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1. INTRCDUCTION

The pattern of agricultural production in Nigeria
is dependent nn rainfall distribution, a very important
climatic variable, The rainfall distribution varies
from 3,500mm a year alon;; thc coast to less than 500mm
in the extreme north-eastern wert of the country and is
well reflected in the vegetational zones into which the
country is divided (Fig. 1 . ‘he vegetation varies from
the very wet coastal mangrove forest through rain~forest
and savannah to the sahel savannah in the dry north-
eastern part of Nigeria, Tove:raphy however disturbs
this rainfall pattern in some places, such as areund Jos
and Mambila Plateau areas, In the Jos Plateau are for
example, rainfall is about 2,000mm as compared with
between 1,000 to 1,500mm in other areas in the same zone,

The productien of maize and sorghum in Nigeria
renerally covers the forest and the savannah zones but the
concentration of production in a specific locality depends
on the local preferences of I{ormers and consumers, Sorghum

(Sorghum vulgare pers,) is ;rown in the savannah zones ef

Higeria and constitutes more than L0% of the total grain produced,
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making Nigeria the largest Jroducer of sorghum in Africa
(Table 1). Over 90% of this crop is grewn in the Guinea
and Sudan Savamnah zones where the mean annual rainfall
varies from 1,270mm to 500mm {#¥ajemisin, 1980).
Ceonsequently sorghum constitutes the most important
stapple focd of the people in the area, The grain is
planted at the beginning of the rainy season (May/June)
and is harvested towards the cnd of the year (November/
December). Harvesting coincides with the beginning of the
dry season, so the dry harmctirn winds help in drying the
grain, reducing the grain moisture from about 25% at harvest
to less than 129 at storape. At harvest, the dried heads
are cut, bundled together and usually stored witheut threshing
(tays, 1975). AboutMr! of groin produced goes into storage
for three %o nine months,

Table 1: Maize and Sorghwm roduction in Nigeria,
1973 - 1979 {letric Tonnes)

gaor MiAN PRODUCTION NIGLRIA'S POSITION
1973 = 19379 IN ATRICA*
!
MAIZE 1,318,400 Ltk
SORGHUM 3,694,850 18t

“Out of an average of 30 countries

Source: Anon (1978, 1979,
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Maize (Zea mays L,) on the other hand accounts for about
155" of Wigeria's total grain =ro‘uction and the country ranks
fourth among producing countries in Afriea (Anon 1978), Maize
wroduction covers the foreet and the savannmah zones but the
bulk of its production an? congumption is in the rainforest

4

and the derived savannah zones, It is thus the most important
cereal crop in the southern warts of MNigeria, vhere two crops
moy be grown in a year. In these zones, the main crop is
vlanted in March/April and lhinrvested in June/July while the
late crop is planted in lupuet ‘September and harvested in
‘lovember/ December (Fejemisin, 1980}, Only one maize crop is
grown annually in the northern parts of the country where
production is becoming increasingly important due fo an
increasing demand for the :7ein both for human consumption
and for use in poultry feed, The setting up of 2 number of
arrieultural development rrojects in nerthern Nigeria recently
has led to an increased production of this grain tc meet
these demands,

There are verious methodls of storing cereals in
Migeria. Giles (196La) recorded five basiec types of

storage structures in the northern states and reported
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that most of the orops are stored unthreshed in the
earthenware or plant material bins, Caswell and Apeji
(1977) described three main methods of storage of
gorghum and millet in the northern states and pointed
out that local farmere still store their produce in
mud granaries (Hausa - rumbu) and that bundles of
gorghum are only brought out for threshing when needed
for food or for sale, (lder and Peters (1962) reported
that in the southern states, maize is stored = -—-""
bamboo cride on the farms or simply hung (partly
de~husked) from rafters of houses while cooperatives
and government agencies usuclly store shelled maize in
metal bins,

All the cereals produced in Nigeria are attacked
by several pests in the field and in storage. Cornes
(1964) compiled a list of insect pests associated
with various stored products in southern Nigeria and
some parts of the north while Ciles (1965) recorded
the stored product insects ~ssociated with sorghum
in the northern part of liigeria, The moet important
of these pests are insects belonging to the orders

Coleoptera and Lepidopterz (Tzble 2), Among these
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storage pests, some are reported to attack the grain
from the field while others are known to be associanted
with grain only in storoge. Mugasidia ap. (Lepidoptera:
Thycitidae)} im recorded ns & field pest of drying maize
causing an initiz)l damege of about 5% (Cornes and
Rilley, 1962), Erachypeilus sp, (Coleoptera:
Nitidulidae) is also recorded as a pest of drying
rorghum in the field (Giles, 1965). These two insecis
are carried from the field toc the atore but do not
continmue to breed in storage, presumably because of
reduced grain moisture., The most important insects
attacking grains both in the field and in storage are

- Sitophilus spp. (Coleoptera* Curculionidae), Sitotrogs

cerealella (0liv,) (Lepidopterms Gelechiidae),

Bhizoperthe dominica (Fab: (Coleoptera: Bosirychidae)

and Cryptolestes ugandac (llowe & Steel) (Coleoptera:

Cucujidae) (Giles, 1965, Three insect pests
ragarded as the most important on whole grains
~of sorghum and maize in Nigeria are Sitophilus spp,

Sitotroga cerealella and }hizopertha dominica (illes,

1965; Anon, 1976).
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Giles {1964b) concluded from a market survey at
Samaru, near Zaria, that inscct damage to sorghum
increases from May, reaching a peak of about LO% in
tugust and then slowly declines to about 2% in January -
February. Low grain molsture during the dry season was
found to be responsible for the low level of damage
recorded from Jamuary to lay., srom another market
gurvey carried out in Keno bty Halliday (1966), it was
concluded that insect damoe to sorghum was high .
during - - August/Seplember when grain moisture

was at ite peak, He also suggested that the
low level of damage (less than 1%) observed between
December and April was due to the low gwain moisdure -
at this time, ’nﬁs made conditions unfavourable for
insect pest development, Khare and Agrawal (1962)
also reported that maximum damage to wheat and maize

by Sitophilus oryzae (L, and R, dominica (F.%.}.in India

occured when the relative humidity was between 6L and
75% (July-August), Caswell (in press) concluded,

after sampling from 50 marlets in the northern states
of Nigeria, that maximum insect damage to sorghum of

about 8% occured in October-November and declined to
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below 2% between January and May, The results of the
investigations reported above indicate that seasonal
variation in moisture availability plays an important
role in the incidence and damage to grains by these
stored product pests, Thus, damage, which is directly
related to the level of infestation by storage insects,
was low during the dry season, when ambient relative
humnidity and grain moisture content were low, but rose
steadily at the onset of the rainy season, reaching
peaks at high ambient relative humidity. It follows
therefore that moisture nlays an important role in the
development and activities of insect pests in stored
grain,

Caswell (in press) reported that in Nigeria,
Rhizopertha, Sitotroga and Sitophilus constituted about

B0 of all insect pests found on stored sorghum and

their incidence decreased from the Southern Cuinea to
Sudan Savannah zones., Thie observation sugegested that
the drier the area, the lower the incidence and damage

to graine by these storage insects,



The purpose of this investigation is to:

(1) assess the validity of the suggestion that
the drier the zrea, the lower the incidence
and damage to grain by storage insects,

(ii) assess the effect of moisture on the
population buil '-up of the three storage
inseets on gorghum and maize.

(iii) examine the effect of one species on
another during their population build-up.
For the above investigation, samples of sorghum
and maize were collected from three locations represcn-
. ting three climatic zones of Nigeria and a series of
obpervations were carried out on these grain samples
ir the laboratory. Three insect genera were also
cuitured in the laboratory under controlled and ambient
conditions to examine the role of moisture in the
development and population builde-up of the insects
over a period of nine months, A brief study of the
interactione among the species was mlso undertaken in
the laboratory to examine the effect of each species on

the other on stored gra’ :.
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TABLE 2; INSECT PESTS OF STCRED SCRGHUM AND MAIZE IN NIGERIA

COLEOPIERA

SORGHUM MAIZE  REFERENCE

ANOBITDAE Lasioderma serricovne {(F)
BOSTRYCHIDAE Rhizopertha dominica (¥)

CUCUJIDAE Cryplolestes ugandae (Nteel &
Howe )

C. pusillug (Schonnh.,)
CUECULIONIDAE 3itophilus oryede(l.)

S. zeamaig (Motsh.)
DEEMESTIDAE attagenus gloriasae (¥,)
NITTDOLIDAE Drachypeplus sp.

Carpophilus dimidiatus (¥)
$ILVANIDAE Ahasverus advena {(Waltl)

Oryzaephilug mercator (Fauv)

0. surrinamensis (L)

TENIFRIONIDAE Palorus ratzeburgii (Wisem)

P, subdepressus (Woll,)

Trivolium cagtanew: (Wbst)
T. confusum (Duv.)

LUPIDOPTER A

GELECHIDAR Sitotroga cerealella (0Oliv,)
FEYCTLDAE Mussidia nigrivenella (Rag.)

- major pest

ococassionally important
~ gometimes found

~ attacks grain from fleld

+ o o p
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o

o
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P o
+
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Cornes 1964
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Giles 1965
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Giles 1965
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Giles 1965

Cornes 1964



11

2. RIVIDY OF LITERATURE

The problems pesed hy stored product pests to food
in general and to grains in particular have been well
recorded by various scientiste, Among the insect pests
of stored produce, three that are pests of stored grains,
and are of major importance to this review are;

Hhizopertha dominica (™., {Coleoptera: Bostrychidse),

gitotroge ecercalella (0Oliv. (Lepidoptera: Gelechiidae)

and Sitophilus sovp. (Colcostera: Curuculionidae). These
insects are of world-wide distribution but are parti-
cularly abundant in the tropiecal and warm temperate
regions where they breed continously and rapidly.,
Fotter (1935) reported that K. dominica probably
originated from India or the Indian subregion and has
spread a2ll over the rest of the world, It survives
throughout the year under natural conditions between
latitudes 4O°N and 40°S, 1. dominica was considered
a very important pest of stored grain in Argentina,
India, United States and Mew South Wales (Australia)
during and after the second world war and is still very

important in most tropical countries on one grain or another.
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Sitotroga cerealella also thrives well in the tropical

and warm temperate regi-ns and has a world-wide distri-
bution, It has been reported to be able to tolerate
temperatures of about 16°C, #o it is found in the cold
temperate regions as well {Howe, 196Y)., 'Three species
of Sitophilus are relevant te this review; Sitophilus
granarinz (L,J, S, zeamaiz (Mots.) and 5. oryzae (L).
Se groparius ic more important in the cocl temperate
regicns of the world and i. ueually not found infesting
grains in tropiczl or subtropical regions, Little
reference will therefore be made to thic species,
Se oryzac and S, zeamals were formerly known as the
"small” and "large" struine of rice weevil Sitophilus
(€alandra) oryzae respectively, The two species are
more important as pests of stored grains in the trepics
and warm temperate regiocns than in cool temperate
regions,

Various workers have reported the occurence of
one or the other of these insects on stored grains in
varioue locations in the world, These include ¥ulash

(1948) in North Carolina (U,8,A,), Howe (1952) in
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Nigeria, Firch (1945) in snstralia, Floyd et al. (1959) in
Lousiana (U.S.A.), Khare and Agruwal (1962) in India and
many others.

