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ABSTRAC T 

Th e t r a d itional met ho d of storage and the use of insect~cidal 

protec t ants o n grains in Nigeria h a ve attendant p roblems and r isks b t h 

to t he consume r and o p e r ato r . Silo usage in Ni ger i a was also discou raged 

b ecause of physic I pro b lems of moisture migration and condensat i on 

and consequently s poilage of t h e st o r ed commOdity . The possibl e use of 

ni troge n as i nsec t cont r o l met hod in rnin i silos to r ep lace the trad i ­

t ion 1 methods of ins e ct control in s torage was tested . 

Tests were d one 0 d etermine the exposu r e ti me required to kill a l l 

the l i fe stag es o f ma i ze wee v i ls , Si top h i l us z eamais, and the larvae of 

khap ra b e tles TrogodeI'ma g r an a rium. They were carried out in airtight 
3

min i si l os of 0. 65 m capaci ty , in the environment p roduced by maize ot' 

13. 5% mo i sture con tent sto r ed under n ar to pure nitrogen. 

Va r i ous exposure t i mes requi red to k il l developing ma i ze weevils and 

l arvae of khap r a b eetles at 27°C + lDC were observed in the conditions 

r e presentLng rea l i n e r t gas silo storage practices . The eggs and the 

adu l t stages of maize weevi l s were mor ~usceptible to anoxia than the 

la rval and pupal stages . The du r ation of exposure r eq u ired to kill t h e 

eggs , l ar ae , pupae and adults of maize weevi l s were 4 . 0, -.5 , 8 . 0 and 

3.0 ays respectively , while 5.0 days exposure to ni trogen killed all 

the larvae of khapra beetle. 

The number of live insects at the beginning and the end of a ten 

wee ks sto r age trial of maize a 13 . 5% was assessed in minisilos under 
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nit r o g en and cont rols in air. A f ull k i l l o f al l stored p roduct i n s ects 

wa s ac h i eved in ni trogen , while a ve r y hi g h insect infesta t ion pers i s ted 

i n the c on t r o ls . 

I TRODUCT I ON 

Ab out 10 mill i o n tons of Nigerias' maj or stap l e foo d c r op v i z. 

so rghum, mi llet, mai z e and r i ce a r e produced a nnu a l ly ; 1 0 - 25~ of the 

g rai n s are howe ve r los a n n u a l l y t o s t o red product i nsects . 

Var ious methods us ed t o cont r ol i ns ect infestat ion i nc l ude the trad i­

t i o nal m t h od s of smOking , use of l oc al p l a n ts , s and and ashes a nd 

cecen t l y mod e r n technology us h e r ed in the u se of chemicals wh ich are 

main ly org an ' c pOisons . Th e us e of c hem i c al p rotect an ts on g r a i ns in 

storage was immed i ately accep ted bec a use t h ey are c heap. effect i ve in 

s mal l qua n t i t i es . p ersi stent and b r'oadly toxi c and req u i re very Ii ttle 

l ab o u r fo r t h e ir e mp l oyment . u n ti l attendant p r ob lems and ri s k s bo t h 

t o t h e co nsumer and o pe r ato r we r e i de n t i f i ed . Some i nsect i c i des l eave 

u ndes i r a b l e taint effect o n seed a nd also d amage the v i ab i l i ty o f the 

s eed s . Cases of i n sects developi ng resistance t o insecti cides a re very 

fr e que n t . Co ns e q uently new p r oducts kee p com i ng into t h e storage 

b u s i ne ss and t hi s r e qui r es more extension t ime t o conv i nce 0 r farmers 

to adopt t h e n ew i n secticide s . To r ep lac e t h e use o f i nsecticides in 

our gra ins th e r efo r e , a c u e was tak en f r o m the cl im o f Assoreni 

( Shejbal , 1978, 19 79) t hat sto ring g r ains i n silo purged wi t h ni trogen 

will e l i m' nate : 

(a) Tox i c i ty of in ecticides to both consume r and operato rs 

( b l nsect resistance developing in r esponse to insecticides 

ecl Problems of insec t reinfestation , since the storage st ructure is 

a i rt i ght . 

A s mall scale trial of c o n tro lled atmosphere sto rage of rna ze in 

minisi 1 0s was jointly c onducted by NSPRI Nigeria and Assoreni of Rome 

to determine t h e effect of Nitrogen on t h e l i fe s tages of maize weevi l s 

and larvae of k h ap r a be et les , in Ni geria. 

A s ummary of t he exposure i me requi r ed to kill adults, pupae , 

larvae and egg ~tages of ric e wee i1 was given to be 2 , 18 . 4, 8 . 9 and 

9 . 3 days respectively (L i ndgren and Vincent , 1977). 
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MATER I LS 

The atmo s p here for testing th e e f fec t of n i troge n on the li fe sLage s 

of ma i ze weevi l and t he larvae of khapra beet l e was p r ovided by 0 .3 

ton nes of l3. 5~ mo i s t ure maize stored i n mi nis ilos of 0 . 5 m
3 

capac ity . 

