudemment 
conduit et limite aux seuls produits le justifiant par leur abondance et 
leur concentration geographique ; aucune implantation nouvelle ne 
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devra etre decidee avant qu'aient ete etudiees les possibilites techniques 
et economiques de traitement des sous-produits en question : 

Extraction du carotene de l'huile de palme ; 
Extraction du beurre de cacao a partir des dechets de cacao ; 
Extraction de l'huile de son de riz ; 
Rouissage et filature des fibres de coco apres extraction du coprah, etc. 
L'amelioration des procedes industriels, et }'industrialisation des sous-

produits contribueront efficacement a une reduction sensible des pertes, 
dans Ia phase finale de transformation. 

SUMMARY 

Governments of under-developed areas are taking measures aiming 
at the protection and conservation of the land and are making great efforts 
towards increasing production. Unfortunately, considerable losses take 
place between the harvest and the period of consumption or commercial­
isation. These losses may be put under three heads : losses during the 
harvest, during conservation measures and storage, and later on during 
industrialisation processes. 
. The writer examines these three categories of losses in respect to the 
tropical territories of the French Union and indicates their cause, their 
importance, and the measures taken or considered to reduce losses. 



TRAITEMENT AU FOUR INFRA ROUGE DES SEMENCES 
DE MAIS ENVAHIES PAR SITOPHILUS ORYZAE L. 

par Mme J. CoQUAnD 
Assistante ala Division de la Protection des Vegetaux Centre Technique 

d'Agriculture Tropicale (ORSTOM) Nogent s/Marne (Seine) 

DESCRIPTION DU FOUR 

(Voir Bibliographie I et 2) 

Le four utilise, construit aux fins d'experimentation, est en tole 
d'aluminium et comprend deux parties : 

a) le four proprement dit, equipe de deux batis portant respectivement 
12 et 13 lampes. Ces dernieres sont disposees en quinconce sur les hatis 
dont la hauteur est reglable. 

b) l'etuve, de longueur double ·de celle du four et dont les parois sont 
calorifugees par de la Iaine de verre. · · 

Un tapis en toile metallique, entraine par un moteur, se deplace entre 
les lampes a des vitesses reglables. 

Ainsi COn!YU1 · }'appareil permet de realiser plusieurs types de COm­
binaisons en faisant varier les quantites d'energie distribuee avec le temps 
de passage. · 

Le controle thermique est effectue au moyen d'un thermocouple 
aiguille introduit dans Ia graine et relie a un chariot se deplacant, a l'exterieur, 
parallelement au four et a Ia meme vitesse que le tapis. Les temperatures 
obtenues sont lues sur un galvanometre. Tousles 10 ems, des plots rdies 
a un circuit acoustique permettent de relever la temperature instantanee 
afin de tracer les courbes thermiques. 

ACTION SUR LA FACULTE GERMINATIVE 

Conduite des essais 

a) Stabilisation do four 

Avant traitement, it est necessaire de proceder a une stabilisation 
thermique de l'appareil. Dans ce but, la temperature est controlee sur 
trois thermometres en differents points jusqu'a temperature constante. 

b) Lots 

Chaque essai de 100 graines comprend cinq repetitions et un temoin. 
La semence est etalee en une seule couche sur le tapis metallique. A la 
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sortie du four, elle est aussitot recueillie et mise en germination en boites 
de Petri sur billes de verre dans une etuve appropriee. 

c) Mesures thermiques 

Verification de l'etalonnage du thermocouple avant chaque mesure, 
cette demiere repetee sur plusieurs graines, placees dans les memes con­
ditions de passage, afin d'eliminer les causes d'erreurs. 

La courbe finale est basee sur Ia moyenne de tous les resultats. 

d) Humidite 

Afin de pouvoir etablir une comparaison valable entre chaque essai, 
les graines sont maintenues a une humidite constante. 

e) Controle de Ia germination 

Des }'apparition des premiers germes, on effectue chaque jour un 
comptage methodique des graines traitees et des temoins et ce jusqu'a 
}'apparition des premieres feuilles. 

A noter que les essais ayant donne des resultats satisfaisants sur billes 
de verre sont repetes en pots. 

RESULTATS 

Tout au long des essais, les somences traitees ont ete maintenues a une 
humidite constante de 13%. 

Le tableau ci-dessous resume les resultats obtenus avec des energies 
foumies par cinq lampes de 250 W reparties en un lit de trois et un de 
deux. 

Energie ~lectrique 
Dur~e de (en joules) re~e Perte en eau %de 
passage par Ia semence au d£'le au germination Observations 

dans le four cours du traitement traitement 

1,25" 1,355 o,to% Bs% 

} 
1,4011 1,6ss o,II o/0 Bs% R~ultats 
2,2 , 1,86s 0,14% 84% ~quivalents aux 
2,2411 2,53 0,17% 8r% tc!moins qui ont 

{ 3,04 o,2o% So% germ~ dans les 
3oiO" 3,28 0,22% So% proportions de 

3.78 0,24% 79% 81% 

Le but de ces recherches etant de detruire l'insecte a tous ses stades, 
tout en conservant Ia faculte germinative de la semence, de ces essais ne 
sont retenues, pour Sitophilus (=Calandra) ory::ae L., que les conditions 
correspondant aux energies les plus fortes. 



ACTION SUR SITOPHILUS (=CALANDRA) ORYZAE L. 

Conduite des essais 

Pour la stabilisation du four et mesures thermiques, conduite identique 
a celle utilisee pour la faculte germinative. 

a) Lots 

Chaque essai de xso grs de graines comprend trois repetitions plus un 
temoin. Les graines cont:iminees sont etatees en une seule couche sur le 
tapis roulant. Recueillies a la sortie, elles sont aussitot mises dans des 
flacons en etuve a 27°-so% d'humidite. 

b) Humidite 

La resistance des insectes a la chaleur, variant considerablement chez 
une meme espece, suivant l'humidite, le mais contenant les calandres est 
maintenu a une humidite constante de xs%. . 

c) Evaluation de Ia mortalite 

Au bout de 24 heures on examine les lots traites et les temoins et on 
determine le pourcentage de morts chez les adultes et les larves. 

A noter que chaque grain est vu entierement. 
L'operation est repetee durant les trois jours qui suivent. 
En ce qui conceme les oeufs, on a fait pondre les Sitophilus sur du 

mais sain. Au bout de IO jours, les insectes ont etc enleves et les grains 
contamines soumis aux conditions du four. 

L'evaluation de la mortalite fllt faite un mois apres. 

RESULTATS 

Les tableaux ci-dessous donnent les resultats obtenus avec des energies 
correspondant aux temperatures maxima utilisees pour la faculte germinative 
sur les divers stades de Sitophilus orya::e L. 

a) Adultes 

Energie ~lectrique 
Dur~e de passage (en joules) re~e par %de 

dans le four l'insecte au cours mortalit~ Observations 
du traitement 

J,04 9o,s%· } signes d 'activit~ 
J,to" J,28 96% anormale 

3.78 too% 
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b) Larves 

Energie electrique 
(en joules) re~e par %de 

Duree de passage l'insecte au cours mortalite Observations 
dans le four du traitement 

3,04 88% } larves profonde-
3,1o" 3,28 92% ment attemtes 

3.78 IOO% 

c) Oeufs 

Meme a l'energie maxima (3 j.78}, les oeufs ne sont pas detruits. II 
faut pour cela obtenir une temperature beaucoup plus forte de l'ordre de 8 
joules pour un temps d'exposition de 3' ro". Dans ces conditions, Ia 
faculte germinative est atteinte. 

CONCLUSIONS 

Dans ces conditions, du fait de Ia resistance des pontes, ce procede, 
bien que diminuant le pourcentage de contamination, ne peut cependant 
proteger efficacement un lot de semences de mais. 

Mais il en serait differemment si le mais traite etait destine a l'alimen­
tation. 

En effet, nous pourrions alors, sans difficultes, atteindre l'energie de 
huit joules et dans ce cas assurer Ia destruction totale de Sitoplzilus oryzae L. 
a tous les stades, sans toucher du reste les proprietes organoleptiques de Ia 
denree. · 

Procede d'une installation peu coiiteuse, d'une manipulation nullement 
dangereuse et pouvant etre confie a une main-d'oeuvre plus ou moins 
experimentee. 
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UN NOUVEAU PROCEDE DE LU'ITE CONTRE LES DEPREDATEURS DES 
GRAINS 

Les degats occasionnes par un grand nombre de parasites aux grains 
conserves (froment, orge, mais, riz, haricots, pois, arachides etc.) sont 
enormes, aussi la lutte contre ces depredateurs est-elle indispensable. 

Differents procedes ont ete utilises jusqu'a present. Les traitements 
indirects comme !'aeration, la proprete et la conservation sous temperature 
seche et fraiche, ne sont que des mesures preventives peu efficaces. 

Les traitements directs peuvent etre effectues avec des poudres inertes 
ou insecticides ainsi que par fumigation. 

Les poudres agissent soit par dessication des insectes soit par suite de 
leur toxicite. Cette derniere methode n'est applicable que dans les regions 
a climat sec, elle offre }'inconvenient d'augmenter la teneur en cendres des 
sons. La methode par incorporation de poudre insecticide est plus efficace 
et plus durable mais rencontre par contre }'objection des hygienistes qui 
en interdisent l'emploi dans certains pays par suite des dangers d'intoxica­
tion cumulative, tant pour le travailleur que pour le consommateur. 

L'incorporation de poudre aux grains est relativement aisee et souvent 
efficace, mais seulement sur les parasites qui circulent entre les grains. De 
ce fait ces traitements ne sont egalement que preventifs car ils n'agissent 
pas sur les insectes non encore arrives a un stade mobile et proteges dans 
les grains. 

La technique par fumigation, connue depuis quelques decades est, a 
l'encontre de celle par poudrage, entierement curative, car elle agit sur tous 
les stades des insectes meme enfermes a l'interieur des grains. Actuellement 
on utilise dans ce procede des gaz tels que l'acide cyanhydrique, l'oxyde 
d'ethylene et le bromure de methyl, qui malheureusement laissent des 
residus toxiques pour l'homme et les animaux et exigent pour pouvoir 
etre entierement efficaces des locaux hermetiques de construction speciale 
et couteuse. 

De plus, certains de ces gaz demandent, lors de leur emploi, certaines 
precautions par suite des dangers d'inflammabilite, d'explosivite et de la 
difficulte de diffusion dans la masse. 

Actuellement la firme Degesch a permis de faire un grand pas en 
avant dans la lutte contre ces depredateurs en mettant au point un nouveau 
produit le "phostoxin." D'un emploi simple, sans avoir recours a des 
installations couteuses, sans alteration des proprietes des marchandises 
traitees et sans y apporter des elements nocifs, ce produit permet la destruc­
tion complete des insectes adultes, de leurs larves et de leurs oeufs. 
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En quoi consiste le prod;de nu " phostoxin " ? 

Le " phostoxin " est un insecticide gazeux prt!sente sous forme 
de pastilles. II sert en premier lieu au traitement des grains entreposes en 
vrac et, a fortiori, a ceux emmagasines dans des silos ou dans des installations 
a circuit force. 

L'action insecticide du phostoxin reside dans Ia liberation d'hydrogene 
phosphore gazeux provoquee au contact de l'humidite des grains. La 
decomposition des pastilles debute des leur introduction dans Ia masse 
des grains, le degagement ne commen~ant toutefois qu'apres environ 
une heure. Suivant le degre d'humidite des cereales l'operation sera 
terminee apres un contact de 3-5 jours. Les pastilles se reduisent ainsi 

. en une poudre tres fine, non toxique, qui disparait lors du nettoyage 
des marchandises ; elles sont, comme le gaz lui-meme et les residus, in-
inflammables. . 

Le procede exclut done les mesures de precautions rencontrees 
jusqu'ici, il est entierement et rapidement efficace et n'altere en rien les 
proprietes des marchandises qui peuvent etre traitees sans devoir recourir a 
des manipulations longues et onereuses. 

Composition du " phostoxin " et mode d'nction 

La matiere active du " phostoxin " est constituee par du phosphure 
d'alumine pur et du carbamate d'ammonium. Cette combinaison degage 
simultanement au contact de l'eau~ de l'hydrogene phosphore, de 
l'ammoniac et de l'anhydride carbonique, sous forme d'un melange 
gazeux ininflammable. Or, si l'emploi d'hydrogene phosphore seul ou 
Phosphamine etait deja connu, on craignait surtout son haut . degre 
d'inflammabilite et sa tendance a l'autoinflammation. Avec le" phostoxin" 
ce. danger est done elimine. Un autre inconvenient de l'emploi du 
Phosphamine reside dans Ia rapidite de degagement du gaz toxique qui, lors 
de traitements importants, oblige les usagers a avoir recours a de fortes 
equipes de travailleurs entraines. Avec le "phostoxin" cet inconvenient 
est egalement elimine. En e1fet, ce produit est presente en pastilles dures, 
lisses et comprimees sous tres forte pression. 

L'eau n'y penetrant que tres lentement, elle se desagregent pro­
gressivement et liberent petit a petit l'hydrogene phosphore. Ce n'est 
qu'environ I heure a Ih. 30 apres l'introduction des pastilles dans Ia masse 
des grains que le degagement gazeux atteint une certaine importance. Ce 
laps de temps exclut done tout danger pour l'operateur. 

La rapidite de decomposition des pastilles depend de Ia temperature 
des grains et de leur degre d'humidite. Aussi longtemps que les pastilles 
conservent leur surface dure et lisse, elles ne developpent pratiquement 
aucun gaz. Chaque pastille de 20 mm. de diametre sur 5 mm. d'epaisseur 
pese 3 gr. et libere I gr. d'hydrogene phosphore. Le residu est de 
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l'hydroxyde d'aluminium, absolument inoffensif; fine paudre grisatre, 
cantenant encore une infime quantite de phosphamine (mains de 1% du 
poids initial de Ia pastille, c'est a dire, a Ia plus forte dose, mains de o,6 gramme 
par tonne) qui se decompose de lui-meme Iars des manipulations 
ulterieures. 11 n'est done plus necessaire de s'occuper de !'elimination des 
dechets residuels apres traitement. Meme si, a l'encontre de toutes pre­
visions, le residu devait rester mele aux grains, il a ete prouve par des 
experiences pharmacologiques qu'il ne prt!sente aucun danger au point de 
vue sanitaire. 

Le " phostoxin " tue taus les stades de developpement des insectes 
et permet de Iutter contre n'importe quel depredateur des grains 
emmagasines, qu'il s'agisse de cereales ou de Iegumineuses pour l'alimen­
tation, pour l'industrie brassicole, ou pour les meuneries. 11 ressort d'un 
controle severe aux points de vue capacite et energie germinative, qualite 
de panification et alimentation de betail, poursuivi sur une longue periode, 
que le phostoxin peut etre utilise sans Ia moindre apprehension. Les 
resultats obtenus atteignent les IOO% eta taus les stades de developpement 
dans Ia lutte contre : 

les coleopteres, tels que 

le charan~an du ble (Calandragranaria). 
Ia calandre du riz (Calandra oryzae). 
l'oryzephile (Oryzaephilus surinamensis). 
le tribalium a tete bordee (Laemophloeus-Arten). 
le coleoptere du malt (Trogoderma granarium). 
le capucin du ble (Rhizopertha domenico). 
le tribolium de Ia farine de riz (Tribolium). 
Ia cadelle (Tenebricides mauritanicus). 

les teignes, telles que 

Ia teigne noire des grains (Tinea granella). 
Ia pyrale des fruits sees (Plodia interpunctella). 
Ia pyrale des grains (Ephestia Kiihniella). 
l'alucite des cereales (Sitotroga cerealella). 

les rongeurs, tels que 
rats. 
souris. 

Le " phostoxin " est egalement efficace contre les stades actifs des 
acariens, tels que 

l'acarien tyroglyphe de Ia farine (Tyroglyplnts farinae). 
l'acarien tyrophage des grains (Tyroplzagus dimidiatus). 
l'acarien domestique (Glyciphages domesticus). 
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Conditionnement et conservation 

Les pastilles de cc phostoxin " sont emballees par 30 pieces dans un 
tube en aluminium ferme par un bouchon transparent. Ces tubes a leur 
tour sont contenus dans des boites metalliques hermetiques de 3· 12 ou 30 
pieces. Chaque tube entame doit etre utilise entierement. Une fois une 
boite ouverte, il est conseille de l'utiliser rapidement, toutefois pour en 
permettre un usage un peu plus prolonge celles-ci peuvent etre fermees au 
moyen d'un bouchon en caoutchouc. En ce cas elles seront conservees 
sous clef, dans un local sec et bien aere. Dans leur boite non ouverte ou 
non abimee Ia duree de conservation des pastilles de " phostoxin " 
est pratiquement illimitee. On remarquera parfois un gonflement des 
boites, celui-ci est du a Ia dilatation du gaz avertisseur sous !'action de Ia 
temperature ; cela n'influence en rien ni l'efficacite, m Ia bonne con­
servation du " phostoxin ". 

Mode d'emploi 
Le nombre de pastilles de " phostoxin " necessaire pour atteindre 

une efficacite de 100% varie de 10 a 20 par tonne, suivant Je mode 
de stockage des grains et le genre d'insecte a combattre. Ainsi en silo 
hermetiquement ferme on n'en utilisera que 10, sur grenier ou en en'trepot 
relativement hermetique ce nombre sera porte a 15 et s'il s'agit de grains 
ensaches et conserves en entrepot ouvert en plein air il atteindra les 20 

pastilles. Ces quantites sont celles exigees pour Ia destruction de tous les 
stades du charanr;on du biC, le plus resistant a l'hydrogene phosphore; 
pour le Tribolium du riz et l'Oryzephile, qui sont les deux depredateurs les 
plus sensibles, Ia dose peut etre facilement reduite des trois quarts surtout 
si l'on se contente d'endiguer !'infestation existante; contre tous les autres 
depredateurs les doses indiquees seront reduites d'un quart. 

Afin d'atteindre le maximum d'efficacite, les pastilles " phostoxin " 
devront etre reparties uniformement dans Ia masse. Ce point devra bien 
etre observe car l'humidite necessaire, empruntee aux grains pour liberer le 
phosphamine, pourrait parfois etre insuffisante si l'on repartissait les 
pastilles par poquet. De plus, Ia dispersion de nombreux petits foyers 
garantit une meilleure et plus rapide penetration du gaz a travers toute Ia 
masse. 

Pour atteindre ce but, lors de Ia disinfection de grains deja emmagasines 
sous grenier, en entrepots, silos ou alleges, on a tout avantage a niveler, au 
prealable, la couche superieure. Cette precaution facilitera !'estimation 
du cubage a traiter ainsi que le traitement proprement dit. 

Connaissant, par les longueur, largeur et hauteur moyenne du stock, le 
volume des grains a traiter et en multipliant ce demier par dix fois le poids 
a l'hectolitre des marchandises, on connait le poids en tonnes; celui-ci 
est alors encore multiplie par 10,15 ou 20 suivant Ia dose choisie et le 
resultatfinal donne le nombre total des pastilles necessaires pourtraiter le stock. 
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Pour introduire les pastilles dans la masse, on utilise une sonde se 
composant.d'une tete munie d'un compteur, d'une manette de dosage et. 
d'un embout dans lequel on introduit le tube rempli de pastilles. Sur la 
face inferieure de la tete, on fi.xe par un raccord les allonges necessaires qui 
se vissent l'une a l'autre. Enfin, sur la derniere allonge on attache un tube 
a clapet dont 1' extremite a ete sciee obliquement. Grace a ce systeme, 
apres avoir enfonce la sonde dans les grains a la profondeur voulue et en 
la retirant ensuite de quelques centimetres, le clapet s'ouvre et libere la 
pastille qu'on aura fait descendre par la manette. 

Connaissant le nombre total de pastilles a utiliser et la fa~on de les 
introduire dans la masse, i1 est necessaire, pour assurer toujours une bonne 
repartition, de calculer l'intervalle a respecter entre deux liberations de 
pastilles lors des retraits successifs de la sonde. A noter toutefois que, queUe 
que soit la hauteur de la couche de grains, la sonde doit etre introduite a 
deux reprises par metre Carre. 