2,1 ENVIRONMENTAL FACTORS AFVFKCTING STORACH JLSECTS.

The activities of storsd product ingects are affected
by environmental factors. It has been obgerved that ovipo-
gition, the rate of development, the degree of infestation
of graing as well as the builde=up of insect pest populations
on grains, are affected by such factors as moisture, tempera-ll
ture, the foocd medium and the sezsonal changes in climate,
0f all thege factors, the effects of moisture and temperature
are clogely jinterrelated and interacting and are the most
impertant.

2,11 Moisture and Temperature

The interaction of temperature; relative humidity (r.h.)
and moisture content of grain {m.c.) have very important |
aeffects on the activities of stored preoduct insects. Buch
activities include oviposition, rate of develoment and the
degree of infestation (Reddy, 1950).

2,111 Oviposition
Birch {19L5¢) reported that the lowest moisture
content of wheat at which eggs were laid by $. oryzasg
was 106, The rate of oviposition of R. dominiea (¥.)
did not fall markedly in dry wheat until the moisture
content was below 9 Lnd the driest wheut on which eggs

were laid was one with 8% moisture content. According
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to Reddy (1950) the initial moisture content of grain,
except at moistures below T0%, scems to have little
affect on the oviposition of storage insecetsy he con-
gidered relative humidity «nd temperature tec be the
more important factors in this connection., Grain is
hygroscopic and will eventually come into equilibrium
with the surrownding relative humidity, regardless of
its initial moisture content, This equilibrium is
achieved either by absourbing more moisture when the
ambent relative hunddidy is high or losing moisture
when the ambient relative hupidity is iow. According
to Reddy (1950) the maximum umber of eggs were laid
by S. oryzae at a relative humidity of 99%. This author
further reported that though a wvery large nunber of eggs
were laid at 84% r.h. by this inseot; a relative humiw
dity of T3% or less was unfavourable and no egg was
laid at 3% r.h, The range of relative humidities
favourable for egg laying and hatching by 5. oryzae
wag given as 755 ~ 908 xr,hi. Towe (1952) reported that
the oviposition rate of 3, oryzae increased with
relative humidity but thet there was a eritical point
below which egg laying declined rapidly and mortality

became high, For the snme species, 30°C was found to
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be the optimum temperature for egg lu, ing and egy hatch
with a range of 28°C to 32°C (Reddy 1950), Very few
egge were laid at 13°C or 35°C and none hatched at
these temperatures.

No egg was laid by J. dominica at temperatures
higher than 3900 but the maximum number of eggs was laid
at 3L°C in grain with moisture content of 11§ (Birch
1945¢), Grewal and Atwal (1969) reported that the the
development, survival and fecundity of S. cerealella were
more favoured at temperatures of ?5-3000 and relative
b dity of 80%. However, Hammad and Sheuouda (1975) found
that given a temperature of 27°C and relative humidities of
5%, 65% and T5%, S. cerealella laid the maximum nusber of
egge at 65% relative humidity., The lowest temperature at
which §. gerealella oviposited on corn was found tc be 16°C
and the lcwest relative hunidity was LO% while the highest
temperature and relative humidity were 32°C and 70% x.h.
(Cheanut and Douglas, 1971). They also found that
oviposition increased with higher humidities at all
tewperatures., It could thus be concluded that ovipo-

sition in these stored product insects is favoured by
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temperatures of 26 - 3L°C and relative humidities of
between 60 and 99%. Temperatures and relative humidi-
tice outeide these ranges will be unfovourable for egg

depecsition and egg hatch,

The rate of Development

Temperature, relative numidity and grain meisturc
content affcet the rate of development of stored pro-
duct insects, The larvue of insects which davelop
inuia; graine are affecied in their development F
by #vain moisture contrii more than™by.relotdivw humidity
(Prevett 1971).

Bireh (1945 a and ¢) repsrted that the maximum
and minimum temperatures for K., dominica survival was
38.600 and 22°¢ regpectively while the optinum temperaw-
ture for development in wheat grain of 1Y meisture
content was BhOC. The moisture content of grain on
vhich this insect was able to develop declined as the
temperature increased from 18,2°¢ o 34°C put inercased
again as the temperature rose above 3&00. Prevntt
(1971) reported that at ithe optimwm temperature develop-
ment of H. dominica took about 28-30 days, This species

could also tolerate a low relative humidity of about 30%
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2t that temperature, He found the optimum grain moisture
content of rice for develomment to be 12,1, slightly
lower than the 143 reported for the same species on
wheat by Birch {(1945c). Thomson {1966} found that newly
hatched larvae of R. deminiea could not enter grain of
lesa than 8% meisture content and reported that its life
cyole lasted 30-35 days at 29°C and 75% relative humidity
on sorghum of 12% moisturc oontent. RPingale and Girish
(1967 reported that R. dominica could breed in grain of
87 moisture content and the raie of development increased
merkedly when the grain moieture increased from 8% to 9%

Ap the moisture content of malze grain increased
from 1 to 17%, the developmental period of 8, cerealella '
decreased by an average of 3 days (Warren, 1956), Accord=-
ing to Prevett (1971) the life cycle of S. cercalella was
completed in five weeks at BOOC.on wheat and gave the
optimum conditions for developmen® as 26—3000 temperature
and 7% relative humidity. The minimum relative humidity
for the development of 5, gerealella on rice was reported
ag 30% (Pingale and Cirish, 1967).

Reddy (1950, reported that the optimum conditions

for the development of 5, oryzac were temperaturea of



28-30°G, reiative hniditics of 75-90% and grain mois=
ture content of 13.5~17,8. He further observed that
the development period of S. oryzae on wheat of 17.6¥
roisture content was 23 days at 30°C but this increa~
sed to 25 days at the highor temperature of 32°C and
also to 31 daye at the lower temperatures of 26 and 2000;
On wheat of 13,2% meieture c;::&tant. the dev-ismmental
period wae 27 days et 30°C, 29 daye at 32°C and 33

days at 25°C. This showa that at any glven moisture

. content, the minimom developmenial period was at 3000.
The lower limit of grain moisture content at which

thig insect could complete ite development was given .\
as 10% (Birch, 19453 Reddy, 1950). Acocording to Howe
{1952) the median period from oviposition to appea-
rance of adults of S, oryzae on graine at TO¥% relative
rumidity were 110,2 daye at 18°C and 40,3 daye at 25°C.
Vhen the temperature was constant at 21°C, develop~
montal period was 73.7 daye at 50% r,h. and 47.8 daye

at 8% r.h. This is & further evidence that develop-
nent of storage insects la affected by temperature and

moisture, ' ) ’
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2,113 Degree of Infestation and Population Build-up

The degree of infestztion and the subsequent popu-~
lation build-up of storage Insects are affected by
grain moisture and temperature. Thus infestation by
etored product insecis increases with an inorease in
the moisturse content of the subatrate above 10% !
{Pingale & Girish, 1967).

Chalterid (1953) zerorted that the loss in welght
and percentage damage to wheat graln, which are good
indications of infestation, were significantly higher
et 12% moisture content thaon at 8% or 5% when the grain

was attacked by Rhizopertha, Sitotroga and Sitophilus.

Giles {1964b) reported that infestation of gorghum
peeds by ingect pests was low during the dry scason
(Dec, = April) but increased sharply as the moisture
content of grein inoreagad - from June to
October/Movember. According to Reddy (1950) there was
maximum infestation of wheat of moisture content of
13-17% ct-%emperature of 30 C. XKiochar and Gupta
(197%) also found a relationship between temperature
and susceptibility. They reported that a high level
of infestation and greater weight losa of wheat, due
to Rhizopertha, occured at 34°C than at temperatures

!
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above or below this temperature, Alsc a high level of
infestation and greater weight loss of wheat due to
8, oryzae occured at 27.5°C. However the decrease in
aotivity of the two insect species were less at 31°C
and 2500 than at 3700 and 3000 respectively. Infesta-
tion and population build-up therefore increase at
grain moisture in excess of 1066 and at temperatures
between 27°C and 34°C depending on the insect species
involved. It could be concluded that for effective
oviposition, larval development, infestation and
subsequent populaticn buil-up of insect pests of
stored prodncts temperatures should be between 25-34°C,
relative humidities above 60f» and the grain moisture
content above 10% for most insect peats.
2.12 Pood Medium

The type of food, its quality and quantity affect
the development and grain infestation by storage
insects. Come insects prefer one grain type to another
and, grain type alsc affects larval development, Kapoor

(1964) reported that the larval development of R. dominica
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wai faater in unhusked rice than in pearl millet and
wheat but adults preferred wheat and barley to rice

or maize as sources of food., According to Joubert
(1966) the developmental period of S. cerealella was
19 days on sorghum of 1250 w.c. stored at 28°C while

on malze under the same conditions, the developmental .I
period lasted 32 days, Mille end Wilbur {1967) also
reported that the developmental period of J. cerealella
maintained at 27°C, 705 roh. and on grain with mois-
ture content of 13.5%, was 37.5 days on wheat, 35.3
daye on maige and 33 days on sorghum. Though the
differences In the developmental periods reported by
these authors for Sitoiroms on sorghum were signifie-
cantly different, the {two observetions showed that
development was faster on sorghum than on maize under
the same conditions, Ungsunantwiwat and Mills (1979)
reported that when thyee species of Sitophilus were
reared on wheat and sorghwu, the developmental periods
of their progeny were shorter on wheat than on scrghum.
Bven for the same grain, the guality of food affects
the development of the insects, Khare and Mille (1968)

reported that the developmental period of 5. gerealelis

t
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in germ~drilled grains of wheat, sorghum and corn were
regpectively 32,5, 30.1 and 37.2 days while in endosperm-
drilled graine, the developmental period on the three
grain types were L9.4, 50,2 and 72,5 days respectively.