Two mi n isi l o s we r e use and each con s i sts essen t ial l y of two mai n 

par ts . a long cy l i ndr i ca l b ody cont ains the insect cage i n troduction 

point whi c h is a p erfo r at ed me tal tub e reach i ng 2/3rd of the diame ter 

of the mini s ilo. it is e q uiped with a r apid closing valve . By th i s 

arrangeme nt the c omp o s i t i on an r elat i v e humi di ty o f the atmosphere 

ins i de t h e mi ni si l os and i n the insect c ages was maint a i n ed t h e same . 

The i nse ct cages we r e of c yl indrical s h ape made of p l e xi g las . Th e 

cage was 2 i nc hes l ong and 1 i nc h in diame ter . Both ends of the 

cyli ndr ical cag e we r e c o v e r ed with 60 mesh pe r i nch nylon nets to allow . 
fre e mov e ment of ai r . The l id of t h e cage was e qui ped with a h andle for 

e asy a nd quick i ntroduc t ion and r emova l of th e ins ect cages in t he 

mini si l os . 

The maize weev ils and khapra b eetles u sed were from l a boratory 

c u lt u res r eared on so rghum a nd cowpeas res pect i vely at 26 + 1°C a nd 

70% + 5 % f'.h. 

The eggs , la r v ae and t h e p upae of ma i ze weevils were ob tained by 

expo s ing d isinfes ted sorghum ( sorghum ke rn Is were dee p frozen for 

7 day s b e fo e use) to egg lay ing adult weev i ls for 5 days i n t he 

Nigerian Stored Product s Resea ch Inst i t u te 's earing room. The l ife 

s tages o f the dev e lopi ng maize weevil progeny were est i mated on the 

b as i s of develo pmental activities reported i n ea r li e r papers (Shariff 

and Mi l ls, 1 971 who cor r elated days f rom oviposition with developmen­

tal stages by us i ng da i ly radi og raphing of nfested kernels and 

confi rmed the stag es b y meas u e ments of la r ae head capsules . For this 

t es t, th re fo re, ages o f the life stages of maize weevils in sorghum 

kernels were taken as f ol l ows : 7 days afte r start of ovipos i t i on = eggs , 

16 d ays af t r start of OViposi ti o n = larvae . 28 days after start o f 

ov ' pos 'ti o n pupae . 

Th e l a r vae of khapra b eet l e used were from laboratory eu tures . Th e 

adult beet l es we r e r eared on disinfested "Black - eye" beans under 

27°C ~ 1 °C an d 70< + 5% r . h . condit i ons . Forty khapra beetle larvae 
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were selected (active) for thi s test . The l arvae were put on disinf este 

" Blac k- eye " b eans in the s pec i al insect cages that f itt e d the insect 

cage compartment the of the mi n isilos . 

EXPERIMENTAL PROCEDURE 

Fo r ty adu lt ma i ze weevi ls were put into each insect cage c ontaining 

dis i n f ested sorghum and int r oduced into the minisilos . The cages were 

l eft in the mi nisilos for p er "ods ranging from 24 hours to 120 hours . 

The fi r st b a tch i n nitrogen was r e moved after 14 hours, remo a1 were 

made every twenty fo ur hours thereafter and the last batch of the 

insect cages were removed 1 2 0 hours after introduction into the minisi l 

p urged wi th n it rogen . 

One hund e d kernels of sorghum containing different life stages of 

ma i ze weevil were put into each of the insect cages and introduced 

into the minisi10s at different per i ods . Each of t h e ages cont in i ng 

di f f e r ent d es i gna ted life stages of maize weevils were purged with 

n it ogen in t h e min i silos for pe lods varying fro m 24 hours to 240 

hou rs , t he insect cages lere removed every twenty - fou r hours . 

F r ty la r'vae of khapra beetle were used pe r each i nsect cage and 

i ntrod ced for periods varying from 24 to 240 h ou r in minisilo purged 

with ni tI'og e n . 

Paral l el con trol expe riments were cond ucted i n 0 . 14 tonnes of maize 

stored in non - a ir- tight tanks . 

After removal from t he minisilos the cages containing the deSignated 

l ife stages of maize wee i1 were kept in the rearing room alongside 

wi th the " r contro l s to observe progeny emergence . The samples were k ept 

at 27° C and 70% r . h . and examined periodically . Mor ta lity in t he 

immature stages of maize weevil s was based on the relative number of 

adults emerging from treated and I~ntreated samples . The ad~lts of maize 

wee i l an larva of khapra beetles were also stud i ed under the 

b i nocular mi c ro co p e f or a period of time sufficient to confirm the 

ki lling effect o f nitrogen, si nce it is known that mortality may be 

delayed in some fum i gants and some fumigan ts only cause temporary 

paralysi s ( .A.O . , 1969). 
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PRE-P URG I NG AND PO ST - PURGING ASSESSMENT OF INFESTATION 

The numb e r of li ve insects at the beginning and he end of the 10 

we e k sto~age tr i al of maize a t 12. 7% moisture was assessed in mini silos 

un der ni trog en and controls i n air. This was d one by sieving one kilo ­

gramme of the s helled maize wi th 10 mesh per i nch sieves . The 1 kg 

samp les we re t ake n at r andom. The s i eved insects we r e each identif ied 

and cou nte d. 