En principe, le traitement doit etre acheve en une heure de temps ; 
pour cela i1 est necessaire de prevoir le nombre voulu de sondes. A titre 
indicatif, I 50 tonnes de cereales peuvent etre facilement traitees au moyen 
de 2 sondes en une heure de temps. 

Ces donnees connues, et apres avoir obture toutes les ouvertures 
importantes dont on n'aura plus besoin, le traitement peut debuter. 

L'ouverture des boites se fera a l'air libre et a l'abri d'humidite ou 
d'eau. Avant d'enlever completement le couvercle, on laissera echapper 
d'abord le gaz avertisseur en evitant dele respirer. Les tubes seront alors 
repartis sur toute la surface de la superficie a traiter aux endroits prevus ; 
its serviront ainsi de points de repere et seront a portee de la main de 
l'operateur. Une fois cela acheve en enfonce aussi profondement que 
possible la sonde, le clapet ferme, au premier endroit marque. Apres 
l'avoir retiree de quelques centimetres, on agit sur la manette du compteur 
pour faire glisser une pastille et en retire la sonde progressivement on 
agissant de meme a intervalles reguliers. 

Si !'operation n'etait pas achevee dans l'heure prevue et si l'on 
sentait l'odeur caracteristique du carbure, on devra interrompre le travail. 
11 pourra toutefois etre continue, sans consequences facheuses, deux jours 
plus tard, mais apres une bonne aeration du local. Afin de pouvoir 
travailler pendant plus longtemps, on peut egalement recouvrir les grains 
avec des baches, au fur et a mesure de la progression du traitement. 

Apres avoir termine le traitement, toutes les ouvertures restantes 
seront calfeutrees et l'entree du local sera interdite (avertissement sur les 
portes). De cette .fa~on le phosphamine, bien qu'il soit plus lourd que 
l'air, remplit au bout de quelque temps la partie libre des locaux et la 
concentration de gaz est assez importante pour y detruire les depredateurs 
meme caches dans les poutres. 

La duree de contact sera de 3 a 5 jours suivant la temperature des 
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grains, qui aura ete mesuree avant Ie traitment; par 12-15o le contact 
. durera 5 jours; par 16-20° : 4 jours et par plus de 20° : au moins 3 jours. 
Dans Ies magasins mal fermes ou a toiture en mauvais etat, il sera avantageux, 
une fois Ie traitement termine, de recouvrir les grains avec des baches, 
surtout si Ie cubage total du local est 3 fois egal a celui occupe par Ia 
marchandise. Dans Ies alleges, on recouvrira soigneusement Ies grains par 
des baches et Ies panneaux de ferrneture. Les bateaux ne seront rehabites 
qu'apres Ia fin de Ia duree de contact et apres une aeration complete. 

Pour les silos ou alleges en cours de remplissage mecanique on pro­
cedera a Ia desinfection soit ati moyen d'un distributeur automatique, soit 
au moyen de Ia sonde. On introduira celle-ci a travers un trou fore dans Ia 
canalisation d'entree ou dans le couvercle du silo, de far;:on a pouvoir, par un 
mouvement rotatif, repartir uniformement les pastilles. La cadence 
d'introduction de celles-ci est a calculer d'apres Ia vitesse de remplissage. 

Une fois terrninee Ia duree de contact prevue, Ies grains traites au 
" phostoxin " peuvent rester tels quels jusqu'a leur utilisation. Aucune 
manipulation immediate n'est necessaire et leurs qualites ne seront en 
rien influencees par les residus. 

Lors des manipulations ulterieures, Ia poussiere presente dans les 
grains peut encore contenir une infime partie de phosphure d'alumine qui 
pourrait, au contact des organes respiratoires, degager de l'hydrogene 
phosphore et incommoder le personnel. Aussi est-il recommande de ne 
pas manipuler les grains a Ia main et de travailler sous aeration ventilee .. 

PRECAUTIONS A PRENDRE 

Le phosphamine est un gaz toxique, non seulement pour les insectes, 
mais aussi pour tous les etres a sang chaud. Toute inhalation, meme en 
petite quantite, doit etre evitee. 

Le danger d'intoxication au moyen du " phostoxin " d'autre part, 
est particulierement reduit du fait que toutle monde reconnait immediate­
ment l'odeur caracteristique du carbure qui se degage aux moindres traces 
d'hydrogene phosphore. 

De plus, ce danger n'est pas a craindre du fait que Ia formation des gaz 
ne commence qu'une heure apres l'ouverture de l'emballage des pastilles. 
II est done evident qu'un traitement acheve en ce laps de temps peut etre 
effectue sans protection de masque. · 

L'hydrogene phosphore est egalement tres volatile. De ce fait, apres 
Ia duree de contact prevue, Ia concentration en gaz, dans Ies Iocaux ferrnes 
plus ou moins herrnetiquement, est pratiquement nulle. Quoiqu'il en soit, 
et pour toute Securite, iJ faut aerer Jes Jocaux par COUrant d'air pendant I a 2 

heures avant d 'en permettre I' entree et, pendant Ies manipulations ulterieures, 
il y a lieu d'ouvrir toutes les ouvertures. Tous les locaux directement 
avoisinants doivent etre laisses ouverts et aeres pendant Ia duree de contact. 
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On detendra d'y stationner de fa~on prolongee tant pendant le traitement, 
que pendant les 24 heures qui suivent !'operation. 

Lors des traitements, enfin, i1 est conseille de pouvoir disposer a 
proximite d'un masque, de fa~on a pouvoir s'en couvrir en cas de necessite. 

11 sera egalement m!cessaire· de s'en couvrir lors qu'on ouvrira les 
locaux. 

REFERENCES 

Signalons que le " phostoxin " est inscrit par le Service Biologique 
des Recherches Scientifiques de l'Etat de Brunswick sur la liste officielle 
des produits pour la lutte contre les depredateurs des. cereales, alors que 
Ia legislation allemande actuelle pour la desinsectisation des cereales 
panifiables est des plus severe. 

Des controles et essais ont ete effectues par l'Institut d'Entomologie 
de l'Etat a Gembloux sous diverses conditions de temperature (5-32°) et 
de modes de stockage allant des cellules de silos parfaitement hermetiques 
jusqu'aux depots sur aires (couches de grains de I m. d'epaisseur) avec 
recouvrement de Mches. Une etude detaillee et elogieuse a paru ace sujet 
dans Ia revue " Parasitica " (Tome XII N° 2, 1956) qui conclut que le 
" phostoxin ... a donne dans tous les essais des n!sultats concordants et 
que ce procede presente le grand avantage" 'd'etre utilisable dans de nom­
breuses circonstances dans lesquelles aucune methode d'intervention 
pratique ne pouvait etre recommandee : silo ordinaire, allege, emmaga­
sinage en vrac sur aire, etc." 

Ce produit est utilise de fa~on courante en Allemagne, Belgique, 
Grece, Yougoslavie, Turquie, Afrique du Sud, Australie, etc .... ou i1 
donne entiere satisfaction. 

Signalons enfin que le " phostoxin " peut aussi rendre de grands 
services dans la lutte contre les depr~dateurs des viandes conservees, des 
fromages, du malt, du tabac, sans en alterer les qualites, ainsi que lors de 
la desinfection de locaux vides. 
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Siege Social: 
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B.P. 291. Tel. s8o. 

Siege Administratif: 

SAINT-TROND (Del~ique) 
Place de Ia Gare, 6r. Tel: 72.281 

& 72.997 

Prix-courant 

"PHOSTOXIN" (Tarif douanier congolais: 38.12.90 actuellement sans 
droits d'entree). 

Emballnge: boites hermetiques de 30 tubes de 30 pastilles. 
de 12 tubes de 30 pastilles. 
de 3 tubes de 30 pastilles. 

Quantite de Pri.'l: par tube de 30 pastilles 
tubes de 30 FOD Depart nos depats 

Emballages maritimes pastilles Anvers au Congo 

Caisse de 4 boites de 30 tubes et 6 boites de 
12 tubes .. .. .. .. .. 192 6J,OO 68,oo 
-Poids brut: 33 Kg. 

Caisse de I 5 boites de I2 tubes .. .. r8o 6s,oo 70,00 
-Poids brut: 32 Kg. 
Caisse de 6o boites de 3 tubes .. .. r8o 66,oo 71,00 
-Poids brut: 30 Kg. 
Boites de 30 tubes .. .. .. .. 30 - 75,00 
Boites de 12 tubes .. .. .. .. I2 - 78,oo 
Boite de 3 tubes .. .. .. .. 3 - 82,00 

"ACCESSOIRES" (Tarif douanier congolais: 84.59.8o actuellement s% 
,de droits d'entree). · 

Sonde complete (piece de tete avec comp­
teur et poignees, I tube intermediaire de 
Imso- I tube terminal de Imso avec 
clapet • • • • 

Piece de tete avec compteur 
Poignees 
Tube intermediaire, de Imso 
Tube terminal avec clapet, de Imso .• 
Couvercle en caoutchouc o I 52 mm, pour les 

boites de 30 tubes •• 
Couvercle en caoutchouc o 99 mm, pour les 
boites de 12 tubes • • • • • • • • 

FOD Anvers 1 Rendu nos dc!pllts au Congo 

2.220,­
I.300,­
s6s,­
I4s,-
210,-

so,-
45.-

2,510,-
1,475,-

640,-
165,-
240,-

s6,-
52,-



PEST INFESTATION LABORATORY, D.S.I.R. 

By G. v. B. HERFORD 

The Pest Infestation Laboratory, chiefly through its Colonial Liaison 
Officer, maintains close contact with British Colonial Territories in the 
field of stored products entomology. I am glad, too, to be able to report 
that the Laboratory is in touch with entomologists working in this field 
in French and Portuguese territories. I hope that one outcome of the 
Conference may be a strengthening of these links. 

The following notes have been grouped, for convenience of discussion, 
under three headings, namely Research, Developments in Practice and 
Outstanding Problems. It is realised that this sort of subdivision is artificial, 
in that today's outstanding problems provide the research items for to­
morrow, and, it is to be hoped, recent items of research will be, or may 
already have become, new developments in practice. It is hoped that the 
notes will form a basis for discussion. · 

RECENT RESEARCH ITEl\IS 

I. Air-tight storage for preserving grain 

Research in Africa and in the U.K. has been undertaken during the 
past few years to explore the suitabUity of this method for storing grain 
safely and cheaply for long periods, e.g., as a famine reserve. The present 
position has been summarised in a Bulletin ( 1) prepared by the Pest 
Infestation Laboratory and published by H.M. Stationery Office. A few 
copies will be available at the Conference. 

2. Vacuum Fumigation 

Recent work (2, 3), which has involved the measurement of fumigation 
concentrations from within the commodity during fumigation, has shown 
that by a slight modification of existing techniques, and with no significant 
alterations of plant, a marked improvement in the effectiveness of the 
fumigation can be achieved. 

Briefly, the process now recommended is to introduce the dose of 
fumigant, unmixed with air, into the evacuated chamber, and, after a 
period of some 3 hours, to admit air to atmospheric pressure. 

This causes an immediate and striking rise in gas concentration in the 
centre of the commodity, which is exploited by continuing the fumigation 
for a further period, say of 6-10 hours. 

K 
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3. Insecticidal resins 
Research work, largely undertaken in the Ministry of Supply, has 

resulted in the development of insecticidal resins, that is to say, synthetic 
resins, usually of the urea-formaldehyde type incorporating an insecticide 
such as dieldrin or lindane. These resins have been found to be highly 
efficient for the control of ants, cockroaches, etc. Their particular advant­
ages are their very long toxic life, and their ability to withstand washing 
and rubbing without loss of toxicity. 

4· Estimation of grain moisture content 
Work at the Pest Infestation Laboratory has resulted in the production 

of a very rapid and reasonably accurate field method for measuring grain 
moisture content. The instrument, which is now co.mmercially available, 
measures the resistance to a high voltage current passing between the 
prongs of a probe thrust into the commodity. The current is produced by a 
" Megger " incorporated in the instrument, which is thus independent of 
batteries or mains voltage. Its principal advantage over other methods lies 
in the elimination of sampling error, by making the measurements actually 
in the commodity. One of the instruments will be available for demon­
stration at the Conference. 

1\IAJOR DEVELOPI\IENTS IN PRACTICE 

I. General-Appointment of Specialist staff 

Many British territories have engaged qualified staff who are wholly 
or mainly concerned with food storage and infestation problems : 

Kenya 3 
Uganda I 

Rhodesian Federation I 

Nigeria 8 
Gold Coast I 

Sierra Leone 
Gambia 
Trinidad .. 
Jamaica 
British Guiana 

I 

I 

I 

I (probably) 
I 

In addition, the formation of a pool of stored products entomologists 
has received sympathetic consideration in the U.K. The members of the 
pool would be attached to the Pest Infestation Laboratory and would 
be available to visit Colonial territories for the investigation of specific 
problems. 

2. Application of chemical control methods 

(a) Recommendations have been made and circulated to Colonial 
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territories for a code of practice in relation to the application of contact 
insecticides, e.g., as dusts, to foodstuffs. The tolerance limits for D.D.T. 
and Lindane, which are now widely accepted, are 7 p.p.m. and 2·5 p.p.m. 
respectively. These figures refer to the amounts of insecticide not to be 
exceeded in foodstuff at the time of consumption. It has been proposed 
that where there is reason to expect that the initial dose of insecticide will 
be reduced, by volatilisation, dilution, or cleaning, this initial dosage may 
exceed 'the tolerance figure by an amount not exceeding the expected 
reduction (see below). · 

(b) Lindane dust has been used experimentally with great success 
for the protection of maize on the cob in Kenya. The cobs were stored in 
cribs and application was at the rate of up to zoo p.p.m. Mter shelling, 
the highest residual contamination of the maize was 2·5 p.p.n. 

Lindane dust is now being applied to maize cobs at IO p.p.m. on a 
wide scale in Kenya, and a very high degree of protection against insect 
attack is being achieved. 

(c) Lindane dust was also applied experimentally in Gambia to 
groundnuts before mechanical decortication, at rates up to So p.p.m. 
Mter decortication the contamination of the shelled nuts was only o·6 
p.p.m. Lindane dust is now being successfully used on a wide scale for the 
protection of undecorticated Gambian groundnuts against the Bruchid 
beetle, Caryedonfuscus. 

(d) Fumigation of bagged foodstuJTs under gas-proof sheets. Very large 
tonnages of bagged grain have been and are being fumigated with Methyl 
Bromide under gas-proof sheets in Eastern and Central Africa. In Nigeria 
pyramids of bagged decorticated groundnuts are similarly treated for the 
control of Trogoderma granan'um. 

Although there is still room for improvement, especially in the fumi­
gation of very large stacks, this method has been proved to be thoroughly 
practical, and, when undertaken by experienced operators, is capable of 
giving a high degree of control. 

(e) Fumigation of silo bins. It is generally realised that grain in silo 
bins can best be disinfested by circulatory fumigation with Methyl Bromide. 
Recent experience, however, has shown that for successful application of 
this method the construction of the silo bins, ducting, etc., must be of 
first-class quality. 

OUTSTANDING PROBLEMS 

I. Toxic liCe of contact insecticides 

Recent work (in press) in Nigeria has shown how very greatly the toxic 
life of lindane deposits can be reduced by exposure to tropical conditions 
from what one expects in temperate climates. Consi~erably more in-
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vestigation is needed, to elucidate which factors, heat, light ultra violet 
light-are responsible, and to look for possible substitutes. 

As alternative to chemical insecticides, certain inert mineral dusts are 
worth consideration ; these kill by desiccation of the insect, and are 
accordingly most effective at low atmospheric humidities. On theoretical 
grounds they should be highly efficient in a dry tropical climate, though 
there may well be difficulties attendant on their use in practice. 

2. Fumigation 

(i) Although the fumigation of foodstuffs under gas-proof sheets is 
now widely practised, the distribution of fumigant in very large stacks 
still requires further investigation. Also more work is required to select 
the most durable type of sheeting for use in tropical conditions. 

(ii) The fumigation of large bulks of grain stored in warehouses or 
godowns has proved exceptionally difficult in Britain, using Methyl 
Bromide. Phosphine has been recommended for such storage conditions ; 
it would be valuable to hear members' experience with this fumigant. 

3· Storage 

AIR-TIGHT STORAGE 

There seems little doubt that the storage of grain in gas-tight structures, 
above or below ground, may go far to solve the problem of long term 
reserves in certain countries. To what extent can other commodities be 
usefully stored in this way ? 

Is it possible to provide the benefits of air-tight storage for bagged 
commodities by enclosing stacks in a gas-proof membrane, e.g., perhaps 
of roofing felt or some laminated plastic sheet combining oxygen-tightness 
with resistance to weathering ? 

COCOA STORES 

Much thought is being given to designing the most suitable type of 
store for cocoa. Factors to be taken into consideration include : 

(i) The need to prevent water uptake by the cocoa when stored in a 
humid locality. 

(ii) Provision for fumigation of infested parcels. 
(iii) Minimal risk of infestation from insects living in the fabric of 

the store. 

It is suggested that (i) ventilation must be controllable, with a possible 
advantage to be gained by providing forced ventilation through individual 
stacks of cocoa. 
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(ii) That air-conditioning may be economically possible in large port 
stores; if the cocoa could be stored at 55° F. and at a low atmospheric 
humidity, the development of insects and moulds would be practically 
stopped. 

(iii) That up-country stores should be made of corrugated metal, 
to ensure that walls and roof are raised daily to temperatures lethal to 
insects. This will prevent residual populations of insects from becoming 
established in the fabric of the building. 

SPECIAL CONTAINERS, e.g., LINED SACKS 

There are many advantages to be gained from the use of lined sacks, 
if these can be guaranteed insect proof. In some cases, impermeability to 
water vapour would be desirable, e.g., to prevent uptake of moisture by 
previously dried products, but in others it would be a drawback, as when 
some drying out is to be expected in the sack. 

The effect on trade practices is also important, e.g., spear sampling 
would not be possible, and hooks could not be used. 

The advantages would have to be weighed against the increased cost 
of the lined sack. 

The impregnation of sacks with an insecticide also offers many 
apparent advantages, and work on this has been undertaken at the Pest 
Infestation Laboratory. It has been shown that an appropriate level of 
impregnation with D.D.T. is effective in preventing insect penetration, 
but that at this level contamination of the foodstuffs, especially those finely 
divided or with a high fat content, is so high as to prohibit the use of this 
insecticide. 

More recent work, using pyrethrum synergised with piperonyl 
butoxide, suggests that the duration of effective11ess, especially when exposed 
to light, is too short to make the process useful in practice. 

The basic idea, however, is sufficiently attractive to warrant further 
research, perhaps with repellants rather than actual insecticides. 

ACQUIRED RESISTANCE OF INSECTS TO INSECTICIDES 

Up to the present, there have been no reported instances of stored 
products pests having acquired an increased resistance to insecticides or 
fumigants in any degree comparable to that shown by houseflies, and 
mosquitos in many parts of the world. This is probably due, in part at 
least, to the fact that insecticides have not yet been used on the same 
lavish scale as they often are for fly control. Nevertheless, the use of 
insecticides for storage insect control is now rapidly increasing, and already 
specimens of Tribolium castaneum from Kenya have been shown 12 times 
more resistant to lindane than are normal British stocks. 
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CONTRIBUTION A LA PROTECTION DES DENREES ALDIENTAIRES 
PAR LA DERATISATION ET LA DESINSECTISATION DES NA YIRES 

par MICHEL DENIS 

Service Technique Outre-Mer et Sante Publique 
Societe Pechiney-Progil (France) 

Au cours de l'annee 1955, nous avons ete amenes a participer a une 
operation temoin, destinee a prouver 1 'efficacite de la methode de deratisation 
et de desinsectisation pennanente susceptible de remplacer la deratisation 
semestrielle dans le domaine maritime, sur une unite de la Compagnie 
Paquet, le s.s. Djenne. 

Bien qu'il s'agisse d'une technique sante publique, visant a !'eradication 
des rongeurs et a la destruction de puces commensales, pouvant transmettre 
des maladies infectieuses, i1 nous a semble qu'il y avait interet a porter 
certains elements de cette technique a la connaissance des specialistes du 
C.S.A., car ils seraient susceptibles d'etre pris en consideration en meme 
temps que le probleme de la protection des denrees. 