The quantity of food available can also affect the
development of insects, lotter (1935) reported that
the life cycle of R, dominica larva was prolonged in
the absence of abundant food, The larva went through
more nmoults and 4id not grow large in size., When food
was given sparingly to a larva in its later stages, it
died,

The physical end chemical natures of the food
modium also affect the development of stored product
insecta, According to Reddy and Michelbacher (1953)
the developmental period of S, oryzae was 30 days on
raw wheat and 33 days on boiled wheat; however adults
reared on boiled wheat were heavier than those on raw
wheat probably due to 2 higher nutrient availability
in the boiled wheat, R~

2,13 Iime of the year
Seasonal changee during the year affect the
development and the pomulaiion build-up of stored

product ingects, Develomment is either delayed due
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to low temperatures during the cold season and iﬁ#l
relative humiditles durirng the dry peried ox
enhanced during warm moist pericds. It has been
obgerved that the period of maximum damage to stored
grain is also the perind of high insect population.
Though differences have hecn found in the infestatleon
and damage to grain at diifersent times of the year,
these differences are mnre related to changes in
molsture and temperature &% the given timesrather than
the time of the year per se, Thus Khare and Agrawal
(1962) reported that the maxinun demage to stored
wheat and meize in India cccured in July/August when
there was maximum relative bumidity. Khare (1964)
reported that gtored product insect populations at
Johner, India in 1961=62 reached their peaks in
Jeptember, which also coincided with the period of
maximum relative humidity. 3Ioth authors also reported
that insect populations were generally low from
December to June and that damage was low during this
period, Low relative huuldities characterised this
reriod,

Giles (196L4b) reported that in Wigeria insect

populations remained at a low level in grespary-stored



unthreshed sorghum until aiter June when the moiafgre.._
content of the grain increased in the rainy season,
The insect porulations rose to a peak in November, -
two months after the maxiwum moisture content was
reached but the number: fell rapidly durlng the follow~
ing dry seadon. According teo Halliday (1966) in Kano,
Nigoria, the maximum damage to sorghum oceoured in
Aagust/September whon the moisture content of the grain
vaé at the maximum, Oaswell {in preas) reported that
L. dominica populations developed first in northern
Nigeria, reaching 2 peak in July. S. gerealella poru~—
lations reached a peak in August/September and
Sitephilus populations increasged reaching peake in
September and October/November, In gll %he abovg, 1% was
obuerved that the inseoct populations were at their
meximum when tho relative humidity and ambient
temperatures were high, As relative humidity and
grain moisture deeoline, the poﬁulations of insects
alge decline reaching a mimimum when the temperature
is low in the ;old A1y 2enson. _
Shehjahan (1975) who reported that adult S. -
gcorealella populations were high in farm storage areas

in May-June and November - December in Bangladesh

-
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related this to the storare condition since newly har-
veated Aman paddy was stored during November and the
Boro paddy during May. These grains would also cone
tain more moisture 1o encourage the rapid mmltiplica-
tion of the mcths carried over from the ald stock of
&rains, The minimum porulation was recorded in
January and February during the cold weather, He thus
concluded that the degree of infestation positively
correlated with the moisture content of the rice
varieties, In the investigaiions reported above, the
authors did not mention temperature which interacts
with meisture to reduce or enhance the incidence of
the insects. It was also not mentioned if high
mortality or migration waep recpensible for the minimum
population of insects recorded during the cold dry
seagon and laboratory investigations were not carried
out to confirm the reasone advanced for the changes

in the insect populations over the year,

2¢2 GRAIN LOSS TO STMAGS INSECTS

Losses in growing crove may be compensated for by
increased yield from surviving plants but losses after

harvest are not recovered, Also infestation effects



on the field are often conspicoua and e¢an thus be dealt
with promptly whila in stoxed produce infestation may
not be very conspicous but losses are real and can be
estimated fairly acourately,

Damage to grains in shorage and loeses in weight A
are affected by such factors as the voracicousness of - -
the insects atiacking the grain, the stage of the
insect, the general environmentz]l conditions of the
stored grain, the grain type =nd lenghth of storage,
pmong others, Of the ¢hrece §nseets under rveview here,
Rs dominica has been found ta be the most woracious,

Aooording to Campbell and bBinhe {1976) the damage

caused by larvae of Cryptoj.este! ferrugineun (Steph.),
R dominica and §. granarius to fndividual wheat
¥ernels at 3.000 and TE! relative hunidity was L,17T and
60 respectively, Adulte of K, dominica alsoc caused a
greater welght losy and yroduced more frass than did

those of £. gronarins and €, ferrugineous. Cogburn

{(1977) cencluded frow en assessment of losses caused '

by 8. oryzae, L. deminics and S, cerealells on vario~

%ies of rough rice over three gonerations that

B oryzae caused the least duemage, He attributed this
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tc the presence of the few kernels with hull defect which
could easily be penctrated by U, oryzae. The damagc
attributable to S. cerealells =nd T, dominica was found
to be approximately equc'ls DBu. U. cerealella developed
faster and had more rapid population growth than
R, dominica, thus, &, :‘1__91.1*1‘11_3_._5:}__ caused greater damage
betwecn the two pests.

Loss in weight caused by §, oryzae in the course
of 3tz developrent was asscssed by White (1953)., He
tound that when 5, oryzue wes reared on wheat of 121
moisture contert and ai <i.7 C end 794 reh., “le lose
in weight increased from tle first to the fourth week
after egg deposition and declined slightly in the fifth
during pupation and adult emergence, 'The mean total
logs in weight per infeeied kernel was 0,67, 2,36,
6452, 13,59 and 20% aitcr one, two, tiree, four and
five weeks of larval development respectively, He
concluded that 50 of the total loss in weight occured
during the last 9,5 day> of the developmental period
and that 685 of the 1.7 -ccured durirg the first 4
weeks of development wic . “sare wap n~ outward evidence
of infestation, This furthcr shows tizt even where
infestation ie not conspicous in stored produce, damage

can atill oecur.
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When single kernsle or samples of 20g and 250g of
maize were infested with S, oryzae and then stored '
at 15,6%¢, 21.1°C and 26.7°C, and relative humidity of
5%, Irobagon {1960) found that the total lome in
weight wag directly proportional to the number of
weevils on the maize and was at & mexinmum when the
temperature was 26.7°C in camparison with other
temperaturcs. The insect caused 7L, T4 loss in weight in
a pingle kernel and, 12,%é and 25,%s respectively in
20g and 250g samples,

Larval feeding of stored product insects not only
cemses loas in weight but =2lso reduces germination of
grains. According to Yadav el al. (1968) the feeding
of the larvae of 3. oryzae end 8, dominico sighifie
cantly reduced germinating ability of wheat seeds
within 20 days and that of maize seeds within 1S d=ys
of exposure of the grains to the ovipositing females.
With sorghum, all the germinating ability was lost
within 15 days of exposure to females of either
species. The gemination ability of wheat, sorghum,
maize, rice and barley seeds were affected within aix
days of exposure to the ovipositing females of

8. cerealella and was completely lost within 18 days
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of exposure to all seeds crcept maize. Mookherjee
et al. (1969) concluded that rice was the most
susceptible to larval damage by §. ¢erealella among
five grain types. Congidering the effect of
infestation on the germinaticn of scveds and, knowing
that the peagant farmers in Nigeric herdly use any
contrecl measures for grain in storuge, the question
could arise us to how the larmers obtaln the seeds
for planting during the following seapon, ® would
appeur that the ssasonal variation in the climatic
conditions over a year imposes a natural contrel on
peat infeststion cud the time for rapid increase in
gtored product insects coincides with the time when
the grains arc in the field, hence the damagre may
not be high enough t¢ result in a total leoss of
germination ability.

However, the length of the storage perioed would
increasze the infestation ang the luss to the grains,
The «ffect of the length of ztorage pericd cn the
leved of damage and weight loss hus heen :nvestigated
vy verious workers. fccordiug to vioyd et.al.
(1959} tiie purcentage of corn keruei damaged Ly
insects throughout Lousiana betweon 1955 and 1958

averaged about 10% at harvest, %his increased during
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storage to 17% in May and to more than 30% in July
with Sitophilus being the principal pest involved.
Damage caused by S. cerealella was less than 2% of
total damage at harvest but this increased to 16)%
when corn was stored until midsummer, Giles
(1964a) reported that unthreshed sorghum stored
undisturbed for nine monthes suffered a mean weight
loss due to insacts of about 8% but in some cases,
about 25% of the crop was lost., A sample of a
three~year-cld threshed grain was found to have
lost 37% of its origigel weight with as much as 70%
of the grain damaged in some trials,

He estimated that the yearly grain loss in Nigeria
was 1% of all sorghum and millet produced although
Caswell (in press) has recently estimated this to

be 1.%. Also Shahjahan (197) reported that 3 - 12%
of rice kernels were damaged over a period of 6 to

9 monthe in unhusked stored rice in Bangladesh.

This brought about a total weight loss which ranged
from 4.2 to 11,9% with a mean of 8,1%, He estimated
an average weight loss to a single grain to be 56,3%

while about 53.3% of each kernel was needed for

complete larval development of S, gerealella.
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It is necessary to point cut here that there 1z no
standardized methodology for the measurement of
welght loss of grains due o Insect activities,

Thue individual secientisis use methods most con-
venient to them and an estimate by one scientist may
be doubled by ancther., Underestimation or over~
estimation of grain losses are therefure common.

2.3 INTPRACTION BETWEEN STORAGE INSECT PESTS

Investigatione involving single and mixed apecies
populations in cultures over periods of time have _
been uged in studies on interactions bdetween species
of gtored product insects, o given population_can
contime to increase indefinitely, as mortality,
caused by one or geveral factors, prevents the
indefinite growth of such populations, xhia review
exenines the results of interactions betLeen single
and_mixed species populations among stored product
insects given limited resources, |

The word 'Competition® has been used by various
euthors to describe the interaction between species
and there bas besn a lot of controversy on the |
definition of tie word &s used by ecologists.