Three h und r ed kerne ls were se l ected r andoml y and incubated at the 

s t art a nd end o f the storage pe riod i n the rea r i ng room of 27°C and 

70% r.h . f or 6 wee ks. Emerged adu l s were sieved periodically from the 

samples a nd t h e number was record ed . Count i ng was te rm inated at 6 weeks 

so as no t to inc l ude the second gene r ati o n of insects . 

RE SU LTS AND DI SCU SSI ON 

Dat a i n Tabl e 1 show a variat ion in t he exposure time required to 

k i ll a l l the live stages of ma i ze weevi l and larvae of khapra b eetles 

in n itroge n. The egg and t h e a dul t stages of ma i ze wee '1 were more 

s uscept ibl e in n it r o ge n atmos ph re t han t he l arval and p u pal stages . All 

the larvae o f kha p ra beetle tested were k~ ll ed after 5 days of exposure 

to n itrogen. Exposi ng the adults of maize weevil and l a r vae of khap r a 

b eet le to n it rogen fo r periods b el ow t ha t req u i r ed to kill them, o n ly 

caused temp o ra ry paralysi s and s ome of the i nsects recovered after t h ey 

were resto r e d to fres h air . Adu l t eme r gence wa e l ayed (compared with 

co n tro l i n a i r) i n sampl es contai ning i mmature stages of maize weevils 

wh en e x posed to ni t rogen for pe r iods below the required time to kill 

them. 

TA BLE 1 
Time in days r e q ui r e d to kil l a l l adu l ts and developing stages of maize 
wee il a nd l arvae of khapra beet es in m' n i s ilos under 99 . 9~ nitrogen. 

Sp e cies Des i gnated Tempe r at u re Exposure Commodity 
stages (OC) ti me (days) 

S i to~h ilus adults 26.5 3. 0 sorghum 

ze ama is eggs 26 . 5 4 . 0 

l a r vae 2 7. 0 7 .5 

pup ae 26 . 0 8. 0 

Trogod erma 
~rana r ium l a r vae 26.5 5 . 0 beans 
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TABLE 2 

Assessment of insect in fe s taLjo n of maize sLore d in mini silos at s t a rt and e nd of a ten wee ks 
p ro ef'>eT'va tion t r ial (1 l<g samp1 es) . 

Numb er of adul ts 
i.m e Gas SLaLion 

(wee k s ) Sitophil u s Cr y p to l estes Ca r p op h il u s Tr ib o lium Lasioderma Total 
eamais s p s p castan e um serricorne 

Top 10 0 5 9 1 25 
0 Nitroge n f'.H ddle 6 0 ' ..; t:. 3 1 F'. 

BoLtom 8 1 6 Fl i:. 29 

Ai r Mean ~ampl e 9 0 8 4 2 26 

'r op 0 0 0 0 0 0 

Ni.trogen Middl e 0 0 0 0 0 0 

BoLL.o m 0 0 0 0 0 0 

Air Mean sFl mol e 30 7 7 2 1 12 1 5 3 6 2 
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In Tab l e 2 , da t a ind i cat e t hat a r ull ki ll or all stored p r oduct 

insec t s was achieved in nitrog en wh ile a ve r y hi gh i nsect i nf estat i on 

pers i sted i n the c ont r o ls . F r om t h e i n it i a l samp les o f the she ll ed maize 

( n ot y et pu r ged with ni trogen , 1 kg - samp les f r o m t he top , midd l e and 

b o t t om o r t h e mi n isi los showed t hat the ma i z e was very heavi l y infested 

by s t ored produc t insects which we r e a l l el im i nated at the end of the 

s to r a ge pe ri od in n i t r ogen . 

Tab le 3 data ind icat e s that 132 ma i ze weevi l adults emerged fr om 

pre-t r eatme nt samp les a nd no emergence at al l f r om sampl es stored in 

nitroge n, af ter i ncubati ng sampl es for s i x week period i n the rear ing 

r oo m, was observed . 

TABL E 3 

Numb e r of adu lt i nsects emerged from i ncubated sampl es of maize stored 
i n ni t r oge n and i n air (200 kernels incubated from each treatment) . 

Treatme n t No . or eme r ged i nsects Inrestat i on level , by 
adult insect counts 

Sampl es of ma ize 
before st o r a ge 
in nitrogen 

132 heavily i nfested 

Sa mpl es of maize 
a f t er storage 
in ni trogen 

o no t infested at a ll 

Quali t y d eterioration in stored maize is k nown to be due, in large 

meas u re , to insect damage . Sto r ing maize in nitrogen , the r efore, has a 

g r eat pote n tial of res i u e free contro l of sto r ed product insects and 

simu l taneo s mai n tenance of q uali ty of sto re maize in airt i ght _~o rage 

rac il it i es . 
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