Cette operation a fait l'objet de la publication d'une plaquette, fin 
1955, sous la signature de M. Bonnefoi, specialiste des questions raticides.• 

SOMMAIRE 

Cette communication rapporte !'interet de la methode de deratisation 
et de desinsectisation simultanees des bateaux comparativement aux traite­
ments habituels de ceux-ci par l'acide cyanhydrique. Cette technique 
preconisee en Sante Publique est valable dans le domaine de la protection 
des denrees au cours de leur transport sur mer puisqu'elle vise a !'eradication 
pennanente des rats et des insectes du bord: 

La methode est fondee sur l'emploi des anticoagulants, (a base de 
Coumafene), et des insecticides de synthese (lindane). Elle a ete 
experimentee sur le s.s. Djenne au cours d'un essai controte officiellement 
pendant plusieurs mois. 

Un memento pratique d'application de cette technique precise l'emploi 
des raticides et insecticides : 

- 2.8oo kg. d'un appat a base de Coumafene par cale; maniere 
t . d'appr:ovisionner les postes, de disposer les appats, de controler le traite­

ment. 
-insecticides ; lindane en emulsion a raison de 6o g. de lindane par 

xo litres d'eau pour traitement des parois. Possibilite d'emploi d'autres 
insecticides. 

La necessite de la lutte contre les rongeurs et parasites, est reconnue 
de tous, puisqu'elle a ete sanctionnee par des reglements internationaux. 

• Centre Technique Antiparasitaire et de D~ratisation, :zs, rue Lesueur, PARIS (16°}. 
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Cependant, le traitement a l'acide Cyanhydrique, de pratique courante, 
ne repond pas entierement aux criteres essentiels de qualite : 

- efficacite reelle et constante, 
- innocuite pour l'homme et les animaux, 
- conservation des denrees et des materiaux, 
- facilite d'application, 
- economie de prix de revient. 

II est inutile d'insister sur les sujetions que les traitements gazeux 
imposent aux navires. Aussi on mesure }'interet de }'application sur ceux-ci 
des principes de lutte fondes sur l'emploi des precedes specifiques de 
destruction des rats et des insectes, emploi maintenant courant dans les 
locaux de stockage a terre. Ces precedes remplissent les criteres de qualite 
mentionnes plus haut, et nous estirnons qu'apres }'experience officielle 
entreprise a ce propos sur le s.s. Djenne, Ia methode de deratisation et de 
desinsectisation simultanees est au point et susceptible de generalisation. 

Cette deratisation repose sur l'emploi d'anticoagulants, et la desin­
sectisation sur celui des insecticides modernes de synthese. Les modalites 
d'application ont ete adaptees a la conformation et aux servitudes particu­
lieres a un navire. 

L'experience du Djennt!, controlee officiellement pendant plusieurs 
mois, s'est poursuivie jusqu'a maintenant, la methode de deratisation et de 
desinsectisation ayant ete jugee Ia plus pratique et la plus rentable. En 
effet, Ia deratisation permanente et une desinsectisation serieuse basee sur 
8 traitements annuels, revient a environ 6o.ooo francs fran~ais par an pour 
un navire comme le Djmne (8.700 tonnes). 

Si l'on tient compte par ailleurs des benefices resultant de la sup­
pression de l'immobilisation et de l'obligation de debarquer le personnel 
de bard, il est de toute evidence que les traitements specifiques combines 
constituent un progres considerable sur }'utilisation du gaz cyanhydrique, 
tant du point de vue technique que sur le plan economique et pratique, 
et ceci d'autant plus que le gaz cyanhydrique n'a pas d'action remanente 
et n'empeche pas la reinfestation a breve echeance. 

Nous proposons done, concernant la deratisation et la desinsectisation 
des bateaux, le memento pratique suivant. 

DERATISATION 
Technique 

Produit utilise : Poudre a o,s% de Coumafene, melangee a du ble 
sature d'une huile minerale, speciale. Le produit est formule de maniere 
ace que }'absorption d'une seule dose normale soit martelle pour un rat. 

II faut disposer les pastes partout ou peuvent sejourner les rats en 
procedant de proche en proche, d'un bout a l'autre du navire et de babord 
a tribord, pour etre sur de ne negliger aucun endroit. 
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Les pastes seront numerates et disposes de long des parois. 
Comme il est souhaitable de detruire en un temps tres court tous les 

rongeurs, il faut evidemment adapter les quantites d'appat a l'importance 
de la population murine du bord. Ce facteur fondammental de reussite 
implique la verification des appats et le renouvellement des quantites 
consommees jusqu'a l'arret total des consommations qui indique le terme 
des operations. 

Approvisionnement des postes 
Dans le cas particulier des navires, il est pratiquement impossible de 

verifier journellement les appats places a fond de cale ou dans les faux­
pants. Cette difficulte a ete tournee en disposant des pastes plus importants 
representant en puissance la destruction d'un nombre de rats superieur 
aux previsions d'infestations les plus massives. 

C'est ainsi que sur le Djenne, l'unite d'appatage a ete de 7oo g. par 
paste. Chaque cale a re~u quatre pastes disposes dans chaque coin, soit 
un total de z.8oo kg. par cale d'un raticide specialement prepare pour 
conserver indefiniment son efficacite, malgre la chaleur et l'humidite, 
et dose de telle fa~on que la dose minimum martelle se trouve dans I ,20 g. 
d'appllt. Cette quantite representerait done en puissance la destruction de 
plus de 2.ooo rats. Mais comme le rat consomme habituellement IS a 20 g. 
par jour, soit douze a seize fois la dose minimum Iethale et qu'il aura la 
force de s'alimenter au mains pendant deuxjours, 2,8oo kg. ne representent 
pratiquement qu'un potentiel de destruction de 70 rats environ par cale. 

11 est bien evident qu'une invasion subite de 70 rats par cale est 
absolument improbable ; par contre, en raison de l'extraordinaire capacite 
de proliferation de ces animaux, une population d'une trentaine de rats 
pourrait facilement engendrer deux ou trois cents individus en quatre 
ou cinq mois, c'est-a-dire entre deux deratisations semestrielles. 

L'interet majeur de la methode de prevention permanente est juste­
ment d'interdire une telle pullulation, puisque les pastes definitifs assurent 
la destruction systematique des rongeurs au fur et a mesure de leur arrivee. 
Connaissant la consommation normale d'un rat (40 a so g.), ce procCde 
presente aussi l'avantage de permettre d'apprecier ala fois !'importance des 
invasions de rats, et celle de leur destruction· meme si l'on ne retrouve 
qu'une faible partie des cadayres. 

Completement vides de leur sang, les rats tues se dessechent rapide­
ment. 

Disposition rationnelle des appats 
Pour eviter la perte de produit et permettre aux rongeurs d'acceder 

facilement aux appats, ceux-ci soot disposes sous abris metalliques trans­
portables. U n modete permettant de placer les appats a fond de cale et 
d'entasser par dessus des tonnes de marchandises a ete mis au point. 
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ContrOle du trnitement 

Le controle des postes doit se faire chaque fois que les cates sont vides 
et en principe chaque fois que les abris metalliques sont accessibles, de 
fas:on a maintenir en permanence l'approvisionnement initial. 

Les quantites consommees sont remplacees par une quantite egale 
mais si les appats sont par trop souilles, il convient de les renouveler 
integralement. 

Une fiche de conduite des operations est etablie. On y mentionne les 
postes touches, les quantites consommees. Les postes renouveles doivent 
rester rapidement intacts si !'operation est bien menee. L'absence de 
consommation, en effet, est un element d'appreciation de Ia reussite du 
traitement mais celle-ci doit etre confirmee par Ia disparition absolue 
des traces et !'absence de depredation sur les denrees consommables et les 
materiaux. 

Toxicite 

La concentration en matiere active de l'appat est telle qu'il n'y a 
aucun danger d'intoxication acCidentelle ou criminelle pour l'homme; 
Ia meme assurance ne saurait etre donnee pour les poudres d'epandage sur 
les pistes. Ni les chiens, ni les chats ne mangent ordinairement le bte. Les 
dangers d'intoxication pour un chat consisterait dans Ia consommation, en 
deux ou trois jours, d'une vingtaine de cadavres et de 40 ou so pour un 
chien de poids moyen. Ces eventualites sent logiquement irrealisables. 

DESINSECTISATION 

Produit utilise et dose 

Emulsion a 120 g./litre de lindane employe a Ia dose de ! litre pour 
10 litres d'eau. 

En meme temps que Ia pose des appats raticides, on applique }'emulsion 
de lindane sur les parois a !'aide d'un pulverisateur a pression prealable. 
On peut aussi pratiquer par fumigation a l'aide de comprimes de lindane. 

L'application d'insecticide met le navire a l'abri des insectes ailes, 
parasites des denrees conservees ou des moustiques, mooches, cafards, 
ainsi que de tous les ectoparasites du rat qui s'echappent du pelage apres 
Ia mort de leur hate. Seton les cas, des bouillies a base de Malathion ou 
d'un melange de lindane et Malathion, peuvent etre preconisees pour Ia 
desinsectisation ; on peut aussi avoir recours a des poudrages. 

On voit que le schema rapporte ici est tres souple et susceptible de 
modifications, en fonction des parasites, des considerations du moment 
ou locales. 
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Toxicite 

Que ce soit en pulverisation ou en fumigation, le lindane est inoffensif 
pour l'homme et les animaux et ne necessite par consequent aucune 
precaution particuliere d'emploi. 11 en est de meme pour le Malathion. 

Nous pensons avoir mis en evidence dans cet expose l'interet que Ia 
methode de deratisation et de desinsectisation simultanee presente, non 
seulement en Sante Publique (cadre de }'experience du Djenn{), mais 
aussi pour Ia protection des denrees lors de leur transport. 

Nous estimons que cette technique permet d'assurer d'une maniere 
radicale Ia protection des bateaux dans l'un et l'autre de ces deux domaines . 
et nous en souhaitons une diffusion dont se portent garants les resultats 
obtenus ace jour. 

. .. 



CONTRIBUTION A UN AV ANT-PROJET DE LEGISLATION 
SUR LA DESINSECTISATION DES VIVRES 

par E. J. BUYCKX 

Chef de la Division de Phytopathologic et d'Entomologie agricole, Institut 
National pour l'Etude Agronomique du Congo beige. 

Au Congo beige, le probleme de Ia conservation des produits vivriers 
reside dans la necessite de proteger les graines et les farines contre les 
moisissures, les rongeurs et les insectes. S'il est relativement aise d'eviter 
les moisissures et les depredations des rongeurs par un sechage et un 
entreposage dans des recipients ou des locaux adequats, il est par contre 
difficile d'eliminer les insectes ou de prevenir leurs degilts. Le recours a 
des insecticides qui sont melanges intimement aux graines se revele indis­
pensable. La toxicite de ces produits varie selon leur nature. Sauf 
quelques-uns qui sont tres dangereux pour l'homme, Ia plupart ne presente 
qu'une faible toxicite, bien que certains, s'eliminant difficilement, puissent 
s'accumuler dans l'organisme. Par ingestion repetee Ia quantite de produit 
toxique augmente dans certains organes au point d'atteindre des doses qui 
peuvent provoquer des lesions serieuses. Il faut done etre tres prudent 
dans le choix des insecticides a recommander pour la conservation des 
grames. 

Si }'elimination des insecticides gazeux ne presente generalement pas 
de difficultes, vu la chaleur du climat congolais, il n'en est.plus de meme 
pour les poudres dont on ne voit d'ailleurs pas de traces dans Ia farine. Or Ia 
plupart des graines sont consommees apres mouture. La necessite de 
proteger le consommateur par une reglementation en la matiere s'impose 
done imperieusement. 

Les legislations des Etats-Unis et de Ia plupart des nations europeennes, 
y compris Ia Belgique, sont quasi unanimes et formelles au sujet "des 
traitements insecticides : elles ne tolerent Ia presence d'aucun residu de 
quelque produit phytopharmaceutique que ce soit dans les farines. Seules 
les legislations fran~aises et allemandes admettent des residus du lindane. 

Quant au traitement des graines de cereales et de Iegumineuses, il 
n'existe generalement pas de prescriptions legales mais bien des avis et 
conseils emanant de stations agricoles et de laboratoires officiels. Ces 
conseils se resument comme suit : il y a lieu de donner Ia preference aux 
traitements par fumigation qui, }'operation terminee, ne laissent plus 
aucune trace des produits employes. A defaut, on peut utiliser des insec­
ticides a base de pyrethre et de ses stabilisateurs et dans certains cas, s'il n'y 
a vraiment pas d'autres moyens, on tolere les preparations a base d'isomere 
gamma (lindane) de l'hexachlorocyclohexane a des doses bien determinees, 
en recommandant d'eliminer ]'insecticide avant de mettre Ia denree en 
vente. 
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Les prescriptions legales, va:lables actuellement dans Ia plupart des 
pays, interdisent de vendre et de recommander l'application de specialites 
de lutte antiparasitaire sur des produits agricoles destines ~ !'alimentation 
humaine, s'il n'est pas prouve, soit qu'ils ne laissent aucun residu sur les 
vivres, soit que ces residus ne sont pas nuisibles a la sante. Des limites de 
tolerances bien definies sont fixees pour les residus, elles ne peuvent etre 
depassees.· 

Si on considere les pertes elevees enregistrees au Congo beige dans la 
conservation des produits vivriers, pertes qui sont dues, d'une part, au fait 
que les greniers et les lieux d'entreposage ne permettent pas le maintien de 
bonnes conditions sanitaires ni Ia pratique de Ia fumigation et, d'autre part, 
au climat qui favorise la multiplication intense des depredateurs, il parait 
indispensable de fournir aux agriculteurs et commer~ants un moyen de 
lutte efficace ne necessitant qu'un materiel d'application simple. II ne 
faut pas perdre de vue que la population n'est pas familiarisee avec l'emploi 
d'insecticides. 

Comme produits de desinsectisation des denrees, les insecticides 
gazeux qui ne laissent aucune trace apres le traitement viennent en tete. 
Parmi ceux-ci, le plus interessant par son efficacite et son application 
relativement facile, est le bromure de methyle. L'emploi d'autres 
insecticides gazeux qui conviennent egalement reclame des appareils 
couteux et dont le maniement est complique. 

Pour nous guider dans le choix des insecticides liquides ou en poudre 
convenant pour proteger les grains, nous avons pris comme reference 
!'ensemble des propositions de Ia U.S. Food and Drug Administration, 
publiees le 20 octobre 1954, concernant les limites de tolerance pour les 
divers insecticides. 

Pour certains produits, aucune tolerance n'est admise, c'est-a-dire que 
les fruits, etc., traites ne doivent contenir aucune trace du produit. Pour 
d' autres, parmi lesquels le pyrethre, le rotenone et leurs produits synergiques, 
aucune limite de tolerance n'est imposee. 

Parmi les quatre premiers produits, methoxychlore (14 ppm), lindane 
(10 ppm), D.D.T. et D.D.D. (7 ppm), seulle lindane presenteune activite 
insecticide suffisante a Ia concentration de o,OOI %- Le methoxychlore 
n'est pas assez efficace et le D.D.T. doit etre utilise a Ia dose de o,oos a 
0 001 %, soit a une concentration de 50 a 100 ppm. 

II parait inutile de souligner que les propositions de Ia F.D.A. n'ont 
ete publiees qu'apres examen approfondi de toutes les donnees du probleme, 
en particulier de celles ayant trait a son aspect toxicologique. Ces limites 
de tolerance, aux termes de }'ordonnance, ne s'appliquent qu'aux fruits et 
aux legumes frais et lors de leur etablissement on s'est base sur I' experience, 
en tenant compte du pourcentage de fruits et de legumes dans }'alimentation 
totale. Ces indications valables pour les U.S.A., ne peuvent done etre 
prises en consideration que sous certaines reserves dans d'autres pays dont 
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Ia population se nourrit de fa~on differente. Les graines des cereales et des 
legumineuses, les farines qui en derivent et Ia farine de manioc entrent pour 
une grande proportion dans !'alimentation de Ia population congolaise. 
Pourtant, on doit egalement noter que les limites de tolerance indiquees ne 
sont pas celles qui peuvent encore etre supportees a Ia rigueur sans dam­
mage, mais qu'elles comprennent deja une marge de securite habituelle­
ment de l'ordre de IOO fois la dose limite reelle. 

Nous pensons done que, malgre cette remarque restrictive, la pro­
tection des graines a l'aide du lindane peut etre recommandee. D'ailleurs, 
!'insecticide est elimine dans une forte proportion lors de la preparation des 
aliments (lavage et cuisson). 

En conclusion, parmi les poudres insecticides, seules peuvent etre 
admises la poudre de pyrethre et celle a base de lindane. Comme insecticide 
liquide, Ie pyrethre nature! ou syntbetique et son produit synergique, le 
butoxyde de piperonyl, peuvent etre utilises. 

Quant aux farines, il y a lieu d'etre plus severe, car !'insecticide y est 
invisible et tres difficile a eliminer. 

En France, la desinsectisation des produits recoltes (grains de cereales 
et de Iegumineuses) peut etre effect~ee par des specialites a base de lindane, 
a raison de 5 g au maximum d'insecticide par I ,ooo kg de grains. " Toutes 
precautions doivent etre prises pour que le melange soit homogene et pour 
que la farine obtenue contienne moins d'un millionieme de lindane" 
(article I abrogeant et rempla~ant !'article 3 de l'arrete du 26 fevrier I947)· 
En Allemagne, la limite de tolerance actuellement admise pour le lindane 
dans les farines serait de 2,5 ppm. 

L'elimination de la poudre insecticide a base de lindane ne presente 
pas un gros probleme. Soit par un procede puissant de souffiage ou 
d'aspiration, soit par lavage pour de faibles quantitees, on peut enlever la 
plus grande partie de !'insecticide avant la mouture, de fa~on a obtenir une 
farine qui ne tombe pas dans la categorie des produits alimentaires im­
propres a la consommation. On peut egalement diminuer la concentration 
de lindane en melangeant avec une farine provenant de grains non-traites. 

Recommendations 
Nous proposons done de recommander les insecticides suivants pour 

la protection contre les insectes et pour la desinsectisation des graines 
destinees a }'alimentation humaine : 

I. par fumigation- tout insecticide gazeux a condition qu'il ne 
laisse aucun residu ni n'altere les proprietes nutritives des graines ; en 
particulier, le bromure de methyle, par fumigation ala pression atmosphe­
rique en enceinte fermee, a la dose de IOO centimetres cubes par metre cube 
d'espace clos ou par fumigation sous vide partiel dans des installations 
con~ues pour ces operations ; 

2. par enrobage -la poudre de pyrethre dosant au minimum I ,3% 
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de pyrethrines totales a Ia dose de o,s% ; le lindane (isomere gamma de 
l'hexachlorocyclohexane) a une dose ne depassant pas IO pp. Par exemple 
o,I% d' une poudre insecticide contenant I% d'isomeregamma,a !'exclusion 
des autres isomeres. 

3. par vaporisation - les preparations a base de pyrethre nature} ou 
synthetique et de butoxyde de piperonyl. 

Par grains i1 faut entendre les fruits murs des cereales (mais, riz, 
sorgho, mil, eleusine, coix, froment, seigle, orge, avoine), des legumineuses . 
(arachides, soja, pois, haricots, feves, feveroles, lentilles) et du sesame. 

En proposant de limiter a quelques produits phytopharmaceutiques 
Ia pratique de Ia desinsectisation par melange aux vivres, on vise a eviter Ia 
presence dans les aliments de substances nuisibles a Ia sante. On rejoint, 
ici sur le plan Iegislatif, Ia notion de produit alimentaire impropre a la 
consommation. 

D'apres les legislations nord-americaines et europeennes, un produit 
alimentaire doit etre considere comme impropre a Ia consommation lorsqu'il 
peut etre nuisible a Ia sante ou s'il contient des impuretes, meme s'il est 
prouve qu'elles ne sont pas nocives. 

Une denree alimentaire sera rept#e nuisible a Ia sante dans les cas 
suivants: 

(i) quand elle peut provoquer un empoisonnement ou tout autre 
trouble ou bien quand en raison de son etat de deterioration ou de 
malproprete, de sa mauvaise preparation, ou de quelque autre 
circonstance analogue, elle doit etre consideree comme inadequate 
ou impropre a Ia consommation humaine ; 

(ii) quand on a quelque motif valable de penser qu'elle risque de 
propager une maladie, notamment du fait qu'une personne atteinte 
d'une maladie infectieuse ou un porteur de germes de contagion 
a participe a sa preparation. 