Crombie (1947) defined competition as the demand,
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typically at the same tin , ¢f more than one organism
for the same resources of the environment in excess
of immediate supply. He fucther stated that all
organisma tend towards unlimited increase but meet
with re=istance from their vhysical and biologiecal
envircnment, He concluded thot barring the effect of
external fuctors, two species with identical needs
and habbits can not survive in the same place if they
compete for limited resources, Birch (1957) defined
competition between animals as that which occurs when
a number of animals {of the same or different species)
utilise common rescurces, the supply of which is
short; or if the resources zre not in short supply,
competition cccurs Waen the animals seeking that
resource nevertheless harm one or ancther in the
process, According to Milne (1961) competition is
the endearvour of two (or more) animals to gain the
same particular thing or tc gain the measure each
wants from the supply ot o thing when that supply

15 not sufficient for beth (or all). Park (1962)
recognised two componemis of compeiiiicn: exploita=-
tion and interference. Acccr.ing to him exploitaw-

tion occurs when organisms draw upon a particular
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resource wiich is limited while interference operates
vwhen interacticns between crgenisms affect their
reproduction or survival, All the above definitions
identify limited resources as the major cause of
competition among animals, Some studies have been
undertaken, using stored product insects, to show the
effect of one specica on the cther when the insect
populations were alloved to grow together, In such
investigations, adult insects were introduced together
cn a linited food supply in a confined environment and
the population grouwil. observed. This growth is compared
with the population growth in a single species culture,
Crombie (19&}4) reported that females of R, dowminica
and S, cerealella ovipocit in euvironments suitable for
the develcpment of their respective larvae but the
larvae themselves, during a period of nigration in the
first instar, choose the actual developmental site,
Because of limited space, th=us larvae attack each
other after encouniers al random within the grain and
the superflous individuals are either killed or forced
to migrate, In such » competition, because of the
greater success f El_. domir.c. larvae over that of

S. gerealella, S, cerealella was usuzlly <liminated,
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Crombie (1945) further found that either R, dominica

or 8. cerealells could coexiat in the same medium

with Oryzaephilus surinasensig (L.) because their

larvae occupied different 'ecological nicne', While
the larva of R. dominica or s, cerealella lived and
fed inside the grain, that of 0, surinanensis lived and
fed outside the grain,

Predation of one species by another can confer an
advantuge to the predator when *wo species are competing
in the same medium. ~ccording to Crembie {1946) in a

mixed culture of Tribolium gconfisum (Duv) and Q.

gurinamensis, I. confusum had an advantaze because the
adults and larvae could destroy both eggs and pupae of
0. surinamensis while only adults of the latter could
destroy the eggs of T, confusum znd alsc to a lesser
extent, When R, domirica was added to the mixed cultuve,
it was found that the three sperizs survived together

on wheat, This war becauss i, doninica in the medium
reduced the rate f predation of 0. surinamensig pupae
by &, confasum, Polnik (19¢.) also found that T.

confusun eliminuted Lathcticus _ryzae (Waterh.) in a

mixed culture of the two species. In analyticel

investigations, it was found that the fecundity of
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L, oryzae was much lower than that of I, confusum, Thus
the latter had an advantage of 2 higher population,
Also the predation of eggs and pupae of L. oryzae by
T, confusum, coupled with the cermibalism of L. oryzae
of its young further contributed tc the elimination of

oryzae. According to Inucye and Lerner (1965)

B

confusu. wae eliminated in a mixed culture with
Triboliun castaneum (Herbst.). The authors attributed
the elimination not only to the high density which
favoured T, castaneum, because of its high rate of
oviposition and development, but also to the fact that
T. castoneunm tends to supply itselfl with essential
nutrients by feeding on T, confusum,

Elimination of one of the competing species is
not the only phenamenca tha( has been cbserved in mixed
cultures of insect spccies, Thus Ciesielska (1971)
observed a stimulation of devalopmental process of
R, dominica when it was rearcd with O, surinamensis,
Though he found that the developmental period of
0. surinamensis was shorter when rearad alome than when
vcared with R, dominica, mortalitr of both species was
found tc be lower in the mixed culture than in gingle

cuwltures during the first three months. He thus
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concluded that the disnl icement of an inicot species occured
not thrcugh an increasc ir its mortality but through
a reduction in iis rate of developmert, Phadke and
Bhatiz (1976) .bserved o mutual mnpression of che
vopulaticas of e oryzane ava i. dominica in - mixed
oulturc, It was [ound th 4. oryzae outnumbered
1, domin.ga durin: the populotion growth ~nd this
Jas attributed tn oreter setivity and faster rate of
ucvelowment in 5. ouyzue as compurad with that of -
ite dominica, The populatiin of S. oryzie of
iae Scuinica werc n.t 28 Ah up when fhoey were Yeared
alrne,

Competition betveen S, cerericila and S. zeanais
was investigated .- esmut  and deugla: (1971) in
Miseissippi (UV.S5.4.). In o 0isld curvey, an initiad
increase ii. the nunbers of £, cerealalla in compari-
gon vith 8., zeamais ves cboerved but the population
ot 3. zeamsis later incro sed rapidly surpassin;
that of 5. cgrealella. Thie was atfribute to the
shorter wdult life (about onr week; cf Z. cepealella,
Thus §. cerealellsa wiish hau a ¢ crter acveiopmentnl
neriod amd kigher cviposition rate increased rapidly

but was lutzr ellrinaiec, “m the other hand, J, zeamais
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with a longer adult life had its progeny continually
added to the adult population giving it an advantage
over its ecological homologme and S. cercalella was
eventually eliminated after 6 - 8 generations. From
their laboragzory investigations, they also found

that S. zeamais had an advantage over 5, cerealella
because the eggs of the latlter were destroyed by
mechanical damage caused by the weevils, thus limiting
the nuwiver of female moths available for reproduction
during the next generation. But Ayertey (198C) in
his investigation on why S, zewais eliminated

S. gereajella from mixed cultures; found that S, zeamais
had only slight effecie on the copulation, oviposition,
egeg or young larvae of 8, gerealella, He concluded
that the main cause of mortality to 8. ceralella and
the one which explained its elimination by S. zeamais
in 2 wmixed culture was the mortality of immature moths
inside grains caused by the feeding of S. seamais,

The longer adult life of 5, zeamais alsoc made it
possible for the moth t, be exposed to the weevil for
long reriods when the two were present in the same
envivenuent. It coudd thus be inferred that it is the
active stages of an insect (larvae and 2dults) that
determine the outcome of two insect species bred in

the same medium.
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3. MATERIALS AND METHUDS

SURVEY OF GRAIN DNFESTATION /ND DiMAGE

In the survey of grain infestation and damage in the
three ecological zones of Nigeria, samples of maize and sor-
ghum were collected monthly for nine months (October to June),
These samples were obtained from markets located at Mokwa
(Latitude 9°N,) representing the Southern Guinea Savannah,
Zaria (Lat. 11°%,) which represents the Nerthern Guinea

Savannah and Kano (Lat, 12°N) which represents the Sudan

Savannah (Fig. 1). At each market, three samples each of

sorghum and maize were purchased from different traders,
Bach sample, equivalent to a measure (Hausa~rebi mudu),
weighed approximately one kilogram, The samples from

each of the locations were brought to the laboratory where

the following cbservations were made:

Assessment of grain infestation

Adult insects from each grain sample vwere sieved using
a Griffin and George sieve, umesh sizes 10 and 30. The
insects were separated into their various genera, counted and
recorded. The grain samples were kept in jars in the labora-
tory for one month after which they were sieved again and any
adults that emerged were identified, counted and added to
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those obtained at the initial count., This proce-
dure provided a record of inpects contained in the
ganple at the time of mrchascz, The interval of
one month may have excluded some insects which
were in the egg stage at the time the grains were
purchased but this wap done to exclude the off-
gpring of those that may have emerged soon after

the grains were murchased from the markets.

3,12  Assessment of dama.e

To assess grain domage, 1,000 grain seeds were
counted out of eack wample and separated into whole
(undamaged) or demaged sceds and the mumber in each
category noted, The weights of the damaged or
undomaged secds wer:e dotermined and recorded against
their nmumbers, The weight loss was calculated from
the unit weisnits of e damaged and undamaged grains

in each category as f{ollows:

Unit weight of undamiged -~ Unit weight of damaged
grain grain

Unit weight of undamaged grain

x 100
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Determination of moisture content

The oven method vas used for the determination
of moisture content of tw grain samples (Hlynka
and I'obinson, 1954; Tixton, 1967). About 20g, of
cach sample was ground ~nd subdivided equally
into three alumainiw. tins withk lids of known
weights, Dach tin containing tho ground subsample
vas weighed on a letler balance and, with its 1lid
removed, tronsfered inte a Gallenkamp ventilated
oven maintained at 105°C where it was dry heated
for four hours, T:e “irns were removed after the
dry heating, covirew as quickly as possible with
the lids, allowed to cool and then weighed again,
The moisture content was calculated thus:~-

Weight of +ir and conients Weight of tin and

before dryin: - contents after
drving

x 10C

Weisht of Soheample

frhere weighy of +t¢ subscuple is the initial weight of

tin and ountents inuo weight of erpty tin),

The final moistuvre content of each sample was
the mean of the three subsauples. The moisture
cov e’ of all sam:ies obtained were determined in

thig narner.



Iy

3.2 LABORATORY STUDISS Cif TS GROWTE OF INSECT PEST
FOPULATIONS

3,21 Source of food

In these studies, all the three populations of

insects R, dominica, I, cerecalella and Sitophilus sp.

were bred in the laboratory, For this breeding,
sorghum harvested in Hovember/Tecember 1978 was
used. The sorghur srain (about 20kg) was first
fundgated with phostoxin a2 few weeks after harvest
and stored in a drum 2t the Institute for Agricule
turel Research, sSameru {near Zariz), Preliminary
tests were carried out on the graing from May o
July 1779 to angess the efficiency and affect of

the fumigation, One hundred adulis each of R.

dominiea, 8. cerealella and Si%ophilus obtained
from steck cultures in the laboratory were introm
duced separately intc a group of six jars (two

jers to each gemms), each containing 300g of
gorghum and kept in the laboratory for three monthg,
Another group of eix Jars each with 300g sorghum
grains but no insects were also kept for the same

period. When the sorghum ezmples artificially
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infested with insecis were examined at the end

of the three months, it was found that H.
dominica had increased from a mean of 100 insects
per jar to a mean of 327 adults, 5. cerealella
inereased from a me:r: of 100 insects per jar to

a mean of 613 adulte and Sttophilus from a mean of
100 insects to a meen of 418 adults., The three
insect species have therefeore, within a period of
three montha, increcsed by a factor of 3, 6 and
respectively, Strong et el, (1967) in their
breeding experimenix involving tlesc insects on
vheat of 13% m.c. at 27°C and 605 r.h. reported’
that E. dominica increrced by a calculated factor of
three in eight weeks, &, cerealla by a factor of nine
in five weeks and gitophilus by & factor of two in
gix weeks, Consccuently the growth of these
populations on the sorghum grain was considered
satisfactory and this sorghum was therefore used
in all the breedings experiments, When the other
set of jars that were not infested were sieved,

no insects emerged from them, This shows that the

fumigation was efficient in disinfecting the grain,
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Containers

u3

The trested sorghum was kept in a.dessicator

in the laboratory for one month, to allow a
conditioning of the grain to the laboratory
environment, ufter which the moisture conient was
determined accordiny to the method deseribed
earlier, before il won used In the breeding
experimento,
A