En visant Ia protection du consommateur congolais aussi bien que celle 
du consommateur europeen, on peut repartir les principales denrees 
alimentaires d'usage courant au Congo beige en trois categories : 

- Ies graines, 
- Ies farines et les denrees alimentaires qui en derivent, 
- Ies fruits, poissons et viandes seches, 

et appliquer a chacune de ces categories Ia notion de produit alimentaire 
impropre a la consommation. Le controle des viandes et poisons seches 
relevant des services veterinaires, cette question n'est pas envisagee ici. 

U ne reglementation de Ia vente des grains, des farines et leurs derives 
ainsi que des fruits seches devrait inclure Ies prescriptions suivantes. 

Sont consideres comme substances alimentaires nuisibles : 
I.- Les grains de cereales et de legumineuses qui sont alteres, moisis 

ou charan~onnes dans une proportion qui depasse s%. 
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2. - Les grains non debarrasses autant que possible de toutes matieres 
terreuses (pierres, sable) et de tous produits nuisibles ou sans valeur 
nutritive tels que matieres vegetales veneneuses, poils ou excrements de 
rongeurs, insectes et autres parasites, leurs excrements, leurs depouilles, 
leurs larves. La totalite des impuretes ou de matieres etrangeres ne peut 
depasser 2%. 

3·- Les grains qui contiennent des residus de produits phyto­
pharmaceutiques tels que fongicides, insecticides etc., a !'exception du 
pyrethre nature! ou synthetique, du butoxyde de piperonyl et du lindane. 

4· - Les grains contenant un residu de lindane depassant la con­
centration de dix parties par million. 

5. -Par grains, i1 faut com prendre les fruits murs du mais, du riz, du 
froment, du seigle, de l'avoine, de l'orge, du sorgho, du mil, de l'eleusine, 
de l'arachide, du soja, des pois, des haricots, du sesame, des feves, des 
feveroles et des lentilles. 

6. - Les farines auxquelles ont ete ajoutees, en si minime proportion 
que ce puisse etre, une matiere minerale ou un insecticide. 

7·- Les farines qui ont ete preparees a partir: 

(i) de grains non debarrasses autant que possible de toutes matieres 
terreuses (pierres, sable) et de tous produits nuisibles ou sans valeur 
nutritive tels que matieres vegetales veneneuses, poils ou excre­
ments de rongeurs, insectes et autres parasites, leurs excrements, 
leurs depouilles, leurs larves: des grains dont la totalite des im­
puretes ou de matieres etrangeres depasse 2%. 

(ii) de grains alteres ou avaries, par exemple : des grains moisis, 
charan~onnes, ou atteints d'ergot, etc., 

(iii) de grains contenant des residus de produits phytopharmaceutiques 
tels que fongicides, insecticides etc., a !'exception du pyrethre 
naturel ou synthetique, du butoxyde de piperonyl et du lindane. 
Toutes les precautions ~oivent etre prises pour que la farine 
obtenue a partir de grains enrobes au lindane ne contienne pas plus 
d'un millionieme de cet insecticide. 

8. - Les denrees alimentaires derives de farines alterees ou avariees, 
soit qu'elles degagent une odeur anormale, soit qu'elles soient moisies, soit 
qu'elles soient endommagees par des insectes, soit qu'elles contiennent des 
insectes et autres parasites, leurs excrements, leurs depouilles ou leurs 
larves. 

9· - Les fruits seches alteres ou avaries, soit qu'ils soient moisis, soit 
qu'ils soient endommages par des insectes, soit qu'ils contiennent des 
insectes et autres parasites, leurs excrements, leurs depouilles ou leurs 
larves. 

L 
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Contributory Remarks with regard to Draft Legislation on the Disinfection of 
Foodstuffs 

SUMMARY 

Grain storage conditions in the Belgian Congo allow for rapid and 
heavy infection through insects. 

In view of the severe losses, it appeared necessary to recommend 
positive control methods, which at the same time meant health protection 
against harmful residues. 
· According to the draft, grain sold for consumption should not co_ntain 
more than s% of damaged grain. 

Total impurities should not exceed 2%. Only residues of natural or 
synthetic pyrethrin of piperonyl butoxide and of lindane should be tolerated ; 
the lindane residue should not be higher than xo p.p.m. 

Flour impurities should not exceed 2% and no residue other than 
natural or synthetic pyrethrins, piperonyl butoxide or lindane (not more 
than I p.p.m.) should be found. 



LISTE DES INSECTES DES DENREES TROuvES AU CONGO BELGE 

par J. DECELLE 

Assistant a la Division de Phytopathologie et d'Entomologie agricole 
Institut National pour l'Etude Agronomique du Congo beige 

Cleridae 
Necrobia rufipes De G. 
Necrobia violacea ~. 

Trogositidae ( =Ostomatidae) 
Trogosita mauritanica ~. 
Lophocateres pusillus Klug. 

Dermestidae 

Coleoptera 

Dermestes cadaverinus F. (=ater De G.) 
Dermestes vulpinus F. (=maculatus De G.) 

Bostrychidae 
Rhizopertha dominica F. 
Dinoderus minutus F. 
Dinodents bifoveolatrts Woll. 

Anobiidae 
Lasioderma serricorne F. 

Nitidulidae 
Carpophilus hemipterus ~. 
Carpophilus dimidiatus F. 
Carpophilrts humeralis F. 

Cucujidae 
Oryzaeplzilus surinamensis var. mercator Fauvel. 
Alzasverus advena Walt. 
Laemophloerts Jerruginerts Steph. 
Laemophloeus minutus 01. ( =pusillus SchOenh.) 
Laemophloerts turdcus Grouv. 
Laemophloeus janeti Grouv. 
Cathartus quadricellis Guer. 

Tenebrionidae 
Gnathocerus maxillosus F. 
Latheticus oryzae Waterh. 
Tribolium castaneum Herbst! (=ferrugineum F.) 
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Tribolium confusum jacq. Duv. 
Alphitobius diaperinus Panz. 
Alphitobius laevigatus F. 

Bruclzidae 
Acantlzoscelides obtectus Say. 
Callosobruclzus phaseoli Gyll. 
Callosobruchus maculatus F. 
Callosobruchus chinensis L. 
Zabrotes subfasciatus Boh. (trouve en un seul exemplaire) 

Antlzribidae 
Araecerus fasciculatus De G. 

Curculionidae 
Sitophilus (Calandra) oryzae L. 

Tineidae 
Setomorpha rutella Zell. 

Gelechiidae 
Sitotroga cerealella Ol. 

Cosmopterygidae 
Pyroderces risbeci Ghesq. 

Pyralidae 
Plodia interpunctella Hbn. 

Phycitidae 
Mussidia nigrivenella Rag. 
Ephestia elutella Hahn. 
Ephestia cautella Walk. 

Galleriidae 

Lepidoptera 

Corcyra cephalonica Statton. 

Psocoptera 

Ge. sp. du groupe Liposcelis. 

Arachnida 

Uncertain nombre d'acariens s'en prennent aux produits deja alteres 
par les depredateurs primaires. 

Les depredateurs des principales denrees 

Mais 

En champ, les grains miirs sont attaques a peu pres uniquement par 
Mussidia nigrivenella. Sitophilus (Calandra) oryzae ne se trouve en plein 
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champ qu'a proximite des villages et seulement dans les epis mal proteges 
par leurs spathes. Les degats commencent surtout au moment du sechage 
et sont }'oeuvre de Sitophilus oryzae et de Dinoderus minutus, subsidiaire­
ment a quelques teignes. 

Si le sechage est trO.P lent, des moisissures s'installent sur les grains et 
attirent Araecerus fasciculatus. Durant l'entreposage Calandra et Dinoderus 
poursuivent leurs degats dans les grains decortiques et leur population 
s'accroit. Des insectes secondaires (Cucujidae divers et Tribolium) devien­
nent bientot plus nombreux. Puis Trogosita mauritanica apparait. Ensuite 
Ia population de calandres diminue, celle des acariens progresse. 

Si le produit est humide les Alphitobius sont presents. 

Riz 

Dans Ies champs, les grains de riz peuvent deja etre attaques par 
Sitotroga cerealella qui poursuit ses degats sur le paddy conserve en 
panicules. Sur le riz decortique, cet insecte devient plus rare. Le riz 
paddy n'est guere attaque par les Calandres. 

Le processus d'attaque du riz decortique est le meme que celui du 
mais, les degats primaires etant l'oeuvre de Calandra oryzae et de 
Rhizopertlza domitzica. 

Sorgho 

Cette cereale a comme principal destructeur Ia calandre Sitoplzilus 
oryzae. II n'est pas rare qu'au bout de s-6 mois de conservation Ia totalite 
des grains soit attaquee. Les grains alteres sont colonises parIes depredateurs 
secondaires habituels (Cucujidae, notamment Alzasverus surinamensis tres 
frequent, et les Tribolium). 

Arachides 

Les arachides non decortiquees ne sont sujettes aux attaques d'insectes 
que si leur coque est brisee. Par contre, les moisissures peuvent causer 
d'importants degdts. Les arachides decortiquees sont primairement 
attaquees par Ephestia cautella et Tribolium castaneum. Par Ia suite les 
Laemoplzloeus y apparaissent et les psocides s'y multiplient. 

Haricots 

La bruche des haricots, Acantlzoscelides obtectus, constitue Ie principal 
ravageur primaire des haricots qui sont me1ins frequemment attaques par 
les Callosobruclms. 

Autres Iegumineuses 

Les degats aux autres Iegumineuses sont surtout causes par les Cal­
losobruchus chinensis et maculatus. Callosobruchus plzaseo/i n'a ete rencontre 
que sur des doliques au Ruanda. 



RESULTATS D'UNE ENQuETE SUR LA CONSERVATION 
DES DENREES AU CONGO BELGE 

par E. J. BUYCKX et J .· DECELLE 
Chef de Division Assistant 

Division de Phytopathologic et d'Entomologie agricole 
Institut National pour l'Etude Agronomique du Congo belge 

Dans les regions intertropicales, le probleme de la conservation des 
.recoltes et des denrees se pose de fa~on plus aigue que dans les zones tem­
perees pour plusieurs raisons d'ordre physique, biologique et social. 

La principale cause des pertes reside dans !'infestation par les insectes, 
qui trouvent des conditions de vie proches de l'optimum pendant toute 
l'annee. Dans la plupart des cas, les recoltes sont deja infestees sur pied. 

Au Congo belge, surtout dans la zone forestiere equatoriale, les 
conditions defavorables a Ia conservation jouent pleinement et les pertes 
sont parfois importantes. On conviendra qu'il est irrationnel de pousser 
a la production agricole en general et vivriere en particulier, si les moyens 
pour conserver aux produits leur qualite alimentaire ne se developpent pas 
parallelement. 

Aussi, lors de la reunion annuelle du Service de l' Agriculture et de 
l'Ineac. en 1951, il fut decide d'effectuer une enquete generate sur le 
stockage de la production vivriere. au Congo belge afin, d'une part, de 
connaitre les methodes de conservation actuellement pratiquees et d'obtenir 
une estimation des pertes, d'autre part, d'examiner les possibilites d'ameliorer 
les premieres et de reduire les secondes. 

Le Service de !'Agriculture et les Stations de l'Institut furent charges 
de recueillir les informations pour les differentes regions de Ia Colonie ; 
cette documentation fut centralisee et depouillee par la Division de Phyto­
pathologic et d'Entomologie agricole a Yangambi. 

On peut considerer que dans la plupart des cas la production vivriere 
passe, du producteur au consommateur, par trois echelons: le milieu 
indigene, les intermediaires et les transformateurs etjou distributeurs. 

Voici les donnees generales recueillies sur la conservation des produits 
vivriers aux trois echelons. 

CONSERVATION EN 1\IILlliU INDIGENE 

Principes et Methodes 

D'une maniere tres generate, sauf dans l'Est, le paysan congolais 
entrepose tres peu de produits pendant un laps de temps assez long. Tout 
ce qui est destine a la vente est ecoule rapidement aux marches qui suivent 
Ia rentree des recoltes et leur sechage. Cette methode, conseillee depuis 
longtemps par le Service de !'Agriculture, est excellente. On ne peut 
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La desinfection des stocks ·attaques par les insectes est rarement 
realisee par fumigation ; c'est le sulfure de carbone qu'on utilise. 

Les pertes signalees sont des pll!s variables et parfois elevees ; leur 
evacuation n'est pas chiffrable. Les grains ensaches subissent surtout des 
pertes. Les insectes peuvent egalement y faire de gros degats mais 
!'utilisation des insecticides pour Ia protection des sacs permet de reduire 
ces pertes. L'echauffement est a craindre dans le cas de stockage de 
denrees humides, notamment pour le riz dans les silos. Pour Ia meme 
raison, les cassettes de manioc ne peuvent etre conservees pendant de tres 
tongues periodes, sauf en climat sec. 

CONCLUSIONS 

Le probleme de Ia conservation se pose aux differents echelons. La 
portion conservee par Ie producteur pour sa propre consommation et 
comme semences est generalement faible. Si !'indigene exerce une 
surveillance suivie et respecte les quelques principes elementaires de 
conservation qu'il connait, les degats sont de peu d'importance. Dans 
l'Est, pour le sorhgo et les haricots conserves sur une vaste echelle, Ie 
probleme est different et les pertes sont importantes. 

Les intermediaires essayent de garder les produits le moins Iongtemps 
possible chez eux, Ia duree du stockage etant fonction des possibilites 
d'evacuation. 

Chez Ie distributeur et le tranformateur, les quantites stockees sont 
considerables. Certaines entreprises sont parvenues a reduire considerable­
ment les degats. Toutefois Ies pertes globales sont encore elevees. Les 
resultats obtenus dans le Kasai et le Katanga pour le mais destine aux 
grandes regions minieres du Sud sont encourageants: on est parvenu a 
ramener le taux de charan~onnage de zo% a moins de s%. consequence 
directe de !'evacuation rapide du produit du producteur au transformateur 
et des mesures legislative edictees. 

Les pertes subies par les produits vivriers ne peuvent etre estimees 
globalement. 

Comme on vient de le constater, leurs causes sont multiples: Ia 
dessication, les insectes, la pourriture et les rongeurs. Elles varient non 
seulement d'apres la region, le produit, l'annee, mais surtout d'apres Ies 
soins apportes au stockage. Les pertes dues aux insectes sont les plus 
tangibles. Celles dues a la pourriture passent la plupart du temps 
inaper~ues et peu de donnees ont ete recueillies a leur sujet, alors que dans 
de nombreux cas elles sont certainement elevees. Elles proviennent d'une 
recolte tardive ou d'un sechage insuffisant. Les rongeurs causent enorme­
ment de deg~ts surtout chez !'indigene et dans le cas de grains ensaches dans 
des niagasins mal conditionnes. L'arachide en souffre particulierement, on 
signale jusqu'a 40 et so% de pertes. 
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Voici pour les principales plantes alimentaires, une estimation des 
pertes que }'agriculture au Congo beige aurait subies en 1954 et 1955, 
basee sur les statistiques publiees au Bulletin agricole du Congo beige.• 

Production 
Pourcentage 

totale livree au moyen de pertes Perte!> 
Culture commerce (estime) estimees 

Mais .. .. 319.300 79.8oo 10% 32.000 
320.700 81.000 32.000 

Riz (paddy) .. 179·200 103.700 s% 8.soo 
198.100 128.300 

Arachides .. 187-400 47-400 15% 27.000 
175·300 55·700 26.ooo 

Pois et haricots •• 6g.8oo 16.900 10% 6.900 
76.170 22.000 7.6oo 

Froment .. 4·100 1.700 inferieur 100 
3·930 x.Soo as% 100 

Autres .. 40.100 2.200 surerieur 2.000? 
cereales •• .. 37·420 3.8oo s% 2.000? 
Quantites en 

tonnes 

• D.A.C.D., XLVIII, 3, annexe. 



PROTECTION DE L'ARACHIDE AU SENEGAL CONTRE LES 
INSECTES NmsffiLES 

par J. APPERT 

Entomologiste au Centre de Recherches Agronomiques de Bambey 
(Senegal) 

Le Senegal est caracterise du point de vue climatologique par une 
s;tison des pluies (de juin a novembre) qui est la peri ode des cultures et une 
saison seche et chaude sans aucune precipitation (de novembre a juin) durant 
laquelle le sol n'est pas cultive (exception faite des zones de decrue du 
fleuve Senegal et des cultures maraicheres de la presqu'ile du Cap Vert). 
La presque totalite des champs est ensemencee en arachide et en mil et 
sorgho. Ces produits recoltes sont stockes soit pour la vente, soit pour la 
consommation, soit pour constituer les semences de la prochaine campagne.· 

L'arachide constitue la principale production agricole (704.000 hectares 
en 1955 avec une production commercialisee de 54o.ooo tonnes). 

Les arachides en coque et decortiquees sont attaquees par un certain 
nombre d'insectes nuisibles. 

Thysanoures : Lepismatines : · 

lsopteres : Termitides : 
Embiopteres : Embiides : 
Coleopteres : Anobiides 

Bruchides : · 

Cucujides: 
Dermestides : 
Nitidulides : 
Tenebrionides : 

Ostomatides 
Lepidopteres : Pyralides 

Phycitides : 
Heteropteres : Lygaeides : 

Lepisma sacc/zarina L: 
Thermobia domestica Pack. 
Termites divers. 
Embia vayssierei Navas. 
Lasioderma serricorne F. 
Caryedon fuscus Goeze 
( =Pachymerus cassiae Gylh.). 
Oryzaephilus mercator Fauv. 
Attagenus sp. 
Carpophilus dimidiatus F. 
Alphitobius piceus 01. 
Homala polita Sol. 
Tlzalpophila abbreviata F. 
Tribolium castaneum Hbst. 
Tribolium confuswn Duv. 
Tenebroides mauritanicus L. 
Corcyra ceplzalonica Staint. 
Ephestia cautella Walk. 

· Aphanus sordidus Fabr. 
Aphanus apicalis Dall. 
Dieuches armipes F. 
Dieuches patruelis Stahl. 
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Parmi toutes ces especes, seules Ia Bruche (Caryedmz fuscus) et les 
Lygaeides (Aplzanus spp. et Dieuches spp.) provoquent des degats sensibles 
et justifient une intervention phytosanitaire. 

Methodes de stockage. 
Bien que certains paysans conservent leurs semences sous forme 

decortiquees dans des poteries, le plus souvent les arachides sont stockees 
en coque aussi bien par les commers;ants que par les Societes de Prevoyance. 
La Bruche est la seule espece a attaquer exclusivement l'arachide non 
decortiquee dont la gousse est indemne (non fendue, exempte de trous de 
termites). La conservation sous cette forme permet done de se proteger 
de toutes les autres especes. Malheureusement, il semble que la Bruche 
est, a elle seule, plus dangereuse que tous les autres insectes nuisibles a 
l'arachide decortiquee et il apparaitrait plus logique de conserver l'arachide 
en sac sous forme decortiquee, ce qui permettrait non seulement une 
protection totale contre la Bruche, mais un gain de place, une manipulation 
plus aisee et un controle du stock plus facile. Quoiqu'il en soit, a l'heure 
actuelle les arachides sont conservees en vrac sous forme d'immenses tas 
soit a l'interieur de magasins en totes, soit en plein air (" seccos "). 

La Bruche de l'arachide. 
Caryedon fuscus se rencontre au Senegal, en Gambie, Soudan, Haute­

Volta, Dahomey, Niger, Nigeria, Tchad. Elle se reproduit egalement dans 
les fruits du tamarinier mais peut se multiplier uniquement sur arachide. 
L'adulte ne se nourrit pas, n'a nul besoin d'eau et ne provoque pas de 
degats. Agee de 2 jours la femelle commence a pondre ; les oeufs deposes 
sur la coque donnent naissance au bout de 8 a I 5 jours a une larve qui 
penetre a l'interieur de la graine et s'attaque immediatement aux amandes. 
A son complet developpement, la larve qui a devore Ia graine en presque 
totalite, decoupe dans la coque un trou circulaire. La nymphose a lieu 
dans la graine au niveau de cet orifice qui est alors opercule ou a l'exterieur 
entre deux gousses. 

Une generation d'adulte a adulte dure environ 2 mois. La forme 
larvaire peut persister longtemps a l'interieur du cocon et l'espece peut 
ainsi facilement survivre dans les lieux de stockage d'une recolte a l'autre. 
La longevite de l'adulte est tres variable. Certains individus meurent le 
lendemain de leur eclosion alors que d'autres survivent un mois. La 
plupart des adultes vivent environ 8 jours ; les femelles meurent presque 
aussitot la fin de la ponte. L'activite est surtout nocturne, l'adulte 
recherche l'obscurite. 

L'accouplement se produit quelques heures apres l'eclosion et la 
ponte debute 36 a 48 heures apres. II n'y a pas de localisation particuliere 
de l'oeuf sur Ia gousse si ce n'est que celui-ci est generalement depose dans 
les depressions de la coque. La duree du cycle est d'autant plus breve que 
Ia temperature et le degre hygrometrique de l'air sont plus cleves. 
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demander actuellement au Congolais de stocker des quantites importantes 
de vivres et de les garder en bon etat, il n'en a generalement niles moyens 
ni les connaissances techniques suffisantes. La base de sa nourriture est 
en effet le manioc dont Ia recolte peut s'etendre sur toute l'annee. Les 
autres produits ne sont guere consommes que pendant Ia recolte ou peu de 
temps apres. Les semences constituent le plus souvent les seuls stocks. 

Dans l'Est, Ia situation est differente ; le stockage dti sorgho, de 
l'eleusine et des haricots s'y fait sur une vaste echelle et pendant une 
periode depassant parfois une annee. 

Les methodes de stockage actuelles en milieu indigene sont derivees 
des vieilles methodes ancestrales. Les moyens mis en oeuvre pour assurer 
une bonne conservation sont : le sechage, Ia protection contre l'humidite, Ia 
fumigation par enfumage, la realisation de !'enceinte fermee (acces mecani­
quement interdit aux depredateurs) et enfin le melange de cendres de bois et 
parfois de poudre de pyrethre aux graines. 

Les produits se conservent le plus souvent dans leur enveloppe 
naturelle de protection: le mais reste en epi muni de ses spathes, l'arachide 
en coque, le sorgho et l'eleusine en panicule, le riz sous forme de paddy. 

Le sechage s'effectue au solei!, plus rarement au-dessus d'un feu ; 
dans les regions humides, ou pendant Ia saison des pluies, il est rarement 
suffisant. La protection contre l'humidite est assuree avec plus ou moins 
de succes par le stockage sous toit, dans des greniers acres ou les produits 
se trouvent isoles du sol, a l'abri des pluies. L'entretien d'un feu sous les 
greniers ou le stockage dans les cases au-dessus des foyers est une methode 
tres generale et fort repandue, car Ia fumee degagee ecarte les insectes. 
Ce moyen tres efficace presente malheureusement le desavantage d'affecter 
Ia valeur des produits qui sont pour ainsi dire fumes, quoique l'indigene 
ne considere pas toujours ce fait comme depreciateur. 

On empeche mecaniquement l'acces des depredateurs, rongeurs et 
insectes, par divers dispositifs, allant de l'emballage dans de simples ballots 
d'herbes seches a Ia touque a essence usagee de 2oo litres, en passant par les 
paniers finement tresses, les cylindres d'ecorce, les poteries diverses et 
les greniers-silos. A !'exception du fllt metallique, une telle realisation du 
principe de !'enceinte fermee est rarement efficace, elle necessite des 
inspections frequentes pour controler l'etat de siccite et reparer les degats 
causes par les rats. Elle assure neanmoins un certain degre de protection. 
II nous parait superflu d'insister sur le fait que ce genre de stockage n'est 
satisfaisant que pour des produits convenablement seches. 

La pratique de melanger des cendres de bois aux graines de haricot 
et de sorgho est surtout repandue dans l'Est du Congo beige. 

Cette technique donne des resultats divers, elle semble quand meme 
offrir une protection relative. Par endroits (au Ruanda-Urundi), les 
indigenes conseilles par l'Europeen utilisent avec succes Ia poudre de 
pyrethre. 
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Les produits sont done generalement conserves dans Ies cases au­
dessus des feux, plus rarement dans des constructions speciales. 11 n'y a 
guere que dans l'Est que l'on rencontre couramment de vastes greniers 
indigenes destines surtout au sorgho, parfois au mais dans d'autres regions. 
Ces greniers consistent en un grand panier monte sur pilotis et recouvert 
par un toit amovible servant de porte. Ce panier est parfois calfeutre a l'aide 
de boue sechee. . 

Le Service de !'Agriculture tente de propager le systeme du gardien­
nage communal des semences pour assurer Ia conservation de Ia quantite 
necessaire aux emblavures. Le type de grenier communal generalement 
conseille (type Franquin) s'inspire des methodes indigenes de conservation. 
Les semences sont mises en panier dans des greniers a claire voie montes 
sur pilotis, sous lesquels on entretient un feu. Les resultats obtenus sont 
satisfaisants, seuls les rongeurs y occasionnent des degats. 

LES MODES DE CONSERVATION DES DIVERS PRODUITS 

Le Mnis 

Generalement, le mais est conserve en epi entoure des spathes. Le 
plus frequemment, on l'entrepose dans les cases au-dessus des foyers, 
parfois, dans des greniers sur pilotis. Chez certaines peuplades, les epis 
sont simplement pendus a des branchages et a des cordes tendues entre 
deux piquets. S'il est conserve en grain, on utilise comme recipient le 
fiit metallique. 

Les pertes par charan~onnage varient fortement. Le pourcentage de 
grains charan~onnes oscille generalement autour de xo% mais peut 
s'elever a 25% et plus dans le cas de stockage sans feu. Les pertes par 
pourriture seche ne sont pas negligeables, mais le plus souvent e11es passent 
inaper~ues. Dans le Kasai, le mais vendu par les indigenes peu de temps 
apres Ia recolte est faiblement charan~onne, par contre le pourcentage de 
grains pourris peut atteindre zo% en moyenne, soit 5 a 6% de pertes en 
poids. 

LeRiz 

Ce produit stocke sous forme de paddy ne subit qu'exceptionne11ement 
des degats d'insectes. Par contre, l'echauffement est a craindre en cas de 
sechage insuffisant. Le paddy est conserve surtout en paniers, plus rare­
ment en vrac ou dans des poteries. 

Le Sorgho 

Surtout cultivee dans l'Est et dans les regions a saison seche prolongee, 
cette cereale est le plus generalement stockee en panicules dans des greniers 
sur pilotis. E11e est tres attaquee par les insectes ; apres un an de stockage, 
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le pourcentage de grains charan~onnes atteint souvent so a 7S%· Les 
petites quantites sont conservees dans des poteries ou dans des bottes 
d'herbes seches. On peut estimer en moyenne que les insectes detruisent 
20 a 2s%de Ia recolte. 

L'Elensine 

La conservation de cette cereale est aisee. On peut Ia garder intacte, 
deux ou trois ans, dans des greniers silos ou dans des poteries. 

L'Arachide 

En milieu indigene, l'arachide est toujours conservee en coque ; elle 
est ainsi plus ou moins a l'abri des insectes. Les rats sont les principaux 
depredateurs de cet oleagineux, aussi Ia conservation se fait generalement 
dans des paniers suspendus, des tonnelets d'ecorce, des poteries ou des 
fiits metalliques. Les pertes par pourriture, consecutives a un mauvais 
sechage ou a une reprise d'humidite, sont importantes dans certaines 
regions particulU:rement humides. Les pertes globales sont de l'ordre 
de IS%· 

Le Haricot 

C'est la culture de base des regions orientales. La n!colte est quelquefois 
~aissee en gousses et conservee ainsi en vrac ou en ballots entoures d'herbage 
sec mais, en regie generate, le haricot est decortique. Les petites quantites 
sont stockees dans des calebasses et des poteries, tandis que les volumes plus 
importants sont mis en paniers dans les cases ou dans des greniers sur 
pilotis. Les degats sont eleves : le pourcentage de graines bruchees 
s'eleve en moyenne a 2o%. Pour reduire ces degats !'indigene melange 
parfois des cendres ou du sable aux graines. Cette methode donne quelques 
resultats mais n'assure pas une protection totale. Au Ruanda, l'usage de la 
poudre de pyrethre et le stockage en touques se repandent. 

Le 1\lanioc 

Le manioc est generalement recolte, roui et prepare au fur et a mesure 
des besoins. La quantite de racines ou de cassettes sechees et fumees, 
conservees au-dessus des foyers dans les cases est minime ; cette reserve 
alimentaire est consommee apres quelques jours. Les cassettes destinees 
a Ia vente sont frequemment mal sechees, mais elles restent peu de temps 
chez !'indigene. · 

Dans quelques regions, le producteur est dans l'obligation de conserver 
cette denree pendant une periode assez longue. On enregistre alors des 
degats dus aux rongeurs et aux insectes. La farine de manioc est rarement 
produite par les indigenes. Dans l'Equateur, on signale la fabrication de 
tapioca destine a Ia vente. 
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LA PARTIE COMMERCIALISEE DE LA RECOLTE 

Les produits destines a Ia vente ne sont stockes que temporairement par 
le paysan congolais. Generalement, i1 croit dans son interet de secher 
incompletement afin d'augmenter le poids de Ia recolte vendue. Jusqu'au 
jour du marche ces produits sont d'habitude conserves dans des paniers, 
ou dans des greniers, ou encore dans des sacs distribues par l'acheteur. 
On enregistre peu de pertes, mais c'est generalement ace moment que le 
produit est contamine, s'il n'a pas deja ete infeste en champ. Partout, 
le mais est decortique au moment de la vente, les arachides le sont egalement 
dans le Kasai et le Katanga, plus rarement ailleurs. 

L'ENTREPOSAGE CHEZ LES INTERMEDIAIRES 

Par intermediaire, nous envisageons principalement ici, les commer~ants 
et les entreprises qui achetent les produits vivriers a !'indigene pour les 
ecouler soit vers les distributeurs, gros employeurs de main-d'oeuvre, soit 
vers les transformateurs. Les magasins des Cooperatives et des Paysannats 
sont done a ranger dans cette categorie. Les produits achetes dans les 
villages par les intermediaires sont le plus souvent stockes ensaches, plus 
rarement en vrac, dans des magasins de brousse sommairement construits 
en materiaux locaux ; parfois, le mais, les arachides et les haricots sont 
conserves en touques. Ils sont ensuite evacues des que possible vers les 
magasins centraux des intermediaires ou, en general, ils ne font que transiter. 
L'acheteur n'ignore pas qu'il a avantage a ecouler les denrees le plus 
rapidement possible. 

Les magasins des intermediaires sont de types tres variables. Ceux de 
brousse sont des plus primitifs, les sacs y sont souvent laisses a meme le 
sol ou parfois a peine abrites. Si le stockage se prolonge quelque peu dans 
de telles conditions, les degats deviennent rapidement considerables. Les 
magasins centraux sont mieux construits. De plus en plus on trouve des 
bfttiments en briques, ciment et toit de toles avec aire cimentee. En outre, 
les sacs sont ranges sur un plancher sureleve. 

Dans les provinces du Kasai et du Katanga, des arretes reglementent 
les types de magasins autorises. Ils doivent etre appropries a leur utilisation, 
bien aeres, leur pavement doit etre sureleve d'au moins IS em par rapport 
au sol environnant. Au Katanga, le long des grandes voies de communi­
cation, l'aire cfes magasins importants doit etre cimentee. En outre, les 
produits des differentes recoltes doivent etre separes, les magasins desin­
sectises avant tout nouvel entreposage et les sacs de reemploi desinfectes. 
Au Kasai, en plus, les periodes d'achat du mais sont determinees et il est 
defendu de stocker du mais pendant lontemps ailleurs que dans des silos. 
Certains intermediaires protegent leurs denrees par poudrage exterieur des 
sacs avec des poudres a base de D.D.T. ou de lindane. Parfois les sacs sont 
traites par trempage dans des suspensions ou emulsions des memes produits. 
Le mais et les haricots sont quelquefois additionnes de D.D.T. et de 
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pyrethre, plus rarement de lindane. Les resultats de cette pratique sont 
variables, le dosage convenable et Ie melange parfait etant difficile a 
realiser. 

En conclusion, les intermediares essayent de garder les produits Ie 
moins longtemps possible chez eux; si Ies moyens d'evacuation le permettent 
le stockage ne depasse pas un mois. Aussi constate-t-on peu de dommages. 
Si le stockage se prolonge, les degats dus aux rongeurs et aux insectes 
deviennent importants et il peut y avoir echauffement et pourriture surtout 
dans les magasins de brousse mal conditionnes. Par contre, dans Ia zone 
du rail, grosse productrice de mais pour le Katanga et Ie Bas-Congo, 
}'evacuation de cette cereale est rapide et les degats dus aux insectes 
minimes. 

LE STOCKAGE CHEZ LES DISTRffiUTEURS ET/OU 
LES TRANSFORMATEURS 

Les intermediaires centralisateurs doivent etre consideres a cet 
echelon. 

Ce sont eux qui stockent le plus longtemps de grosses quantites, 
c'est chez eux que le problems de Ia conservation est le plus ardu car ils 
re~oivent souvent une marchandise deja contaminee. Le stockage s'y fait 
le plus generalement en sacs, plus rarement en vrac. 

Les magasins sont d'habitude en materiaux definitifs avec aire cimentee. 
Au Katanga et au Kasai, ils doivent repondre aux desiderata exprimes dans 
Ia legislation locale deja signalee plus haut. Les sacs sont generalement 
empiles avec ordre et isoles du sol. Quelques entreprises traitent avec 
succes leurs sacs au moyen d'insecticides (D.D.T. et lindane). Les 
magasins eux-memes sont parfois desinsectises. Le principe de }'enceinte 
fermee est egalement applique. 11 faut, dans cet ordre d'idee, signaler 
}'utilisation de touques, de bacs silos en bois et. beton et de vrais silos en 
bois, beton ou metal. Les fUts metalliques conviennent parfaitement dans 
certaines petites entreprises qui ne traitent que des quantites peu impor­
tantes. Les bacs sont surtout utilises pour le riz paddy, plus rarement pour 
le mais, parfois pour les cossettes de manioc. 

Des silos en bois servent au Maniema a stocker le paddy. Les silos 
metalliques et en beton que l'on rencontre dans quelques grandes en­
treprises servent uniquement au mais. Ces installations sont parfois tres 
mecanisees et comprennent des depoussiereurs, mais un systeme de 
traitement a l'air chauffe est rarement prevu. · 

Certains entreposeurs melangent aux graines des poudres de D.D.T., 
d'isomere gamma de l'H.C.H. ou de pyrethre. Les doses utilisees sont de 
soo g de pyrethre pour 1oo kg. de graines, ou de so a too g de D.D.T. a 
to% ou de lindane I%. Les resultats de ces techniques sont variables mais 
generalement satisfaisants. 



LES PRODUITS ALIMENTAIRES EMMAGASINES 171 

La desinfection des stocks ·attaques par les insectes est rarement 
realisee par fumigation ; c'est le sulfure de carbone qu'on utilise. 

Les pertes signalees sont des pll!s variables et parfois elevees ; leur 
evacuation n'est pas chiffrable. Les grains ensaches subissent surtout des 
pertes. Les insectes peuvent egalement y faire de gros degats mais 
!'utilisation des insecticides pour Ia protection des sacs permet de reduire 
ces pertes. L'echauffement est a craindre dans le cas de stockage de 
denrees humides, notamment pour le riz dans les silos. Pour Ia meme 
raison, les cassettes de manioc ne peuvent etre conservees pendant de tres 
tongues periodes, sauf en climat sec. 

CONCLUSIONS 

Le probleme de Ia conservation se pose aux differents echelons. La 
portion conservee par Ie producteur pour sa propre consommation et 
comme semences est generalement faible. Si !'indigene exerce une 
surveillance suivie et respecte les quelques principes elementaires de 
conservation qu'il connait, les degats sont de peu d'importance. Dans 
l'Est, pour le sorhgo et les haricots conserves sur une vaste echelle, Ie 
probleme est different et les pertes sont importantes. 

Les intermediaires essayent de garder les produits le moins Iongtemps 
possible chez eux, Ia duree du stockage etant fonction des possibilites 
d'evacuation. 

Chez Ie distributeur et le tranformateur, les quantites stockees sont 
considerables. Certaines entreprises sont parvenues a reduire considerable­
ment les degats. Toutefois Ies pertes globales sont encore elevees. Les 
resultats obtenus dans le Kasai et le Katanga pour le mais destine aux 
grandes regions minieres du Sud sont encourageants: on est parvenu a 
ramener le taux de charan~onnage de zo% a moins de s%. consequence 
directe de !'evacuation rapide du produit du producteur au transformateur 
et des mesures legislative edictees. 

Les pertes subies par les produits vivriers ne peuvent etre estimees 
globalement. 

Comme on vient de le constater, leurs causes sont multiples: Ia 
dessication, les insectes, la pourriture et les rongeurs. Elles varient non 
seulement d'apres la region, le produit, l'annee, mais surtout d'apres Ies 
soins apportes au stockage. Les pertes dues aux insectes sont les plus 
tangibles. Celles dues a la pourriture passent la plupart du temps 
inaper~ues et peu de donnees ont ete recueillies a leur sujet, alors que dans 
de nombreux cas elles sont certainement elevees. Elles proviennent d'une 
recolte tardive ou d'un sechage insuffisant. Les rongeurs causent enorme­
ment de deg~ts surtout chez !'indigene et dans le cas de grains ensaches dans 
des niagasins mal conditionnes. L'arachide en souffre particulierement, on 
signale jusqu'a 40 et so% de pertes. 
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Voici pour les principales plantes alimentaires, une estimation des 
pertes que }'agriculture au Congo beige aurait subies en 1954 et 1955, 
basee sur les statistiques publiees au Bulletin agricole du Congo beige.• 

Production 
Pourcentage 

totale livree au moyen de pertes Perte!> 
Culture commerce (estime) estimees 

Mais .. .. 319.300 79.8oo 10% 32.000 
320.700 81.000 32.000 

Riz (paddy) .. 179·200 103.700 s% 8.soo 
198.100 128.300 

Arachides .. 187-400 47-400 15% 27.000 
175·300 55·700 26.ooo 

Pois et haricots •• 6g.8oo 16.900 10% 6.900 
76.170 22.000 7.6oo 

Froment .. 4·100 1.700 inferieur 100 
3·930 x.Soo as% 100 

Autres .. 40.100 2.200 surerieur 2.000? 
cereales •• .. 37·420 3.8oo s% 2.000? 
Quantites en 

tonnes 

• D.A.C.D., XLVIII, 3, annexe. 



PROTECTION DE L'ARACHIDE AU SENEGAL CONTRE LES 
INSECTES NmsffiLES 

par J. APPERT 

Entomologiste au Centre de Recherches Agronomiques de Bambey 
(Senegal) 

Le Senegal est caracterise du point de vue climatologique par une 
s;tison des pluies (de juin a novembre) qui est la peri ode des cultures et une 
saison seche et chaude sans aucune precipitation (de novembre a juin) durant 
laquelle le sol n'est pas cultive (exception faite des zones de decrue du 
fleuve Senegal et des cultures maraicheres de la presqu'ile du Cap Vert). 
La presque totalite des champs est ensemencee en arachide et en mil et 
sorgho. Ces produits recoltes sont stockes soit pour la vente, soit pour la 
consommation, soit pour constituer les semences de la prochaine campagne.· 

L'arachide constitue la principale production agricole (704.000 hectares 
en 1955 avec une production commercialisee de 54o.ooo tonnes). 

Les arachides en coque et decortiquees sont attaquees par un certain 
nombre d'insectes nuisibles. 

Thysanoures : Lepismatines : · 

lsopteres : Termitides : 
Embiopteres : Embiides : 
Coleopteres : Anobiides 

Bruchides : · 

Cucujides: 
Dermestides : 
Nitidulides : 
Tenebrionides : 

Ostomatides 
Lepidopteres : Pyralides 

Phycitides : 
Heteropteres : Lygaeides : 

Lepisma sacc/zarina L: 
Thermobia domestica Pack. 
Termites divers. 
Embia vayssierei Navas. 
Lasioderma serricorne F. 
Caryedon fuscus Goeze 
( =Pachymerus cassiae Gylh.). 
Oryzaephilus mercator Fauv. 
Attagenus sp. 
Carpophilus dimidiatus F. 
Alphitobius piceus 01. 
Homala polita Sol. 
Tlzalpophila abbreviata F. 
Tribolium castaneum Hbst. 
Tribolium confuswn Duv. 
Tenebroides mauritanicus L. 
Corcyra ceplzalonica Staint. 
Ephestia cautella Walk. 