Dual purpoos ilner Jare of various sizes vizs
250ce, 500cc and 750ce with screw tops were used
for general insect reaying., Ventilation was provi-
ded by a Som - diameter screen opening in each toy.
To prevent the escape 2f the insacté, each opening
was covered with muslin fitted to 1.6 mm wire-mesh, |
The population growih experiments were carried out
in 60ce bottles with zcrew tops. Three holes,
each lem in diameter, were bored in each top to
rrovide ventilation,

Inscct Culturing

Rhizopertha, Sitoiroga and Sitophilus specles

which had been maintained for 2%wout five years on

gorghws in the laboratory at the Institute for
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Agricultural Research, Samaru were subcultured in
July 1979 on the ccniditioned sorghum to provide
insects for the laborctory experiments, Culturing
was done as follows: For Rhizopertha, one hundred
adults selected randomly from the laboratory stock
were placed on 300z sorghun in a 750ce dual pur-
pose Kilner Jar in July, Five such jars were
maintained until October when the insects were
required for the experiments., For Sitophilus,
five cultures were scl up using same procedure as
desceribed for Bhizoi.. fig nbove, For Sitotroga,
one hundred adulte picked randomly from the labo-
ratory ctock were added to 100g sorghum in a 500ce
dual purpose Kilnexr jer., Seven such cultures were
maintained initially but later, this was increased
to ten, after the firsl seneration of the insects
had emerged.,

3.2y Experimental Chambers

Two Pumidity Cabinets (Towson and Mercer Ltd,
of Croydon) were used, Each cabinet was made of

fibre glass with two shelves and o door made of glass.
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Externally, each me~u e 53em in height, LOcm wide
and 28cn deep., Mo he Lor was supplied with the
cabinete to facilitate the control of temperaiure
but humidity was controlled by the use of saturated
salt solutions, To do this, salt solutions in
beakers werc placed in the dessicant tray of the
cabinct and the following salt solutions in equili-
brium with *he given relative humidities were used
(Foterson, 193L).

Cabinet A - Sodiuu Chloride = 76% X 3 at 22°C,

Cabinet B ~ Calcium Nitrate = 55% & © at 22°C,
Thernomethers and portzble hygrometers were standare
dized with those used by the Meteorological section
of the Institute for ., ricultural Research and
placed in each cabinet and, daily records of tempera—
ture and relative !niidity were taken, Records of
the ambient temperatire and hurmidity in the laboratory
were :lso taken ueing e Themmohygrograph with teperature
ond hunidity wanges of O = 50°C and 0 - 100% with
charts for 2h4h., recording, The 60cc bottles with
screw tops containing grains and insects were kept on
the two glass shelvee topether with the thermometers
and the hygrometers,
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Single and Mixed Species Cultures

There were two groups of cxperiments in which

the population growth and the interaction of the
three insect populations were observed,

Group A. = In the first group of experiments

 set up in October 1979, 25z of the conditioned

sorghum wore placed in sach of twanty-four 60cc jars
described above, 5ix replicates each, of the follow-
ing three types of monoculfures were set up.

1. Rhizopertha (R) Monoculture

2. Bitotrope (S1) %

3. Sitophilus (82) "
The insects used in the experiments were mnot selected
for age or pex but were picked randomly from the
culture jars of each species, ' .

Rhjzopertha adults were sieved ocut of the.atock
culture and 20 insacts, sslected randomly were placed
into each of the set of six 60ce jars containing 25 g
gorghum. In each of another set of six jars, 20
adults of Sitophilus sieved out of its culture were
introduced. 4 pooter was used to take out 20 adults
of Sitotroga from its oculture and kept in each of six

test tubes, [he test tubes contzining the insects
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were kept in a freezer for abcut cne ninute to keep
the insects temporarily inact.v: and thus enhance
their easy transier froo the tesi tubes into a
thira set of six experimental jars, ulsc containing
sorghun, Sitotroga is a very active but delicate
ingect to handle hence the speci-l lreatment,
Three of each spet of six jars 7. insects were kept
in the firet cabinet while tne rennining three of
ach set were left outside the cabinet in the labora-
tory under zmbient condition:z, PDaily records of
temperature and humidity hoth in the ccbinet and
under the ambient condition. wece kept.

Gruup B, - For the second group of experiments
thie same procedure wis followed for the penccultures
ag in the first group but the mumber was Inoreased
agd nixed enlturcs wore set-up, Nine sets of jars
were seeded with the three zenerz separately. For
each genus three sets of i°rs were seeded with 10,
20 or 30 adults, Thus, there were three gets of
six jars each of lhizopertha, :itotroga or Sitophilus
with each set seeded initially with 10, 20 or 30

adults of each geaus. The following types of mixed
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oultufes were also set up
Rhizopertha + Sitotroga (R + 51)
Rhizopertha + Sitophilus (R + 52)

Sitotroga + Sitophilus (81 + 82)
Bhizopertha + Sitotrogs + Sitophilus (R + S1 + 52)

Ten adulis of Rhizopertha and 10 adults of Sitoiroga
vere added to the tenth set of six jars, The eleventh
and twelfth sets of pix jars contained 10 adults each
of Rhizopertha and Sitophilus or Sitotroga end
Sitophilus. To the thirteenth set of six jars were
added 10 adulte each of Fhismopertha, Sitotroga and

Sitophilus,
The different mumbers of adults of each genus in

the mixed cultures were duplicated in the monocultures
go that the interaction of the populations in %he
mixed cultures could be evaluati® agzinst the same
ingect numhers in the monocultures,
Three of each pet of six jars with insects were
kept in the second cabinet while the remaining three
of each set of jars were kept vutside the cabinet in
the laboratory. FPorteble thocremometers and hygrometers were
koept as before in these cabinets for daily records

of temperature and humidity.
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Assessment of insect population growth

One month after the start of these cultures and at
monthly intervels, the adulis were sieved out of the
grain in each jar, ocounted and the live ones returned,
with the grain weight topped up to the original 265g in
egch jar, This procedure was continuved for nine months
for the two groups of cultures., To monitor the change
In grzin moisture content, additional samples of sorghum
with or without ingecta were kept in the cabinent and
under ambient conditions and heir meoisture determined at

intervals,
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L.11  Inotroduction
To a large extent, damage to stored produce

is proportional to the infestation so that the
higher the infestation level, the greater the
damage, The degree of infestation and damage may
depend on the ambient environment and it has been
suggested that moisture is the most important
factor in this context {Caswell, in press). In
view of this, samples of maize and sorghum collected
from three climatic zones in Nigeria were examined
in the laboratory for infestation and damage.
These locations, Mokwa, Zaria and Kano represent
the Southern Guinea Savannah, Northern Guinea
Savannah and Sudan Savannah zones respectively.
L.12 Methods

The samples of maize and sorghum, each weighe
ing approximately 1 kg, and purghased from different
traders from each of the locations, as described
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earlier {see 3.1), were taken to the laboratory
whare i-.he nurber of insects found and the number
of damaged and undamaged graine from each grain
category were recorded. The loss in weight of
the demaged grains, was estimated as described
earlier (see 3.12).

Le13 Regulta and Discupsicns

The mesh numbers of adults found in the
aamplgg:ﬁi’e given in Appendix Tables 1a and b,
The grain davage and weight losses are given in
Appendix Tables 2a and 2b, The meisture content
of the grain samples collecied from the three
locations 1s given in Appendix Table 3. .

There are two main features in the results
of this investigation:

{i) Incidence and relative abundance of

Rhizopertha, Sitotroga and Sitophilus

on stored grains at the three climatic
zones and "
{ii) Damage to sorghum and malze geeds in

the three climatic zonea,
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Incidence and relative abundance of M,

Sétgtrog and Sitophilus on stored grains at

Mokwa, Zari Kano

Of all the insect pests found on the grain
samples from the three locations, Rhizopertha,
Sitotroga and Sitophilus species accounted for
57 - 84%.(Table 3). This is an indication that
the three insect genera are the dominant pests
of the two grain types at the three locations and
confirms an earlier report by Caswell that the
same genera formed about 50§ of all the insects
collected from samples of sorghum obtained from
50 locations in the northern states of Nigeria.
The similarity in the levels of the three
genera on sorghum and maize also shows their
importance on maize included in this survey.
Barlier work by Ciles (1964b) showed that the
main pests found on stored sorghum were Sitophilus
and Sitotroga; Halliday (1966) reported that the
main peats of stored sorghum and maize in Kano

were Sitophilus and Bhigopertha., The three insect
genera have therefore long been recognised as the
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most important pests of stored scrghum ang naize
and this is confirmed by the present survey.

Changes in the total pest pepulation with time
on the two grains at the thres locatiens followed
the same general trend (Fig. 2). There was generally
a decline in the pest populations from December to
April on both graina followed by an increase from
May. An increase in population was also observed in
February and thie was probably due to the emergence
in storage of immature insect pests carried from the
field at harvest., §itophilus and Sitotroga are
known to attack grains from the field {Giles, 1965).
It is likely that the imnmature etages of these
insects, carried into storage with grains in
December, emerged in large numbera in February
resulting in the high populations recorded for that."
month, In general, the total pest population
closely followed the pattern of grain meisture cone
tent (Fig. 3). The insect populations were thus at
a low level from January to April when the moisture
content was low but increased from May as the grain

molsture increased,



Fig., 2 Changes in the total pest population with time
on stored sorghun and maize samples from Mokwa,

Zaria and Kano,
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Pig, 3 Percent moigture content (m.c.) of maize and
sorghum grains and total pest population

(pest pop.) on these graing ot Mokwa, Zaria
and Kano.
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The total number of adult insects found at.the
three locations on sorghum showed that Rhizopertha
and Sitophilus were low:r in Keno and Zaria compared
 with that at Mokwa (Pable 3). In an earlier work
reported by Caswell, only the Sitophilus population
wag reduced in this latter zone. This shows the
importance of Rhizoperth: in the Southern Guinea
Savannah Zone, The sopulation of the three ingect .
pests was alsc higher in Kano than in Zaria and thia
appears to be due to the generally higher grain g .
moisture recorded from the Kano samples compared
with that recorded at Zaria (¥i:r, 3). _ '
Considering the three inszecl pests separately,
the population of Rhizauertha on sorghum followed
the same general patiern =3 the total pest population
(Pig. ). There was & low incidence ofrphis pest
from December to April, As the grains ﬂecame drier,
the population declined until April/May when the
raivg began and increased zrain moisture, The dry
weather, together with the low temperature, was '
therefore responsible for the low populations from

December to april. An increase recorded in Xano

during January and Tebruary was probably due to the
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TABLE 3: TOTAL NO. OF INSECT P15 COLLECTED FROM MAIZE
AND SORGHUM SAMPLES FROM MOKWA, ZARIA AND KANO
OViR A NINE-MONTH SAMpLING PERIQD

4 . . MOKWA ZERIA « KANO
INSECTS PESTS SORG‘{UM; MATRE | SORGHUM |MATZY ) SORGHUM IMAIZE
Rhizopertha Spd 1,446 17 410 31 529 52
Sitotroga sp. 2 637 302 Lo 336 31
Sitophilus sppd 2,7h1 | 2,L55 236 190 Lo 283
Othex 1,048 591 265 | 218 385 | 217
TOTAY, 5,474 1 3,703 § 1,013 L79 1,651 583

Note: 3 samples each weighing 1 kg, were cbtained for each
grain type for the nine ucntha.
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arrival thexve of newly harvested grain with a higher
moisture content in November/December. Giles {1964b)
reparted an increase irn insect development with the
arrival of newly harvested goxghum into storage. At
Mokwa the population of Eyizogertha began to increase
from Pebruary and continued till the end of cbserva=-
tion, This early rise in the pest population at
Mokwa may de due to the ecarlier arrival of the rains
in the Southern Guinea Savannah zZone whioh probably
resulted in an early increase i. grain moisture,

Also the moisture content of grains from Mokwa were
high enocugh to support the continucus breeding of
Rhigopertha (Fig. 3). Pingale and CGirish (1967)
reported that R. dominica could breed in grain of

8% moisture content and that the rate of development
increased markedly when grzin moisture content wae
increased from B o %,

The pattern of the population build-up of
Sitotroge at the three locaticns differed from that
shown by Rhizopertha (Fig. 5). 'There was a moderately
high incidence of Bitotropa during the dry period
(December - March), The rise recorded in December was

probably due to a carry-over of field peats into
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Fig. I Log. mean no, of adults of Rhizopertha obtained

from sorghum samples at Mokwa, Zaria and Kano,
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Pigs 5 Log. mean no, of adults of Sitotroga obtained

from sorghum samples at Mokwa, Zaria and Kano,
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Fig. 6 Leg. mean no. of adults of Sitophilus and

Sitotroga obtained from maize samples at

Kano,
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Fige 7 Log, mean number of adults of Sitophilus obtained

from sorghum samples at Mokwa, Zaria and Kano,
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storage which continued to breed because the insect
could tolerate the low temperature (about 22°C) and
relative humidity conditions {between 35 « LS%)
prevailing during t:is period. Howe (1965) reported
that the minimum relative humidity for Sitotroggl |
development was 0% and the lowest temperature for its
dovelopnent was 1600. This shuws that the low
relative humidity during December - March was
higher than the minimum required for Sitoiroga
development. Also the probable reduction in the
population of its competitor (especially Sitophilus)
due to this dry weather condition may have ¢nabled
Sitotroga to increase ita population (Fig 6).

The development of the Sitophilus population was
gimilar to that of Rhizopertha with a decline from
December to April. The increase of the population in
February was, like Sitotroga, alao probably caused by
a& carry~nver of the pest from the field to storage
(Fig. 7). |

Apart from Sitotroga, the Mokws samples yielded
the largest numbers of Sitophilus and Rhizopertha and
also showed an earlier increase in these populations

than at the other locaticns., Thia is attributable to
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the higher moisture content of the grains from Mokwa,
Also the population of insects in Kano was higher
than that obtained from grains from Zaria and this
also appears to be due to the higher grain moisture
at Kano (Fig. 3) (see L.2). Earlier work by Caswell
(in press) showed that Rhizopertha reached a peak
population in June in the I*‘.{okua. area, July in Zaria
and August in Kano, Although the gurvey reported
here did not cover these months, the treads shown in
Figure |} appear to lead to a similar conclusion.

The results obtained for Sitotroga at Mokwa in
the present survey do not confirm Caswell's observa-
tiens on thie population., Caswell reported that
Sitotroga population reached its peak in June at
Mokwa but this population died out during that menth
in the present survey (Fig. 5). This was probably
caused by the high population of Rhizopertha and
Sitophilus which, between them, eliminated Sitotroga.
Crombie (19LL) found that Rhizopertha had an edge
over Sitotroga when they were in the same eulture and
Chesnut and Douglas (1971) reported that Sitophilus
would eliminate Sitotroga whenever the two are in the

same culture.
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The observations made on Sitophilus population
in this survey are similar to Caswell's except that,
like Rhizopertha, no observations could be made on
when this species reached peak populations because
the survey did not cover the peak pericd reported by
Caswell (in press).

An analysis of thé survey data showed that on
sorghum, the insect population at Mokwa was signifi-
cantly higher than those at Zaria or Kano {P¢ .01),
the latter two not being aignificantlyldifferent from
each other (Table 4). A comparison of the populations
recorded each month showed that the populations in
Octvber were significently higher than the populations
during the other month (P<¢ .05). No other significant
differences were obtained between all other perioda,
This suggests that the maximum population of the pests
may have been reached before or about Cctober when
real differences could be detected. A comparison of
the three genera showed a significant difference
between Sitophilus and Sitotroga populations but nc
gignificant differences were detected between

Rhizopertha and Sitophilus or between Rhizopertha and
Sitotropga.
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Table L: Mean numbers of adults by site, #3inug and Period
for sorghum samplesa with their Least Significant
Differences (L.S.D,).

Site Genusg Period
50,7 - Mokwa 26,98 ~ Rhizopertha | 63.5 - October
9.4 - Zaria 10.86 ~ Sitotroga 39,3 -~ Novenber
15,3 = Xano 41.7C = Sitophilus 20,8 -~ December

20,93 -~ Others 8.9 -~ January
22.9 -~ February
10.0 - March
6,6 = april
18,2 -~ May

3508 - June

LISIDI £ 21 08 LOS-DI = 25.3 L.SID. - 37.9
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On maize, the incidence of Rhizopexrtha on samples
from the three locations was low (Fig, 8)., Except for
a gingle high incidence in December at Kano, the popu-
lation of thie insect was generally low throughout the
survey. ‘This is an indication of preference for
gsorghum by this insect over maize (compare Figs. 3 and
.

On maize, Siteiroga was more dominant at Mokwa
than at the more northern regicns (Fig. 9) and shows
its importance on maize in this zone. A comparigon of
the incidence of Sitephilus on maize at the three
locafions shows that the largest numbers were from the
Mokwa samples (Fig. 10). This also shows that
Sitophilus is more important on maize in the south
than in the more northern zone, Cornes and Rilley
(1961) reported that the principal insect pest found
in their survey of small scale storagé cribs of maize;l.in
western Nigeria was 3, zeamais and that the population
began to deeline after it had reached a maximum in
December.

The small reduction in the population of
Sitophilus during January/February could be attributed

to the low temperature and relative humidity at this time,
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Fig. B Log. mean number of adults of Rhizopertha obtained
from maize samples at Mokwa, Zaria and Kano.
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Fig., 9 ILag. mean number of adults of Sitotroga obtained

from maize samples at Mokwa, Zaria and Kano.
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Fige 10 Log. mean number of adults of Sitophilus obtained

from maize samples at Mokwa, Zaria and Kano.
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Kowe (1965) reported that the insect will not
develop at humidities below 60% while a temperature
of less than 25°C would prolong its developmental

| period (fteddy, 19555._

It would aﬁpear therefore that the low moisture
during December to March, together with the low
temperature of these monthis were responsibie for tﬁe
low growth during this pericd. It is worth noting
that the population of Sitotroma during Januury to
March was high 1l suggests that it nay have f.ven
advantage of the reduction in the nopulaticn of its
gompetitors during the period, &t &1l locationaz

and on beth grains, fluctuationsg in the population

ot

of Sitotroga were related to an incresse in lhe
population of the other pests, where a decline in
the Sitotroga population corresponded with a rise

in the population of hhizoperitha or Sitophilug

(Pig. 6). Ayertey (1980) reported that Bitotroga
was eliminated by S. zeamals when the two species
were ocultured together and he attributed this to
the mortality of immature motis ingide graing

causofl by the fueding of 3. zeamais. Thus an

increase in the population of Zitcphilus in nature
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would result in the decline of $itotroga where they
are both present,

A statistical analysis of the results showa that
on maize, the insect population at Mokwa was signifi-
cantly higher than that at Zaria or Kano (P< .01);
the latter two were not significantly different from
each other (Table 5). Differences in population
levels between months were not significant and
differencee in the incidence of the three species on
maize showed that significantly more S us were
present than any of the other twe genera, The popu-
lations of Rhizopertha and Sitotroga were not signi-
ficantly different from each other.

It ecould thus be concluded that in all cases,
the insect populations on the two grains were higher
at Mokwa than at Kano or Zaria and this could be related to
moisture availability. The moisture content of
grains from Mokwa wase higher than at Kano or Zaria,
Also the rainy season starts earlier in the Southern
Guinea area (Mokwa) than in the more northern zones
(Zaria or Kano) hence pest population development
starts much earlier in the south, Thus Sitophilus
population, though not significantly higher thsn that of



73

Table 5: Mean numbers of adults by site, genus and period
for maize samples with their Least Significant
Difference (L.S.D.).