· Aphanus sordidus Fabr. 
Aphanus apicalis Dall. 
Dieuches armipes F. 
Dieuches patruelis Stahl. 
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Parmi toutes ces especes, seules Ia Bruche (Caryedmz fuscus) et les 
Lygaeides (Aplzanus spp. et Dieuches spp.) provoquent des degats sensibles 
et justifient une intervention phytosanitaire. 

Methodes de stockage. 
Bien que certains paysans conservent leurs semences sous forme 

decortiquees dans des poteries, le plus souvent les arachides sont stockees 
en coque aussi bien par les commers;ants que par les Societes de Prevoyance. 
La Bruche est la seule espece a attaquer exclusivement l'arachide non 
decortiquee dont la gousse est indemne (non fendue, exempte de trous de 
termites). La conservation sous cette forme permet done de se proteger 
de toutes les autres especes. Malheureusement, il semble que la Bruche 
est, a elle seule, plus dangereuse que tous les autres insectes nuisibles a 
l'arachide decortiquee et il apparaitrait plus logique de conserver l'arachide 
en sac sous forme decortiquee, ce qui permettrait non seulement une 
protection totale contre la Bruche, mais un gain de place, une manipulation 
plus aisee et un controle du stock plus facile. Quoiqu'il en soit, a l'heure 
actuelle les arachides sont conservees en vrac sous forme d'immenses tas 
soit a l'interieur de magasins en totes, soit en plein air (" seccos "). 

La Bruche de l'arachide. 
Caryedon fuscus se rencontre au Senegal, en Gambie, Soudan, Haute­

Volta, Dahomey, Niger, Nigeria, Tchad. Elle se reproduit egalement dans 
les fruits du tamarinier mais peut se multiplier uniquement sur arachide. 
L'adulte ne se nourrit pas, n'a nul besoin d'eau et ne provoque pas de 
degats. Agee de 2 jours la femelle commence a pondre ; les oeufs deposes 
sur la coque donnent naissance au bout de 8 a I 5 jours a une larve qui 
penetre a l'interieur de la graine et s'attaque immediatement aux amandes. 
A son complet developpement, la larve qui a devore Ia graine en presque 
totalite, decoupe dans la coque un trou circulaire. La nymphose a lieu 
dans la graine au niveau de cet orifice qui est alors opercule ou a l'exterieur 
entre deux gousses. 

Une generation d'adulte a adulte dure environ 2 mois. La forme 
larvaire peut persister longtemps a l'interieur du cocon et l'espece peut 
ainsi facilement survivre dans les lieux de stockage d'une recolte a l'autre. 
La longevite de l'adulte est tres variable. Certains individus meurent le 
lendemain de leur eclosion alors que d'autres survivent un mois. La 
plupart des adultes vivent environ 8 jours ; les femelles meurent presque 
aussitot la fin de la ponte. L'activite est surtout nocturne, l'adulte 
recherche l'obscurite. 

L'accouplement se produit quelques heures apres l'eclosion et la 
ponte debute 36 a 48 heures apres. II n'y a pas de localisation particuliere 
de l'oeuf sur Ia gousse si ce n'est que celui-ci est generalement depose dans 
les depressions de la coque. La duree du cycle est d'autant plus breve que 
Ia temperature et le degre hygrometrique de l'air sont plus cleves. 
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L'emploi de fumigants donne une garantie absolue de desinsectisation 
mais les installations que necessite ce procede ne permettent pas de 
l'envisager ailleurs qu'a Ia Station du port de Dakar. Le moyen de lutte 
recommande est }'incorporation de poudre insecticide au tas au fur et a 
mesure de sa constitution, a l'aide d'une poudreuse a main. Le toxique 
employe est exclusivement le H.C:H. a 25%. Toutefois, malgre les traite­
ments, on constate chaque annee la presence de bruches dans les arachides 
poudrees. Ce fait est dii, en grande partie, a ce que l'H.C.H., sous l'effet 
des fortes insolations et des temperatures elevees de la saison seche(40°-
450 C.), perd rapidement son pouvoir toxique. On a preconise l'emploi de 
la Dieldrine, dont la persistance est plus longue et a laquelle la bruche se 
montre tres sensible mais son prix de revient et les risques d'accidents 
n'ont pas permis de vulgariser cet insecticide. Cette annee on essaye sur 
une echelle reduite d'utiliser la " Levilite ", poudre inerte formee de silice 
qui a donne des resultats encourageants au cours d'essais en laboratoire. 

Lygneides 

Ces punaises commencent a pulluler des la recolte et ne se rarefient 
qu'a !'approche de 1a saison humide. A tous les stades de sa croissance, 
l'insecte se nourrit en su~ant l'huile de l'amande qu'il atteint en per~ant la 
coque avec son rostre. La piqiire n'est pas visible mais les graines se vi dent, 
se fletrissent et se rident. Elles ont un gout amer et ranee qui les rend 
impropres a la consommation et a !'industrialisation. En trois mois les 
graines peuvent perdre jusqu'a so% de leur faculte germinative. On 
estime a I pour mille la perte ponderale que subit un secco pendant la 
periode de stockage du fait de ces hemipteres. 

Leur activite est nocturne, ils se nourrissent de l'huile de l'amande 
mais ne peuvent subsister avec cette seule nourriture, l'eau leur est in: 
dispensable. Dans la nature, l'eau leur est foumie par la rosee ou la seve 
des vegetaux. 

La ponte commence 7 jours apres Ia demiere mue, les oeufs sont 
deposes dans le sable humide par petits paquets de 6 environ ; chaque 
femelle pond de 100 a 200 oeufs ; la duree de }'incubation varie de 5 a IO 

jours. 
Les proceces physiques de lutte sont a la fois simples, economiques et 

efficaces lorsqu'ils sont conduits rationnellement. Ils sont bases sur le 
besoin vital en eau de l'insecte. On s'efforcera done, soit depriver celui-ci 
de ses sources de liquide, soit de le pieger en exploitant son hygro­
tropisme. L'entreposage des arachides dans des magasins permet de les 
proteger efficacement des attaques des Lygaeides, ceux-ci ne pouvant 
penetrer a l'interieur. 

Si on est oblige d'entreposer a l'exterieur en secco, il faut nettoyer, 
debrousser et traiter ala chaux ou a l'H.C.H.l'aire de stockage en arrosant 
ou en incorporatnt superficiellement le produit a la terre. Chaque soir on 

M 
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saupoudrera Ia surface du stock ainsi que Ia base de poudre d'H.C.H. On 
peut egalement pieger les Lygaeides en disposant le soir, a proximite des 
tas d'arachides, de Ia paille mouillee dans laquelle les punaises se refugient 
pendant Ia nuit. Le matin, de bonne heure, ces pieges sont jetes brusquement 
dans le feu ou dans un recipient contenant du petrole. 

SUMMARY 

The main crops of Senegal are groundnuts and millets (Guinea corn 
and Bulrush millet). 

Groundnut is attacked by numerous insects among which are to be 
found : Caryedon Juscus. ( =Pachymerus cassiae) and Lygaeides of the 
species Aphanus and Dieuches. 

Groundnut in shell is stored in bulk, in huge heaps called " Seccos " 
in storehouses made of iron-sheets, or sometime it happens that groundnut 
is stored in the open. 

We generally fight against the "groundnut Weevil" by means of 
dustings with B.H.C. 25. Dieldrin also gives good results against the 
groundnut Weevil disease but its high cost price and the risks of accident 
involved do not permit a general use of this product. Levilit which is an 
inert powder with a siliceous basis has also given most encouraging results 
at the trials. 

Against " Lygaeides " it has been recommended to dust the storage 
area with B.H.C. and to catch adults by means of humidified straw which 
is then burnt. 



LA DESINSECTISATION DU POISSON SECHE EN AFRIQUE 
OCCIDENTALE FRANCAISE 

par A. MALLAMAIRE 

Chef de la protection des Vegetaux en A.O.F. 

Le poisson seche, fume ou sale, qu'il s'agisse de poissons de mer ou de 
poissons de rivU:re, constitue en Mrique occidentale, une ressource 
preci~use pour l'alimentation des populations et sa commercialisation 
donne lieu a un trafic important. 

II existe un courant d'echange portant sur plusieurs milliers de tonnes 
entre Dakar et les ports du Sud Uusqu'en A.E.F.) pour le poisson de mer 
seche et sate, et le Soudan qui commerce regulierement avec la Haute-Volta, 
la Cote d'lvoire et le Ghana pour le poisson seche et fume du fleuve 
Niger. 

Dans ce demier cas, c'est essentiellement par Mopti que ce commerce 
s'effectue et on estime a une dizaine de milliers de tonnes les expeditions 
annuelles qui se font par la route avec les camions des traitants. 

Si les poissons de mer ou. de. riviere sont d'excellente qualite, tres 
apprecies par les consommateurs africains, il faut toutefois reconnaitre 
qu'ils sont tres souvent attaques par des insectes nuisibles qui occasionneut 
des pertes parfois tres importantes durant le transport et le stockage avant 
consommation. 

Parmi les insectes les plus frequents et les plus nuisibles, i1 faut citer 
deux Coteopteres : 

- Dermestes frischii Kug. (Dermestides). 
- Necrobia rufipes Deg. (Corynetides). 

Dermestes frischii Kug. 

Adulte: 7 a IO mm., noir~ prothorax orne anterieurement et plu;; 
abondamment sur les cotes d'une pubescence blanc-jaun~tre entourant 
pres des angles posterieurs une petite tache laterale noire. Cette pubescence 
se rejoint presque toujours sous forme d'une bande transversale etroite, 
interrompue au milieu. Elytres omees de fins poils noirs, peu visibles, 
entremeles de poils blanc-jaun~tres, bien apparents, peu denses, repartis 
assez irreg\Itierement, mais jamais groupes en mouchetures. Ventre a 
pubescence blanche avec deux taches laterales noires sur chaque stemite 
abdominal. Demier stemite blanc sur sa moitie anterieure, noir au bord 
posterieur. 

Nymphe : mesure environ 8 a ro mm. de longueur sur 3 mm. de largeur; 
elle est de couleur blanc ivoire et recouverte d'une pubescence fine et 
courte, plus longue sur les cotes. Le demier segment abdominal est muni 
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dorsalement de deux urogomphes chitinises correspondant a ceux de Ia 
larve. 

Larve: atteint jusqu'a 14 mm. de longueur a son complet developpe­
ment ; elle est allongee, etroite, et va en diminuant insensiblement de 
largeur jusqu'a l'extremite posterieure ou elle se retrecit alors brusquement. 
Peau dure et coriace, brune a reflets noidtres sur Ia face dorsale avec une 
ligne mediane de taches claires ; blanc-jaun~tre sur Ia face ventrale, Ia face 
dorsale est ornee de poils denses et herisses, brun roux, dont certains assez 
longs ; Ia face dorsale des segments abdominaux est ornee d'une fine 
pubescence courte et dressee. 

Le dernier segment abdominal tubuleux est pourvu sur Ia face dorsale 
de deux urogomphes fortement sclerifies dont le diametre va en diminuant 
progressivement de Ia base au sommet. 

Oeuf : allonge, cylindrique, mesure environ I mm., 4 de longueur sur 
o mm. 5 de largeur, blanc brillant au moment de la ponte. 

Biologic: Les femelles peuvent pondre pendant plusieurs mois de ISO a 
200 oeufs et sans doute plus. 

Les oeufs sont deposes par petits amas de 2 a Io isotes, dans les fissures 
du poisson seche et dans les galeries larvaires. 

Des leur naissance, les larves creusent des galeries tres irregulieres 
dans Ia chair du poisson, en tous sens, toujours superficielles. Au moment 
de Ia nymphose, par contre, la larve s'enfonce profondement. 

Le developpement larvaire dure 5 a 8 semaines en moyenne au cours 
desquelles la larve subit sept a huit mues. Au moment de l'avant-derniere 
mue Ia larve cesse de s'alimenter, puis elle s'immobilise pendant deux 
semaines environ (stade nymphal) ; puis elle se transforme ensuite en 
nymphe et huit a dix jours plus tard, le jeune adulte apparait. 

Dans nos regions chaudes, il existe des adultes et des larves toute 
l'annee; on constate toutefois une recrudescence d'insectes s'attaquant 
aux poissons seches durant la saison des pluies, chaude et tres humide, 
c'est-a-dire de fin juillet a fin octobre. 

Les Dermestes sont des insectes qui s'attaquent aux produits et aux 
denrees les plus divers (peaux, fourrures, lard, poisson seche, etc .•.. ). 

En Afrique, ils sont extremement frequents, en particulier sur les 
poissons d'eau douce ou de mer. 

Necrobia mfipes Deg. 

Adulte: corps de taille assez variable atteignant 3,5 a 7 mm. de longueur 
de teinte bleue metallique, parfois plus ou moins verdatre ou violacee. 
Pattes et premiers articles antennaires d'un beau jaune rougeatre; antennes 
de I I articles dont le premier tres allonge et les trois derniers tres elargis et 
presque noirs. 

Elytres ornees de Io rangees longitudinales apparentes de ponctuations. 
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Nymphe: libre, abdomen de couleur foncee, pourvu lateralement et 
dorsalement de fines et tongues soies. 

Larve: corps allonge, renfle ventralement, mesurant xo mm. de long 
et 2 mm. de large a son complet developpement, orne de nombreuses soies 
tongues et greles. 

Oenf: de forme allongee et courbee, mesure 1 mm. de longueur sur 
0,25 mm. de largeur; il est brillant et translucide au moment de Ia ponte. 

Biologic: Necrobia rufipes est une espece dont les adultes et les larves 
peuvent avoir des moeurs predatrices et carnivores et meme, a }'occasion, 
peuvent s'entre-devorer. Ce sont surtout des necrophages et saprophages 
qui affectionnent particulierement les denrees animates dessechees (pro­
duits fumes: bacon, jambon, lard ... ), poissons et certains produits 
vegetaux gras tel que le coprah. 

Au Senegal, Necrobia rufipes est particulierement abondant dans le 
poisson de mer seche et sate. 

L'accouplement commence peu apres Ia mue imaginate et la ponte 
commence quelques jours plus tard. Les femelles pondent dans les 
fissures et anfractuosites des denrees attaquees (137 a 313 oeufs et jusqu'a 
2.ooo oeufs; eclosion au bout de 4 a 5 jours. La vie larvaire dure de 25 a 35 
jours et le cycle complet peut s'effectuer en 2 a 3 mois. 

Dans nos contrees, il peut y avoir plusieurs generations chevauchantes 
par an et on rencontre communement adultes, nymphes et larves dans les 
poissons attaques ou ils sont abondants et melanges a Dermestes frischii Kug. 

1\IOYENS DE LU'ITE 

La lutte contre les insectes du poisson seche doit viser la destruction 
radicale des insectes nuisibles quel que soit leur stade et in situ et, autant 
que faire se peut, elle doit etre aussi preventive que possible c'est-a-dire 
qu'elle doit intervenir tout a fait au debut du developpement des insectes 
nuisibles afin de limiter leurs degats, d'une part, et afin d'arreter definitive­
ment·l'infestation d'autre part, ce qui permet le transport et Ia conservation 
du poisson seche durant de nombreux mois. Un seul procede peut etre 
recommande dans ce cas, c'est Ia fumigation sous vide partie} a l'aide d'un 
fumigant approprie, procede elegant et pratique, qui n'altere en rien les 
qualites organoleptiques du poisson et qui permet de traiter sous emballage 
definitif en evitant ainsi des manipulations delicates et coiiteuses. 

C'est le procede qu'emploie actuellement la Station de Desinfection de 
Dakar ou ont eu lieu les premiers essais de fumigation concernant le poisson 
seche et ou des quantites importantes de poisson seche et sate sont 
actuellement desinsectisees a Ia satisfaction generate des utilisateurs. 

Le fumigant employe est le bromure de methyle ala dose de So a lOCI 

grammes par metre cube d'autoclave pendant une duree de deux heures. 
Tous les insectes sont tm!s, quel que soit leur stade et queUe que 

soit leur situation, soit en surface, soit en profondeur. L'operation 
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tenninee, le poisson traite est immediatement consommable et il peut 
rester indemne de tout parasite pendant plusieurs mois a condition 
evidemment qu'il soit mis a l'abri de toute nouvelle infestation. 

TECHNIQUE 
La technique de Ia desinsectisation est tres simple. La formule 

employee est celle recommandee par Lepigre : 
o-7oo-2o-2 R 
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SUl\IMARY 

Dried fish is attacked in French West Mrica by two insects which are 
responsible for important losses: Dermestes frisclzii (Dermestides) and 
Necrobia rufipes (Corynetides). 

In order to avoid damage done by these insects it is recommended to 
submit the packets of dried fish to a treatment of methyl bromide under 
partial vacuum, at a ratio of So grams per cubic metre during two hours. 

It is also recommended to treat the packing with D.T.T. or Lindane 
and to desinfect the storehouse containing the dried fish. 



CATALOGUE DES PRINCIPAUX INSECTES NUISIDLES AUX 
DENREES ALIMENTAIRES EMMAGASINEES EN AFRIQUE 

OCCIDENTALE FRANCAISE 

par A. MALLAMAIRE 

Chef de Ia Protection des Vegetaux en A.O.F. 

Ce catalogue indique par ordre systematique Ia liste sommaire des 
principaux insectes nuisibles aux denrees alimentaires emmagasinees 
rencontres en Mrique occidentale franfYaise. 

THYSANOURES 

Lepisma saccan"na L. -'Repandu portout, le" petit poisson d'argent" 
(=The Silver Fish) aux moeurs nocturnes, s'attaque particulierement a 
l'arachide stockee, aux tourteaux, au hie et aux marchandises les plus 
diverses ; degats cependant minimes. 

T/zermobia domestica Pack. - Le" ravet " (=The firebrat) est repandu 
dans les habitations ou i1 s'attaque a de nombreuses denrees. II pullule 
dans les magasins d'arachides et peut occasionner des degats. 

ISOPTERES 

Des Termites divers (=White Ants) peuvent s'attaquer aux denrees 
dans de mauvaises conditions (champs, silos en terre, magasins avec sol de 
terre battue ou sol cimente fendille). 

L'arachide stockee, en particulier, est attaquee par certaines especes 
(Odontotermes, Microtermes, Bellicositermes) qui peuvent occasionner des 
degats negligeables. 

El\ffiiOPTERES 

Embia vayssierei Navas se multiplie dans les tas d'arachides stockees 
dont les graines sont reliees entre elles par un reseau de soie tisse par 
l'insecte; deg~ts peu importants. 

PSOCOPTERES 

Les psoques se rencontrent quelquefois en grande quantite dans les 
denrees deja attaquees par d'autres insectes et deja avariees (farin':s, 
semoules, grains, etc.). 

ORmOPTERES 

Blattides. - Les Blattes, Cafards, Cancrelats s'attaquent a toutes 
les denrees alimentaires et pullulent dans les ports, les magasins, les 

· habitations. 
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La Blatte germanique (Blattella germanica L. = The German cock­
roach) ; La Blatte orientale (Blatta orienta/is L. = The large black oriental 
cockroach) et Ia Blatte americaine (Periplaneta americana L. =The 
American cockroach) se rencontrent partout. Leur intense multiplication 
qui s'effectue a longueur d'annee rend leurs mefaits encore plus importants 
d'autant plus que ces insectes s'attaquent a toutes les denrees stockees, les 
tissus, etc., qu'ils devorent, souillent de leurs excrements et impregnent 
de leur mauvaise odeur. 

HEl\IIPTERES 
Lygeides. -Au Senegal, en particulier, quatre especes de lygeides 

s'attaquent aux arachides stockees en su~ant les graines dont le faculte 
germinative et le rendement en huile diminuent. 

II s'agit de : Aplzanus sordidus Fabt. et Aplzanus apicalis Dall., 
Dieuclzes patrttelis Stahl. et Diettches armipes F. denommees " wangs " en 
wolof. 1 

COLEOPTERES 
Corynetides 

Necrobia rujipes Deg.- Le clairon a pattes rouges (=The coprah 
Beetle) est un insecte frequent dans les chairs des poissons sees, qu'il 
s'agisse de poissons d'eau douce ou de poissons de mer. 

Associe a Dermestes frischii Deg., il cause des pertes importantes au 
commerce du poisson seche. 

Anobiides 

Stegobium paniceum L.- La vrillette du pain (=The bread Beetle, 
the drugstore Beetle) est tres polyphage et se rencontre dans les semoules, 
couscous, biscuits, pain de guerre, pates alimentaires, etc. 

Lasioderma serricorne, F.- Le Lasioderme du tabac (=The Tobacco 
Beetle) est essentiellement un ennemi du tabac, qu'il s'agisse de tabac 
en feuilles ou manufacture (cigares, cigarettes). II s'attaque aussi a de 
nombreux produits : arachides, semoules, pates, biscuits, poisson 
seche, etc. 

Anthribides 

Araecerus fasciculatus D.G.- La bruche des grains de cafe (=The 
coffee-bean Weevil) est uninsecte particulierement abondant danslesregions 
cotieres de Ia Cote occidentale ou il s'attaque aux feves de cacao, au cafe, 
au mais, pouvant causer d'importants degats dans les entrepots et les cates 
des navires par sa multiplication rapide. 

Bostrychides 

Rlzizopertlza dominica F. - Le capucin des grains (=The Australian 
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wheat Weevil) s'attaque a toutes les graines de cereales emmagasmees 
(Bte, farine, semoule, sorgho, petit mil, riz, mais, semoule de mais, etc.) 
auxquelles il peut causer des degats importants. 

Bruclzides.- Les bruches constituent les ennemis les plus importants 
des graines des legumineuses et occasionnent des degftts souvent im­
portants. 

Bruchus obtectus Say. ou bruche des haricots (=The common bean 
Weevil) espece cosmopolite, s'attaque a toutes les graines du genre 
Phaseolus, Vigna, Cajanus. Cette espece, qui peut avoir jusqu'a 6 genera­
tions par an, se reproduit a la fois sur les plantes et dans les graines emma­
gasinees, commettant ainsi des degats dans les stocks alimentaires et lors 
de la conservation des semences. 

Callosobruclzus quadrimaculatus F.- Bruche a quatre taches ou bruche 
du niebe (=The four-spotted bean Weevil) s'attaque egalement aux 
graines du genre Phaseolus, Dolichos, Soja, Cajanus et affectionne par­
ticulierement les semences du niebe (Vigna unguiculata) caus.ant ainsi des 
preoccupations serieuses aux cultivateurs africains, pour la protection de 
leurs semences qu'ils prennent bien soin de conserver en gousses, attachees 
en paquets, sous le toit enfume de leur case. 

Callosobruchus chinensis L.- La bruche chinoise (=The cowpea 
Weevil) d'origine asiatique, se rencontre dans les pays a climat chaud; 
en A.O.F. sur Phaseolus, Dolichos, Cajanus et Vigna. 

Pachymerus cassiae Gylh. ( =Caryedon fuscus Goeze).- La bruche 
des arachides (=The peanut Weevil) est un insecte tres dangereux pour 
les gousses d'arachide ; l'espece peut avoir jusqu'a 6 generations par an et 
pulluler dans les " seccos " du mois de decembre au mois de juillet, ou 
ses larves perforent les gousses et en devorent les graines. 

Elle a ete rencontree egalement sur Kerstingiella, Tamarindus, Prosopis, 
Acacia, Cassia. 

Spermophagus subfasciatus Boh. -La bruche du Pois du Cap, ou 
bruche bresilienne, s'attaque aux graines de Phaseo[us, Vigna, Doliclzos, 
Cajanus, Soja; l'attaque commence dans les champs et se poursuit dans 
les magasins. 

D'autres especes ou sous-especes de bruches de moindre importance 
economique ont ete egalement signalees en A.O.F.: 

Callosobruchus ornatus Boh. sur Vigna, Dolichos ; 
Bruchus vicinus var. innotatus Pic. sur Voandzeia; 
Bruclzus a.nalis F. sur Vigna. 

Cucujides 

Oryzaephilus surinamensis L. - Le silvain (=The saw-toothed 
grain Beetle =The merchant grain Beetle) est une espece commune 
frequente dans les stocks de cereales, farines; pates, biscuits, semoules, 
arachides, etc. 
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Cette espece peut etre responsable d'assez gros degats, bien que le 
plus souvent, elle soit associee aux charan~ons et aux tribolies dont elle 
complete les mefaits. · • 

Ahasverus advena Waltl.- Cet insecte (=The foreign grain Beetle) 
se rencontre dans les magasins et entrepots de tous les ports de la Cote 
occidentale d'Mrique et dans les cargaisons des navires; il s'attaque surtout 
aux grains de cereales qui ont deja subi un commencement d'alteration et 
en particulier a ceux qui sont moisis. 

Laemoplzloeus minutus 01. (=The flat grain Beetle).- Cet insecte 
cosmopolite s'attaque a la plupart des produits stockes : grains, cacao, 
fruits et legumes sees, etc. 

Curculionides 

Sitophilus granarius L.- Le charan~on du ble (=The corn Weevil) 
espece des regions temperees, se rencontre dans tous les arrivages de 
cereales originaires d'Europe et d'Amerique du Nord. 

Sitophilus eryzae L.- Le charan~on du riz (=The rice Weevil) 
espece des regions tropicales, est egalement repandu partout et provoque 
des degats considerables aussi bien aux chargements de grains des navires 
qu'aux stocks de cereales emmagasinees dans les entrepots ou chez les 
paysans. Riz, mais, sorgho, petit mil, bte, gruau, semoules, farines, pates 
alimentaires soot tres fortement attaques, de meme que les Iegumineuses 
(Phaseolus, Vigna), les cossettes de manioc, etc. 

Pour les cereales, Ia ponte s'effectue dans les champs, sur les panicules 
ou les epis, avant la recolte, ou dans les magasins, entrepots, silos, qui 
sont le plus souvent contamines en permanence. . 

11 peut. y avoir 7 a 8 generations par an ; com me la longevite des 
femelles peut atteindre 6 a 7 mois· et que leur fecondite est importante 
(2oo a 400 oeufs), les degats peuvent etre tres importants si une lutte 
efficace n'est pas entreprise. 

Balanogastris kolae Desbr. 
Paremydica insperata Fst. 
Les charan~ons de Ia noix de Kola (=Kola nut Weevils) causent des 

degats serieux aux noix de Kola qui constituent, pour les Africains, a la 
fois une friandise, un toni-cardiaque et un aliment d'epargne. 

L'infestation se produit sur les arbres, avant Ia recolte des cabosses, 
et se poursuit dans les ateliers d'emballage en general mal tenus. 

Scolytides 

Hypotlzenemus (Stephanoderes) hampei Ferr.- Le scolyte du grain 
de cafe (=The coffee berry borer) attaque les cerises de cafeier dans les 
plantations ou Ia femelle effectue sa ponte dans les cerises qui approchent 
de leur maturite. L'evolution des larves se poursuit dans les cerises 
dessechees sur les arbres ou sur les aires de sechage et meme apres usinage 
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dans les grains decortiques et deparches dans les entrepots et il arrive 
souvent que des cafes originaires de Ia Cote d'Mrique arrivent en France 
a la bonne saison avec des scolytes vivants qui continuent leurs degtits. 

Dermestides 

Trogoderma granarium Everts.- Le Dermeste des grains (=The 
Khapra Beetle) est un parasite tres important des graines stockees (cereales, 
Iegumineuses) que la larve attaque et souille de ses dejections. L'arachide 
decortiquee est serieusement attaquee ; l'action du Dermeste se traduit 
par une perte de produit, une production de graines poudreuses et une 
augmentation notable de l'acidite de l'huile. 

La resistance de cet insecte aux insecticides courants rend necessaire 
une vigilance permanente si l'on veut eviter des degats importants. 

Dermestes frischii Kug. -En Mrique occidentale c'est le Dermeste 
du poisson seche, toujours tres abondant dans les carcasses de poissons 
seches de mer et de riviere, dont les Mricains font une grande consommation 
(a l'etat seche, fume ou sale). L'insecte est quelquefois si abondant que les 
ballots de poissons sees expedies sur les ports du Sud ne contiennent 
souvent plus que des aretes, lorsque les marchandises arrivent a destination. 

Associe a Necrobia rufipes Deg. cet insecte commet des degats tres 
importants. 

Nitidulides 
Les Carpophiles: Carpophilus hemipterus L. (=The dried fruit 

Beetle) ; Carpophilus dimidiatus F. (=The corn sap Beetle) se rencontrent 
couramment dans les stocks d'arachides, sur coprah, karite, cacao, etc. ; 
toutefois, ces especes ne se sont jamais revelees tres nuisibles. 

Tenebrionides 
Alphitobius piceus 01.; Alphitobius laevigatus F. et Alphitobius viator 

Muls et God. (=The grain mold Beetles) sont des especes mycophages 
que l'on rencontre dans les entropots et les ports, sur denrees deja alterees 
et moisies : cereales, manioc, arachides, cacao, etc. 

Gnathocerus cornutus F.- Le cornu (=The broad homed flour 
Beetle) s'attaque a de nombreuses denrees : cereales (riz, mais), farine, 
semoule, son, haricots, cacao. 

Homala polita Sol. et Thalpophila abbreviata F. s'attaquent a l'arachide 
lorsque les gousses sont deteriorees ; les larves peuvent egalement occasion­
ner quelques degats. 

Tribolium castaneum Hbst. (=The rust-red flour Beetle) et Tribolium 
confusum Duv. (=The confusum flour Beetle) sont deux especes extreme­
~ent frequentes dans les arachides decortiquees ; larves et adultes pullulent 
toute l'annee, particulierement durant la saison des pluies, et se nourrissent 
aux depens des arachides brisees par le decorticage, reduisant les morceaux 
de cotyledons en farinette et augmentant le taux d'acidite. Frequents 
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egalement sur tourteaux et farinettes d'arachides, coprah, graines de 
sesame, ricin. 

Tres abondants egalement dans les entrepots, magasins et cales de 
navires ou ils s'attaquent aux farines, semoules, gruaux, pates, riz, mais 
(grain et semoule) sorgho et mil, Iegumineuses diverses (Plzaseolus, Vigna) 
manioc, patates douces, fruits sees, etc. 

Trogositides 

Tenebroides mauritanicus L.- La cadelle (=The broad Beetle) est 
un insecte cosmopolite dont la larve attaque de nombreuses denrees ; 
arachides, ble et farine, semoule, couscous, pates, biscuits, tourteaux et 
farinettes d'arachides, sorgho et petit mil, mais (grains et semoule), riz, 
cacao, et meme le tabac. 

LEPIDOPTERES 

Un certain nombre de chenilles de Iepidopteres s'attaquent en 
Afrique occidentale fran'raise aux denrees stockees. 

Parmi les especes les plus dangereuses il faut citer : 

Galleriides 

Corcyra ceplzalonica Staint.- La Teigne du riz (=The rice Moth); 
Ia chenille de cette teigne qui s'enveloppe dans un fourreau de soie, commet 
des degats importants sur arachides decortiquees, tourteaux, farinettes ; 
sur les cereales stockees : bte, riz, mais, sorgho, petit mil ; sur les farines, 
semoules et gruaux ; graines de sesame, de coton, de karite, feves de cacao, 
etc. 

· Gelechiides 

Sitotroga cerealella 01.- L'alucite des cereales (=The Angoumois 
grain Moth) est une espece particulierement dangereuse pour les cereales : 
sorgho, petit mil, mais et surtout riz. 

Aux degats de la chenille, qui s'abrite dans un fourreau de soie, 
s'ajoutent le gout et l'odeur desagreables que contractent Ies produits 
infestes, ce qui les rend non seulement impropres a Ia consommation 
humaine, mais encore pour celle des animaux. 

Phycitides 

Ephestia kuelzniella Zeller.-La teigne de la farine (=The Mediter­
ranean flour Moth) s'attaque surtout aux farines entreposees, semoules et 
gruaux. 

Ephestia cautella Walk.- Cette teigne (=The fig Moth) se rencontre 
souvent sur les tas d'arachides en magasin; Ies adultes pondent sur les 
coques et Ies cheniiles penetrent dans Ies gousses fendues ou brisees par le 
decorticage. On les rencontre egalement sur d'autres denrees stockees : 
mais, riz et graines de coton. 
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Ephestia elutella Hb.-La teigne du cacao (=The tobacco Moth) 
attaque couramment les feves de cacao auxquelles elle peut causer des 
dommages importants, particulierement en Cote d'lvoire; elle se rencontre 
aussi sur chocolat, tabac prepare, et ne dedaigne pas le riz, les pates ali­
mentaires, gateaux sees, arachides et tourteaux. 

Plodia interpunctella Hb. Cette teigne (=The Indian meal Moth) 
s'attaque a de nombreuses denrees vegetales : ble, riz, farine, pates, 
legumes sees, fruits sees, arachides, etc. 

Pyrali~es 

Pyralis farinalis L.- La pyrale de Ia farine (=The meal Moth) se 
rencontre quelquefois dans les ports et les cates de bateaux ou elle s'attaque 
a la farine, au ble, au son, a la semoule, particulierement quand ces produits 
commencent a s'alterer eta moisir. 

SUMMARY 

The insects attacking foodstuffs stored in French West Mrica are 
numerous. Most of them belong to cosmopolitan species. Among the 
most dangerous of these species are: Necrobia rufipes and Dermestes 
frischii; Stegobium paniceum, Rhizopertha dominica, Sitophilus oryzae, 
Trogoderma granarium, Tribolium castaneum and T. confusum, Corcyra 
cephalonica are the most dangerous insects for stored seeds, and particularly 
rice, maize, millets ; Pachymerus cassiae, Trogoderma granarium, Tribolium 
castaneum and T. confusum, Corcyra cephalonica and Ephestia cautella 
attack stored groundnuts (both shelled and unshelled) and are liable to 
account for important damage. 

Bmclzus obtectus, Callosobruchus quadrimaculatus, Callosebruclzes chin­
ensis and Spermophagus subfasciatus attack the seeds of leguminosae; 
Lasioderma serricorne can be responsible for important damage done to 
stored and manufactured tobacco, Araecereus fasciculatus and sometimes 
Hypothenemus lzampei attack the " market" coffee; lastly, cocoa can be 
attacked by Alzasverus, Laemophloeus, Carpophilus, Alphitobius, Tribolium 
and Ephestia elutella. 

~·· 
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LA DESINSECTISATION DES NOIX DE KOLA EN AFRIQUE 
OCCIDENTALE 

par A. MALLAMAIRE 

Chef de Ia Protection des Vegetaux en A.O.F. 

En Mrique occidentale fran~aise, le kolatier est l'objet d'une exploita­
tion importante et lucrative, entierement entre les mains des Mricains. 

Depuis Ia Casamance jusqu'a Ia frontiere du Nigeria, toute Ia region 
forestiere est particulierement propice au developpement de cette Ster.: 
culiacee stimulante. 

C'est surtout Ia Guinee, Ia Cote d'lvoire et le Dahomey qui produisent 
d'importantes quantites de noix de kola. Une certaine partie de Ia recolte 
est consommee sur place ; Ia plus grande partie est expediee sur les regions 
soudanaises et saheliennes oil les populations font une grosse consommation 
de noix de kola dont elles sont friandes. 

Les kolas sont ainsi transportees, depuis les temps les plus anciens, 
des regions de production (Rivieres du Sud, pays Kissi et pays Konian en 
Guinee; Pays Dan, Yakouba, Bete, Gouro, Abbe, Ngan, etc .... en Cote 
d'lvoire;, cercles de Porto-Novo, Cotonou et Ouidah au Dahomey) vers les 
regions de consommation. 

L'exploitation se fait soit par semis naturels, lors des defrichements 
forestiers, soit par s~mis, soit, exceptionnellement, par bouturage. 

Les insectes les plus nuisibles aux noix de Kola sont incontestablement 
les charan~ons : · 

Balanogastris kolae Desbr. et 
Paremydica insperata Fst. (Curculionides, Coleopteres) 

qui occasionnent des degats souvent tres importants. 
Ces charan~ons vivent dans les noix des differentes especes et 

varietes de kolatiers (Cola nitida, Cola acuminata). On les rencontre 
souvent dans les follicules des fruits prosque murs, encore adherents aux 
arbres. Mais ~·est surtout dans les magasins oil sont stockees les noix de 
kola que leurs degats sont les plus considerables. 

Les insectes nouvellement eclos s'accouplent au bout de 2 a 3 jours~ 
La ponte commence quatre jours apres l'accouplement. La £emelle depose 
ses oeufs separement, dans un trou qu'elle a cretise avec son rostre. 

La ponte a lieu d'abord dans Ia pulpe qui entoure Ia noix, l'insecte 
profite pour cela des lesions faites dans les fruits. · L'attaque a lieu, par Ia 
suite, dans les cotyledons memes de Ia noix. La larve creuse une longue 
mine sinueuse, se dirigeant de haut en bas et vers le centre de Ia graine, le 
trajet est irregulier, Ia galerie est remplie par les dejections de Ia larve. Au 
moment de Ia nymphose, cette derniere creuse une chambre Iegerement 
plus large dans laquelle elle se transforme. 
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L'attaque commence souvent sur les arbres, le charan~on adulte se 
deplace facilement et peut visiter beaucoup de fruits ; il semble profiter 
des blessures faites sur ces derniers par d'autres insectes ou des trau­
matismes provoques au cours de Ia cueillette. B. kolae a cependant une 
preference marquee pour les fruits tombes a terre et ces derniers sont 
souvent des reservoirs a insectes. La majorite des fruits arrivent au 
magasin piques ou infestes, ce qui oblige a trier noix par noix avant 
!'expedition. On nous a signate dans Ia region d'Adzope (Cote d'Ivoire) 
des pertes de noix pouvant etre superieures a 30%. 

L'attaque continue dans les magasins mal tenus, ainsi qu'au cours des 
longs voyages que les noix de kola effectuent a travers toute l'Mrique ce 
qui oblige les commer~ants et les colporteurs a verifier tous les 5 a 8 jours 
le contenu de leurs paniers de kola et a faire consommer immediatement 
toutes les noix piquees. 

MOYENS DE LUTI'E CONTRE LES CHARAN(:ONS DES NOIX 
DE KOLA 

A. Chevalier et E. Perrot (1) indiquent, dans l'ouvrage important 
qu'ils ont consacre au kolatier, que les colporteurs Dioulas d'Afrique 
occidentale, utilisent certains procedes pour mettre leurs noix de kola a 
l'abri des attaques des charan~ons. Ces colporteurs lavent les noix a 
l'eau de savon dit de " Marseille " ou a l'eau de savon indigene fabrique 
avec des cendres et de Ia graisse de Kobi (Carapa procera Meliacees). 

Au Ghana, W. H. Patterson (13) relate que les colporteurs 
Haoussas emploient pour le meme usage un melange de jus d'ecorce de 
Rauwolfia vomitaria (Apocynacees) et de jus de papaye (Carica papaya 
Caricacees), ce que J. M. Dalziel confirme dans son ouvrage (The Useful 
plants of Tropical Africa- 1937). 

Les premiers essais de desinsectisation des noix de kola ont ete 
effectues par P. Lesne, et Joanny Martin (9) en 1898. 

lis ont utilise le sulfure de carbone et le chloroforme pendant 2 a 3 
jours, a la pression atmospherique; les charan~ons ont bien ete detruits, 
mais les noix ont ete alterees. 

Avec le gaz d'eclairage, employe sous vide partie! (obtenu par trompe 
a eau) les resultats ont ete meilleurs car les noix etaient beaucoup moins 
alterees. 

E. Hargreaves (5) a essaye, en 1928, au Sierra-Leone, Ia conservation 
des noix en saumure; Ia protection est efficace mais les noix conservees 
sont desagreables au gout. Le sulfure de carbone et l'acide cyanhydrique 
tuent le charan~on mais alterent les noix. 