Site Genus Period
3Le3 = Mokwa 1.2 - Rhizopertha 19,6 October
Lely = Zaria 8.7 - Sitotroga 16.7 Noveaber
S.l4 = Kano 36.1 - Sitovhilus 20.4 December
12.6 = Others 4.8 January
6.5 February
13.8 March
15,8 April
| 7.8 May
27.1 June
L.S.D.. # 15,04 | L.S.D. = 26,04 L.S.D. = 17,36
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Bhizopertha on sorghum, remained a dominant pest of
this grain, On maize, it is the most important |

pest.
Lat31 Ingect pest damage to stored sorghum and maize

geeds at Mokwa, Zaria and Kano

The insect pest damage to grain samples colleo=
ted from the Mokwa, Zaria and Kano markets and the
ealoulated weight losses are shown in Appendix

Tables 2a and 2b,

ha1321 Damage and weight loss in stored gorghum seeds at
the three locations, '

The damage to sorghum geeds was high (7=100)
at the beginning of the investigation in October
at all the three locations, This level declined
from November and vemained low (1-3%) until April
(Fig, 11), This pattern corresponded with the
ingect infestation recorded at these locations,
The low level of damage from December to April
confirmed the report of Giles (1964b) that grain
damage during the dry season was less than 34 in
the Semaru {Zaria) area. A high damage level
recorded in Kano during the month of January also

corresponded with a high incidence ef Bhizopertha



Fig. 11 Percent damage and weight loss to sorghum
grains at Mokwa, Zaria and Kano,
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during this month and showea that this insect may
be responsible for mucn of the damage recorded on
these grains, Ear!ier work at Kano (Halliday,
1966) showed a slignt increase in gorghum dumage
in January/February but the zaxibum damage was
recorded in August/september, a period not covered
vy the prezent survey, The naximum damage teo
sorghum recorded in tnis survey cccured in Uctober
in Zaria, Giles (196L4b) reported that the maximum
damage to sorghumn was reached in August and
Caswell reported a similzr damage level in
September/Cctober in the sume area, The position
of the damage level in Zaria in Cectober in this
survey is suggestive that the maximum damage ceuld
have occured ibout that period.

The grain weight losses at the three loca-
tions did not follow the same trend. While the
losn in weight of sorghum grain from Mokwa and
Kanc followed the general pattern of the dwnawe,
that of Zaria was different, At Mokwa, weight
loss was low from December to April and was at a
maximum in November and a mirimum in February.

Weight lose in gr:ir fron Kano wes at the maximum
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level in January. These corresponded with the damage
levels recorded at these locations. The weight loss
in grains from Zaria on the other hand started to
increase from the beginning of the observations,
reaching a maximum in March, Damage was however low
during this period. This showa that the few grains
infested were badly damaged. Since Sitotroga was
the major pest recorded at Zaria during these months,
the increased weight loss may be attributed to this
pest, especially when two or more of its larvae
developed in the same grain, At Kano, the combined
feeding of Sitotroga larvae and Rhizopertha larvae
and adults, (high from December to February) was
probably responsible for the maximum damage and
weight losses recorded in Jamuary at this location.
Pingale and Girish (1967) reported that Sitotresa and
Rhizopertha can tolerate a relative humidity as low
as 30% hence the low relative humidity of December
to February (35 - L5%) will not affect the activities

of these two insects.
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4,1322 Demage and weieht lose in gtored maize geeds at the

three locations,

The damage to malze grailns at the three locatioms,

gid not follow a common trend. At all location, it was

low at the beginning of the survey and started te

increase in November, reaching a maximum in December

at Mokwa, March at Kano and in May at Zaria (Fig. 12)..

At Zaria, the level of damage remained belew 2% for

the first four months of observation and suggests that

infestation from the field was probadly low during

harvest in September/October. At Kanec, demage increased

after the second month of observation suggesting grain

infestation from the field, Damage to maize was
 relatively high throughout in Mokwa (7 - 20%) which

corresponded with the high level of infestation of

the grain by Sitophilus at this location. The very

high level of damage recorded in December at Mokwa

and Kano is attributable to the relatively high

incidence of Rhizopertha, Sitotroga and Sitophilus

at these looationg while the relatively high

level of damage at 2aria in February and Kane

in March 1s attributable to Bhizgpertha and

Sitotroga. The maximum damage to maize at Kano was
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Fig. 12 Percent damage and weight loss to maize grains
at Mckwa, Zaria and Kanc,
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about 11% and occured in March but an earlier work
by Halliday (1966) in Kano showed that the maximum
damage was 5% and occured in May which he attributed
to a long period of storage and high grain moisture.

The grain weight losses fluctuated like the
damage but the peaks did not coincide. 4t Mokwa
weight loss increased to a peak in November and
then declined to a low level until May. At Zaria
the loss in weight reached a minimum in November
before increasing again (just like the damage level).
That for Kano increased in November and remained
above a 15% level during the period of observation.
It is interesting to note that on maize a high
weight loss preceeded a high damage level. This is
contrary to what was observed for sorghum in which
high weight losses corresponded with high damage
levels. Since maize grains are larger than sorghum
grainsg it is possible that food contained in maize
grain could support more larvae developing in them
than in sorghum grain, The feeding of those larvae
will result in higher weight loss and when these
larvae eventually emerge as adults, more grains

would be attacked either by these adults or by the



8
larvae that hatched from the egge laid by them, and
this could result in high damage level.

The maximum dumage levels recorded fox sorghum
anﬂ. maize were 13 and 21% respectively. However
the maximum weight lose in the two grain types were
about the same. This shows that the sorghum grains
were more severely demaged than the maize grains,
I+ also shows that Sitophilus which was dominant

on maize was not as destructive as Bhizogrtha on

sorghum,
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INVESTIGATIONS INTO THE ROLE OF MOISTURE IN THE
BUILD-UP OF POPULATIONS OF BHIZOPERTHA, SITOTHOGA
AND SITOPHILUS UN STORKD GRALNS IN NORTHERN
NIGHRIA |

Introduction

Ap a follow-up to the survey work, experiments
were conducted to cohmerve the growth of populations
of Bhizopertha, Sitotroga and Sitophilus under
ambient and humidity-controlled enviromments, with
rolative humidity regulated by using satuxated salt
solutiong.

1t has been suggested that molsture is the most
important factor detexmmining insect infestation and
damage to grains, The moisture content of grains in
an environment is related to the relative humidity
in that environment because grains, being hygrosoopic,
absorb mojisture from or lose it to the environment
until the grain moisture ie in equilibrium with the
relative humidity. Hence the lower the relative
humidity of an envirconment, the lower the moisture
content of grains atored in that envirenment,

Relative humidity was therefore used to alier the

grain moisture in this investigation. .
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Method

Cultures of each of the three species were
separately set-up in 60 cc jars, each containing 25 g
sorghum. Each culture jar wes seeded with 20 adults
of the appropriate insect, The sex ratio of each of
the populations was assumed to be unity., There were
six jars of each genus separately cultured and three
of these were kept in humidity cabinets while the
remaining three were lefi on a bench in the ladoratory
under ambient conditions. Monthly records of adult
insects in each jar were kept as described earlier
(see 3.2).
Results and Discussions

The monthly population growth of the insects is
given in Appendix Table L. The records of relative
humidity and temperature, as well as the 3-4 momthly
moisture determinations of grain from the two *
environments are in Appendix Tables 5a and 5b, %he
main feature to be considered in this experiment is
the effect of moisture on the growth of each pest

population,
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The growth of populations of Rhizopertha under humidity-

controlled or ambient laboratory conditions
The monthly examination of the culture jars showed

that adult Rhizopertha began to emerge from both groups
of cultures two months after they were set up. Through-
out the period of observation, more adults were recorded
on grain kept in the humidity-controlled enviromment
than on those kept under ambient conditions but signifi-
cant differencea were not detected until after March,
six months after the begimning of the cultures (Fig, 13).
There was a rapid increase in the Rhizopertha population
under the humidity-controlled condition from March till
the end of the observation, while the population under
the ambient conditions declined until May, Since no
adult Rhizopertha emerged under both emvironmental cone-
ditions in the culture jars until the second count, 60
days after the culture was set up, it could be deduced
that the life cycle of the insects introduced on grain
of 11% moisture content, at a mean temperature of 27%
and relative humidity of 60 - 70§ was more than 30 days
and suggests that both the lower grain moisture and
relative humidity were responsible for the prolonged
developmental period. Thomson (1966) reported that the



Fig. 13 Population growth of 20 adults of Rhiwzopertha on
25 ®. sorghum under humidity-contrelled and

ambient laboratory conditions,
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life oycle of Bhizopertha lasted 30 - 36 days in
sorghum of 12% moisture content at 29°C and 75%
relative humidity, The cptimum temperature for the
development of Rhizopertha is recorded as W ana

the developmenial pericd increases as the temperature
is decreased to a minimum at 18°C (Birch, 1945; S
Khare and Agrwal, 19567). Frevett (1971) also reported

that at the optimum temperature of 31;"0, the develop= -

ment of Hhizopexrtha tock about 28 « 30 days. Temperature

nay therefore have contributed to the prclonged
developmental perled in thie investigation. The
decline in the populations of Rhizopertha from
January to March under the two experimental conditions |
nmay also be due to a decrease in temperature during
the period. Temperatures under the iwo conditicns
during this period ranged from 22°C to 25°C, A4s
temperatures inoreased to 28°¢ in March, the popula~
tion of the insects in the humidity-contrelled

cabinet increassd rapidly. The further decline Iin
populzation of the insects under the ambient laboratory
conditions was due to the lower relative humidity -
resulting in low grain molisture, The amblent relative
midity from December to April was less than 45%
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resulting in a grein moisture content of 5.9% in
Pebruary., When the relative humidity increased to 7S%
from May, this population began to increase. It could
thus be concluded that moisture was mainly responsible
for the high differences in the population growth of
the insccts in the two enviromments from March to the
end of the observation,

Prevett (1971) reported that Rhizopertha could
tolerate a relative mwsidity of about 300 at a tempera~
ture of 3L,°C and, Pingale end Girish (1967) found that
Bhizopertha could breed in grain of 8x moisture content.
Furthermore Birch (1945) found that the minimum tempera~-
ture for the survival of Rhizopertha was 22°C,
Rhizopertha can thus survive at a humidity of 30, grain
moisture content of & and a temperature of 22°C. 'The
weather condition from December tc April in Nigeria did
not fall below those given above and this explains the
survival of this insect under these adverse conditions,

The growth of populations of Sitotroe under humidity-
controlled or ambicnt labor:ato i