A. Mallamaire {n) a utilise en 1933, au Laboratoire de Bingerville 
(Cote d'Ivoire) Ia chloropicrine. Les essais ont ete faits a Ia pression 
atmospherique et ont permis de conclure que 5g./m3 durant 15 heures, 
7g.5/m3 durant 10 heures et 10 g./m3 durant 5 heures tuent les adultes et 
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les mymphes de Balanogastric kolae. Par contre, des doses doubles et des 
durees d'action quadruples sont insuffisantes, dans les memes conditions, 
pour tuer les larves parfaitement protegees dans les galeries par leurs 
dejections qu'elles tassent derriere elles. La chloropicrine a ces doses 
n'altere pas les noix; ce n'est pas, cependant, un procede recommandable. 

En I936, E. Hargreaves (6) au Sierra-Leone, a fait connaitre que le 
traitement au sulfure de carbone a 3% durant 3 heures tuait les charan~ons 
a tousles stades et n'alterait pas les noix; par contre, l'eau bouillante et le 
tetrachlorure de carbone etaient inefficaces et abimaient les noix. 

En I938, nous avons repris la question avec le concours eclaire de M. 
le Professeur P. Vayssiere et de P. Lepesne. 

Les noix de kola provenaient de Bingerville (Cote d'Ivoire) ; elles 
etaient tres parasitees a la fois par Balanogastris kolae et Paremydica 
insperata. 

Ces essais de desinfection ont ete effectues dans }'autoclave experimental 
de I m3 (systeme Mallet) du Museum National d'Histoire Naturelle sous 
vide partie}, avec le melange bromure de methyle gaz carbonique. 

Il a ete reconnu que le traitement avec So gr.fm3 durant I heure (avec 
vide prealable) donnait des resultats parfaitement satisfaisants aussi bien 
en ce qui concerne la destruction des charan~ons a tousles stades, qu'en ce 
qui concerne Ia bonne conservation des noix traitees. 

A la suite de ces essais, que les circonstances de guerre n'avaient pas 
encore permis de publier, il parait opportun de recommander !'installation 
de quelques ateliers de desinfection avec vide prealable, notamment dans les 
centres ou un important tonnage de noix de kola est manipule (Agboville, 
Sassandra, Abengourou, Gagnoa, Bouake, Bobo-Dioulasso, Kankan etc .... ) 

Deux formules peuvent etre recommandees : 
-}'installation fixe; 
-}'installation mobile. 

INSTALLATION FIXE DE DESINFECTION 
Elle comprend essentiellement un autoclave cylindrique a paroi 

metallique muni d'une ou deux portes a fermeture etanche ou le vide peut 
etre porte rapidement a 670 et meme 720 mm. de mercure, une pompe a 
Vide appropriee, des canalisations, un appareil a vaporiser le produit 
insecticide, un gazometre, un appareil doseur et les instruments de 
controle. 

La Societe Mallet specialisee dans Ia desinsectisation avec vide 
prealable a meme cree des stations monoblocs transportables, qui sont 
susceptibles de rendre de grands services dans le cas particulier de la 
desinsectisation des noix de Kola. 

L'autoclave (5 m3) et les appareils annexes sont reunis sur le meme 
bati et }'ensemble peut etre transporte par chemin de fer et par camion. 
II suffit ensuite de !'installer sous un hangar convenable. 

N 
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INSTALLATION MOBILE DE DESINSECTISATION 
La meme installation peut etre montee sur le chassis d'un camion 

puissant et devient alors mobile par ses propres moyens, ce qui represente 
bon nombre d'avantages. 

Un appareillage de ce genre a ete construit pour !'Algerie pour Ia 
desinsectisation des figues de Ia Kabylie. 

MEmODE DE TRAITEMENT 

La methode de traitement a !'aide de bromure de methyle que l'on 
peut recommand.er est Ia suivante: on realise un vide de 670 mm. que l'on 
maintient dans }'autoclave durant 15 minutes avant de commencer a y 
introduire le melange de fumigant et d'air. Cette technique permet 
l'etablissement de l'equilibre de pression entre !'atmosphere de }'autoclave 
et celle des galeries ou vivent les larves des charan~ons qui tassent fortement 
derriere elles leurs excrements et obstruent ainsi presque hermetiquement 
celles-ci. 

L'atmosphere toxique est maintenue durant une heure quand Ia 
temperature n'excede pas 25-26° et 45 minutes quand elle depasse ce 
chiffre. 

L'introduction du melange dose en proportion constante du fumigant I 
et d'air (8oG./m3) fait chuter le vide de 670 a 20 mm. et }'exposition aux 
vapeurs se fait sous ce vide de 20 mm. On casse ensuite le vide jusqu'a 0, 
c'est-a-dire que l'on revient a Ia pression atmospherique puis on procede a ~ 
2 rin~ages, en revenant chaque fois a Ia pression atmospberique et en faisant 1 
le vide a 670 mm. 

A l'heure actuelle on emploie le bromure de methyle seul, sans addition ~ 
de gaz carbonique. Fabrique couramment par notre industrie, le bromure l 
de methyle est livre en bouteilles metalliques et voyage parfaitement. II 
suffit de prevoir un approvisionnement regulier. 

Avec un autoclave de 5m3 on peut faire 4 a 6 operations journalieres ; 
a raison de 200 kgs. par ID3 1 il est possible de traiter 4 a 6.000 kgs. de noix 
embaltees par jour. 

MESURES PRO:PHYLACTIQUES 
En attendant que les installations officielles et privees se realisent, il ne 

faut pas perdre de vue que certaines mesures prophylactiques sont 
susceptibles de donner de tres bons resultats. Ces mesures sont les sui­
vantes: 

Recolte et destruction de tous les fruits tombes a terre 

Ces fruits, toujours plus ou moins alteres, sont des nids a charan~ons. 
Ces derniers y pullulent litteralement ; comme il peut y avoir une genera­
tion par mois, Ia meme cabosse abandonnee sur le sol peut, pendant 2 ou 3 
mois, donner naissance a 2 et meme 3 generations (au dela de ce laps de 
temps les noix sont, en general, entierement detruites ou pourries). 
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II sera bon de faire proceder a l'enlevement des fruits tombes eta leur 
destruction par incineration ou enfouissement profond. 

Recolte des fruits de l'inter-recolte avant maturite et destruction 
ainsi que le recommande W. K. PATI'ERSON (q.-p. 194) 

Ce procede est evidemment recommandable et permet d'eviter la 
presence de couvain a l'etat permanent dans les plantations, mais le signa­
taire de ces lignes estime que si l'on peut, ala rigueur, obtenir des planteurs 
africains qu'ils recoltent et detruisent les fruits avaries, on ne les decidera 
pas a detruire une partie de leur recolte. 

Nettoyage des magasins et maintien dans un etat de proprete 
parfait des ateliers d'emhallage des noix de kola 

II faut avoir vu les ateliers d'emballage des noix de kola en Mrique 
occidentale pour se rendre compte des excellentes conditions de developpe­
ment qui sont offertes aux charans:ons. 

II est recommande d'operer l'emballage sur des parquets cimentes et 
non pas sur Ia simple terre battue qui permet aux charans:ons de trouver 
de multiples abris. Tous les detritus provenant du triage des noix (debris 
de cabosses, noix attaquees, feuilles" d'orofira" constituant les emballages) 
• • . seront detruits par incineration ou profondement enfouis. Les 
magasins seront chaules frequemment et si possible les parois et le sol en 
seront traites avec une bouillie de D.D.T. so (a raison de 2 Kgs. de pro­
duit par IOO litres d'eau) ou une emulsion de lindane a IS% (S litres de 
produit pour IOO litres d'eau~ a raison de SO CC. par metre Carre. 

SUMMARY 

The most damageable insects for the Kola nuts are the Weevils 
Balanogastris kolae Desbr. and Paremydica insperata Fst. whose larvas 
bore deep mines into the nuts. 

It is possible to fight successfully against the Weevils by keeping the 
storehouse clean, by a careful selection of the nuts and by fumigation under 
partial vacuum of the packed nuts with methyl bromide at a So grams per 
cubic metre ration during one hour. 
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L'EQUIPEMENT DE L' AFRIQUE NOIRE FRANCAISE EN STATIONS 
DE DESINSECTISATION SOUS VIDE P ARTIEL 

par A. MALLAMAIRE 

Chef de Ia Protection des Vegetaux en A.O.F. 

En 1947, le Ministere de Ia France d'Outre-Mer (Direction de 
l'Agriculture) a prevu l'installation, dans les principaux ports d'Mrique 
Noire et de Madagascar, de Stations de desinsectisation sous vide partiel, 
destinees a traiter les denrees afin de les proteger contre les insectes, a 
}'importation, a }'exportation ou avant le stockage. 

Ce plan, finance par le Fonds d'lnvestissement et de Developpement 
Economique et Social (F.I.D.E.S.) a ete mis en application a partir de 
l'annee 1950. 

STATIONS AUTOCLAVES MANUTENTION 

.Volume Voies 
70 so 20 IO 4 total par de Plaques Wagon-

ID3 ID3 ID3 ID3 ID3 op~ration omSo nets 
1-

En service m3 m 
DAKAR •• .. I - I I I I04 300 IO 36 
DOUALA .. I - I I - IOO 300 IO 36 
POINTE NOIRE I - I I - IOO 300 IO 36 
En Projet 
ABIDJAN .. I - I I - IOO 300 IO 36 
LOME .. - I I I - So 210 10 2S 
CONAKRY .. - I I I - So 210 . IO 2S 
MOPTI •. .. - 3 - - - ISO 300 I2 72 

En 1952, Ia premiere station de desinfection de l'Mrique Noire 
Fran~aise entrait en fonctionnement a Dakar, puis par Ia suite, etaient 
mises en route Ia Station de Pointe Noire (1955) puis celle de Douala (1956). 

Ces Stations de desinsectisation sont comparables a celles qui existent 
en France (Le Havre, Bordeaux, Marseille, Paris, etc.) et en Mrique du 
Nord (Alger, Oran, Bougie, Bone, etc.). Elles utilisent Ia fumigation sous 
vide partiel (Systeme brevete Mallet) a l'interieur de tanks cylindriques 
etanches a l'aide de fumigants appropries (bromure de Methyle, oxyde 
d'ethylene, acide cyanhydrique). 

Voici a titre d'exemple la description sommaire de la Station de 
Daka.r et quelques details sur son fonctionnement. 
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AUTOCLAVES 
La Station de Desinfection de Dakar comprend : 
- Un batiment a charpente metallique de 70 metres de longueur 

sur IS metres de largeur avec toiture a double pente en tole ondulee et 
pieces annexes sur le cote (bureau, laboratoire, salle des machines) edifie 
sur un socle en beton arme de I metre de hauteur, 

Ce batiment abrite les installations suivantes : 

I. -les autoclaves et leurs accessoires. 
2. -les appareillages de vide et leurs accessoires. 
3· -les appareils generateurs de fumigant et leurs accessoires. 
4· -les appareils de controle et de securite. 
S· -les appareils de manutention. 

La Station de Dakar est equipee avec 4 autoclaves : 
- un autoclave de 70m3 pouvant recevoir I2 wagonnets. 
- un autoclave de 20 m3 pouvant recevoir 4 wagonnets. 
- un autoclave de IO m3 pouvant recevoir 2 wagonnets. 
- un autoclave de 4 m3 specialement equipe pour le traitement des 

vegetaux vivants a l'aide de l'acide cyanhydrique. 

Les autoclaves sont en tole d'acier, epaisse, de forme cylindrique, 
de 2m. 20 de diametre interieur, ils sont munis a chaque extremite d'une 
porte debouchant dans des salles distinctes de chargement et de decharge­
ment, isolee l'une de l'autre par une paroi ma~onnee continue, montant 
jusqu'au faite du batiment, et rendant par consequent impossible Ia 
recontamination des marchandises traitees par des insectes venant des 
marchandises non traitees ; un dispositif mecanique simple empeche 
pour chaque autoclave l'ouverture simultanee des deux portes . 

. Chaque autoclave est pourvu d'un dome de securite qui assure d'une 
maniere absolue Ia protection contre une inflammation ou une explosion 
se propageant par Ia tuyauterie. 

APPAREILLAGE DE VIDE 

Le vide est obtenu a l'aide d'eletro-pompes a vide sec rotatives a 
palettes qui peuvent produire un vide de 6so a 720 mm. de mercure en 
une dizaine de minutes. 

Pour une installation de I04 m3 (7o-2o-Io-4) on utilise deux groupes 
electro-pompes ayant les caracteristiques suivantes : 

Volume engendre 
Vide maximum en vase clos 
Puissance absorbee a 6o% de vide 
Puissance necessaire au moteur 

I .ooo m3/heure 
go% 
20 cv 
24CV 

Chaque groupe est dote d'un dispositif de securite provoquant 
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l'arret immediat du moteur electrique si, pour une raison quelconque 
(manque de pression dans le reseau d'alimentation, presence d'un corps 
etranger obstruant les canalisations d'amenee d'eau ou les lumieres de Ia 
chemise de refroidisement), le debit d'eau est insuffisant ou n'est plus 
constate a la sortie de Ia pompe. 

Ce dispositif constitue egalement une protection contre les dangers 
d'inflammation interne des melanges gazeux par suite d'echauffement 
excessif des pompes, si !'alimentation en eau de refroidissement ne se fait 
pas ou se fait tres difficilement pendant son fonctionnement. 

APPAREILS GENERATEURS DE FUMIGANTS 

Pour les fumigants a bas point d'ebullition comme le bromure de 
methyle, l'appareillage comprend: 

- une balance automatique qui sert a verifier Ia quantite de gaz 
utilise a chaque operation. 

- un flexible pour le raccord. 
- un vaporisateur constitue par une capacite jaugeuse, un dispositif 

de rechauffage par serpentin avec circulation d'eau chaude une jauge 
magnetique et un manometre de controle. 

- un chauffe-eau electrique a accumulation. 
- un ballon d'expansion. 
- une colonne de neutralisation (a carbonate de soude). 
- un tableau de commandes. 
- un gazometre regulateur et de stockage constitue par une cuve 

annulaire, une cloche equilibree et compensee par dispositif a siphonnage 
brevete. La garde du gazometre est constituee par de la glycerine et une 
couche d'huile protectrice. 

- un dispositif avertisseur sonore (par contacteurs a mercure) de 
remplissage et de vidange, une regie de jauge, un dispositif de rechauffage 
par elements electriques. 

APP AREILS DE CONTR6LE ET DE SECURITE 

Les appareils de contrOle sont constitues par un manometre enregistreur 
branche sur chaque autoclave. 

Les diagrammes donnes par cet appareil constituent une piece de 
reference importante pour la marche de Ia Station et sont conserves durant 
un an. 

La detection du bromure de,methyle, gaz assez toxique pour 1 'homme, 
est faite a l'aide d'acetate d'amyle incorpore au bromure ala dose de 3 ofoo 
et son odeur sert d'avertisseur. 

En outre, la Station est equipee de deux lampes detectrices a halo­
genures qui brulent en permanence lorsque la Station fonctionne. 
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TABLEAU CENTRAL DES COMl\IANDES 
Les diverses vannes et robinets, les dispositifs de controle et com­

mandes electriques sont rassembles sur un tableau central de commandes 
place dans le laboratoire. 

Ce tableau commande les dispositifs suivants : 

par autoclave: 
- une vanne d'isolement du collecteur de vide. 
- une vanne d'isolement du collecteur de gaz. 
- une vanne d'isolement du collecteur de rin'rage. 
- un robinet 3 voies de service du joint. 
- une minuterie pour controle du temps des fumigations. 
---: un voyant de controle de mise sous vide. 
- un mano-barometre a mercure pour controle du vide. 
__._ un manometre de controle de gonflement des joints. 
- un enregistreur manometrique. 

par po~pe a vide : 
- une vanne d'isolement du collecteur de vide. 
-uri robinet d'admission d'eau de refroidissement a poignee speciale: 
- une boite a boutons poussoirs. 
- un voyant de controle de marche des moteurs. 

par generateur: 
- une vanne d'isolement des collecteurs de gaz. 

par pompe hydraulique : 
- un robinet d'isolement de refoulement. 
- un manometre de controle. 

Un tableau electrique avec interrupteur general, voltmetre, ampere­
metre, voyant du controle de fermeture du circuit general, commande tout 
le dispositif electrique. 

APPAREILS DE MANUTENTION 
La manutention des marchandises a; traiter ou traitees, emballees en 

sacs ou en caisses, necessite un important materiel de manutention con­
stitue par des voies, des plaques toumantes et des wagonnets. 

Les wagonnets sont entierement metalliques, d'une force de 4 T.; ils 
roulent sur des voies de o m Boo en rails a omiere, avec des plaques 
toumantes de I m. 500 de diametre j ils ont ete amenages avec des ridelles 
metalliques. 

Le type de reseau employe est le reseau droit. 
Un gabarit metallique installe a l'entree permet un arrimage con­

venable des sacs sur les wagonnets et evite des pertes de temps a }'entree 
des autoclaves. 
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A l'exterieur, les voies de om. 8oo situees sur le quai de dechargement 
permettent Ia manutention rapide des marchandises a traiter. 

Une voie ferree, reliee au reseau du port, permet l'acheminement 
direct des wagons a partir des quais du mole 4· 

TECHNIQUE DE DESINFECTION 
La Station de Dakar utilise comme fumigant le bromure de methyle 

(a raison de So gr./m3) pour les denrees et produits vegetaux et l'acide 
cyanhydrique pour les vegetaux vivants. 

La technique employee est la suivante : 
On fait le vide jusqu'a 700 mm. ; puis on introduit un melange dose et 

en proportions constantes de fumigant et d'air jusqu'a Ia chute du vide de 
700 mm. a 20 mm. 

L'exposition aux vapeurs insecticides, c'est-a-dire Ia desinsectisation 
proprement dite, se fait pendant Ia duree prevue (laquelle est fonction de 
Ia marchandise a traiter et de Ia temperature) sous vide de 20 mm., ensuite 
le vide est casse jusqu'a o (retour a Ia pression atmospherique) puis on 
repete }'operation qui consiste a remonter le vide a 700 mm. et a laisser 
aussitot }'autoclave revenir a Ia pression atmospherique (ce qu'on appelle 
un rin~age ou R). 

Cette serie d'operations a ete mise en formule et s'exprime ainsi: 

o - 700 - 20 - o - 2 R 

La duree d'action du bromure de methyle est comprise entre 1 h.! et 
2 heures ; quelquefois meme on laisse agir le fumigant durant toute Ia 
nuit (les autoclaves charges en fin d'apres-midi restent sous gaz jusqu'au 
lendemain matin). 

Pour l'acide cyanhydrique on traite a 7 gr. par metre cube durant 
24 heures. 

PERSONNEL 
Le personnel charge de l'exploitation de Ia Station comprend : 

- un chef d'exploitation, Directeur de Ia Station. 
- un chef mecanicien charge de l'entretien et des reparations. 
- un mecanicien africain, specialement charge du graissage. 
- quatre manoeuvres charges de Ia conduite des wagonnets a 

l'interieur de Ia Station (le chargement et le dechargement a quai incombant 
aux utilisateurs). 

- un gardien. 

Ce personnel est suffisant pour assurer le fonctionnement normal et 
continu de Ia Station. 
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CAP A CITE DE TRAITEMENT 
La Station de Desinfection de Dakar peut traiter, en moyenne, 370 

metres cubes par jour de denrees diverses, en fonctionnement normal, 
c'est-a-dire sans operation de nuit. 

Cela represente, a raison de 26 jours ouvrables par mois, une capacite 
mensuelle de traitement de 9.620 metres cubes et une capacite annuelle de 
II5.440 metres cubes. 

SUMMARY 
French Central and Equatorial Mrica is gradually setting up part 

vacuum (Mallet patent method) disinfection stations which use fumigation 
with gas insecticides such as methyl bromide, ethylene oxide, cyanhydric 
acid in sterilisers with a pre-arranged part-vacuum of 700 mm. mercury. 

The following stations are already in operation: Dakar (104m3) since 
1952, Pointe Noire (100m3) since 1955 and Douala (roo m3) since 1956. 

Arrangements have also been made for the seaports of Abidjan (roo 
m3), Lome (So mJ), Conakry (So m3) and for the river port of Mopti in the 
French Sudan (15 m3) for the disinfection of dried fish. 

As an example is given a summary description of the Dakar Station 
in which the following machinery is used : 

Vacuum installation-apparatus for the producing of fumigants­
control and security apparatus-working apparatus. 

A short explanation is also given concerning the technique of dis­
infection. 
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