No major differences in the populations of

Sitotroga were cbegerved under the two environmental



Fig. 1y Population growth of 20 adults of Sitotrogs on
' 25 g. sorghum under mmidity-centrolled and

ambient laboratory conditiana.
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conditions until February, five months after the
start of the cultures, After this period, the
Sitotroga population under the humidlity-controlled
condition was significantly more than that under the
ambient conditions and this continued until the

end of the observation in June (Fig. 14). The
moisture content of the grain under the ambient con-
dition wag less than 66 in February/March and the
low population recorded for this pest in March and
its subsequent elimination in April can be attribu~
ted to the low grain moisture, The higher moisture
level (about 12% in February) was responsible for
the survival of the Sitotroga population under the
ramidity-controlled condition, The life cycle of
Sitotroga in this experiment was less than 30 days
since Dew adults emerged under both conditions at
the first census., 7This conforms with work by
previous workers (Crombie, 1944; Mills and Wilbur
1967)s The sorghum grain used had a moisture
content of 11% at a temperature of about 27°C and
relative humidity of 60 = 70ke Jrombie (1943)
reported that the developmental pericd of Sitctroga
kept at 30°C and 70§ relative humidity ranged from
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30 to 4O days with an average of 32 days and, Mills
and Wilbur (1967) found that adults of Sitotroga
emerged after 33.1 days on sorghum,

The maximum population under both conditions was
recorded in January, one of the coldest months in
northern Nigeria, with a2 room temperature of about
23°C and confirms the tolerance of this species of
low temperatures. Howe (1965) reported that Sitotroga
could tolerate temperatures of about 16°c. The mini-
mum relative humidity for its development has been
given as 30% (Pingale and Girish, 1967) and the mini-
mum obtained in this investigation did not fall
below this level, It is thus concluded that moisture
was responsible for the continual growth of this
insect in the humidity-controlled experiment but grain
moisture of less than 6% had an adverse effect on the
survival of Sitotroga placed under the ambient condi-
tiéns. It is worth noting that the population of this
insect during November to February was higher than
that of February-June even under the humidity-controlled
environment, This ie probably due to a loss of eggs and
newly emerged larvee from the culture medium during the
monthly sieving to separate adults from the grain,
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Such a gradwal removal with frass would reduce the
subsequent mumber of femaleos available for egg laying,.

T™e growth of populations ef ;étoﬁilus under lumidity-
controlled or ambient laboratory conditions. |

The differences in the population growth of
Sitophilug under the two envirommental oonditions |
became significant from December (three months after
the start of the experiment) and continued wntil the | .
end of the observation (Fig, 15). The maximvm.:} populan
tion under the two conditions was recorded in January
after which the population under the ambient laboratory
condition declined steeply and Sitophilus placed under
the ambient conditions was eliminated in March, six
montha after the beglnning of the experiment, On the
other hand the Sitophilus population under the humiditye
conirolled condition continued, with a glight decline
recorded in January, The moisture content of grain
under the amblent laboratory condition was about &
in February/March and the relative humidity was about
I, This low moisture was responsible for the high
mortality of §_1tgg§ilug under the ambient cenditions in
February and itz elimination in March, The lower limit
of grain moisture at which Sitophilus could complete

development has been recorded as 10% (Biroh, 19453
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Pig, 15 Population growth of 20 adulis of Sitophilus on
25 g. sorghum under humidity-—controliled and

ambient laboratory conditions.
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Reddy, 1950). Howe (1965) also found that Sitophilus
would not develop at humidities less than 60%.

The inerease in the insect population in the
culture jars during the first count under both condi-
tion was an indication that the life cycle of
Sitophilus on sorghum grain of 11% moisture content,
at an average temperature of 2T% and relative humidity
rarge of 65 - 75% was less than 30 days. Reddy (1950)
found that the optimum conditions for the development
of Sitophilus were temperatures of 28 - 30°C, relative
humidities of 75 = 90% and grain moisture content of
13,5 - 17.6%. He observed that the develomment
period of this insect on wheat of 17.6% moisture cone
tent was 23 days at 30°C but this increased to 31 days
at a lower temperature of 25°C.

The mmall increase in the Sitophilus populations
observed from December to January under both conditions
and the slight decrease in population under the humidity-
controlled enviromment between January and February was
probably due to the low temperature (about 22°C) of
these periods, The decline observed from March to
May in the population of Sitophilus under the humidity-
controlled conditions could be attributed to such



factors as overcrowding or old age.

It can be ooncluded that the high population of
Sitophilus recorded under the humidity-controlled
environment was due to the high relative humldity and
grain moisture which favoured the continuous breeding
of this inseot. "he reduced grain moisturse from
Jamaary to April, was responsible for the low populae-
tiona reported in many surveys carried out in northern
Nigeria during this period (Giles, 196Lb; Halliday,

1966; Caawell, 1979), L



b3

L.32

. served as controlsa.

95

HE BFFECT OF OV TNSECT POPULATION ON ANOTHER IN
THE DEVELOFMENT OF POFULLTIONS OF BHIZOPERTHA,
STTOTROGA AND SITOFUILUS IN A HUMIDITY-CONTROLLED
OR_AMBIENT LABORATORY CONDITIONS.

Intzoduotion o

Generally two or more insect species are mimui-
taneously found in asscciation with stored graing.
Common. among such pests are R. dominica, S. cerealella,
Sitophilus and Pribolium spccics. In the market
samples collected from the throe climatioc zones (gee
Le1), more than two insect genera were found in
various proportions in each sample, At high insecti'_
denaity, the insect speciecs will encounter one enothexr
and interact. The incidenco of the three genera in
verying proportions at different times and at the
three ecological zones cound in the marke. surveyd
may well be due to thi. interaction. The possible
effect of one species ¢ another during the population
growth wag investigatec under humidity controlled and
ambient conditlons using mixed cultures of Rhigopertha,

Sitotroga and Sitophilus. Single species cultures

Method

a1l cU1tures.weré yun in 60cc jars, each contain-

ing 25 g. of sorghum as described sarlier (see 3.2L).

Cat
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Mixed culturcs of Rhizopertha, Sitotroga and Sitophilus

containing ten adults of cachi genus in various combina-
tions (sec¢ 3.25) were scteup. There were six replicates
of each mixed culture and three of these were placed in
the humidity-centrolled cabinet while the remaining
three were left on a bench in the laboratory under
ambient conditions. Counts of adult insects were made
a month after the beginning of the experiment and con-
tinued monthly for nine months,
Regults and Discussions

The mean monthly population growth of the single
and the mixed cultures each initially seeded with ten
adult insects are given in appendices 6 and 7.

Effect on Rhizopertha, of populations of Sitotroga
and Sitophilus

The growth of the Rhizopertha population in the
gingle and mixed cultures under the humnidity-controlled
or ambient laboratory conditions followed the sumc
trend (Fig, 16a and 16b), No major increascs were
recorded until «iter about six months, This is
attributed to the low temperatures recordacd during this

period,



Fig. 16a

Mean menthly pepulation growth of Rhizopertha on

25 g. sorghum in single and mixed cultures with

Sitotroga and Sitophilus in a hunidity-controlled

environment, e o
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Fig. 16b Mean monthly population growth of Rhizopertba on
2% g, sorghum in single and mixed oultures with
Sitotroga and Sitophilus under ambient

leboratory conditions.
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In the humidity-controlled environment, the
greatest increass in the Rhizopertha population
- ocoured when this pest was cultured with Sitoiroga

' e.nd was higher thaun when the beetle was cultured

" alonc, An exemination of the Sitotroga population
in a mixed culture with Rhizopertha also shows that
the initial slow rate of Rhizopertha corresponded
with a rapid growith in the moth population. The
major increase in the Rhizopertha population occured
uhen' tenperatures increased and the moth was also
eliminated from the mixsd oultures {compare figs.
16a and 17a). This suggests that temperatures and
Si;tﬁtrogg depressed the Rhizopertha growth initially
tut once the moth was eliminated and temperatures
also lnereased, Rhizopertha was able to compensate
for ite initia) drop in pepulation in the subsequent
months., The lewer population levels reached by the
single speciea culture of mhizoperthe when tempersa-
tures improved suggests that in the mixed oulture,
greater grain demage by Sitotrozn larvae may have
improved grain entry by Rhizopertha larvas.

Under ambient laboratory conditions, Rhizopertha

appeared tc have been similarly depresssd Initially
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by temperature and Sitotroga but the beetle was
unable to compensate for this in subsequent months
probably because of the generally unfavourable
ambient conditions. The lower moth population
obtained here almo suggest +that fawer grains were
damaged by Sitciroga larvae which could improve
grain entry by Rhizopertha larvae (Figs. 16b and 17b),
When Bhigopertha was cultured together with
Sitophijus, the population of Rhizopertha in thias
medium was higher than vhen it was cultured alone.
An exemination of the Sitophilug population in |
mixed cultures with Bhizoperths also showed that an
initial slow rate of Rhizopertha growih corresponded
with & rapid increase in the Sitophilus population,
The major increase in the Rhizopertha population
occured when the Sitophilus population began to
decline and temperature had increased (compare
Figs 16a and 18a), This alsc suggests that Sitophilus
and temperature depressed Rhizopertha population
growth initially but once the Pitophilus population
gtarted to decline and temperatures increased,
Rhizopertha was able to compensate for this initial
drop in its population in the subsequent months, ~

4 . o k f
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Damaged grains by Sitophilus may have improved grain
entry by Rhizopertha larvae in these mixed cultures
also. In an earlier work, Bhatia and Phardke (1976)
found that Sitophilus suppressed Rhizopertha when the
two peste were cultured together,

Under the ambient laboratory conditions, Rhizopertha
wag gimilarly depressed initially by temperature and
Sitophilus but Rhizopertha was unable to compensate for
this in subsequent months, The population of Rhizcpertha
was low here and remained so after Sitophilus had died
out probably because very few grains were damaged which
gould have enhanced grain penetraticn by Rhizopertha
larvae (compare figs. 16b and 18b).

In the humidity-contrclled environment, the popula~
tion of Raizopertha in nixed culture with Sitotroga and
Sitophilug was lower than when it was cultured alone,

An examination of the populations of Sitotroga and
Sitophilus in mixed culture with Rhizopertha shows that
the initial slow rate of Rhizopertha growth also
correaponded with the rapid increase in the populations
of the other two pests, An increase in the population
of Rhizopertha cccured when Sitotroga was eliminated,
the Sitonnilus population declined and temperatures
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increased (compare figs. 16a, 172 and 18a). This
suggests that the two pests and temperature depressed
the Rhizopertha population., Despite the presence of
damaged graine, due to the combined feeding of
Sitotroga larvae and Sitophilus, Rhizopertha could
not compensate for ite initial drop in population in
the subsequent months, This was probably because the
joint effect of the two insects was more than when
Hhizopertha was oultured with only one insect popula-
tion.

Under the ambient laboratory conditions,

Rhizopertha seemed to have been similarly depressed

“initially by temperature, Sitotroga and Sitophilus

"

but it d1a better than vhen it was mixed with only
one of the pests (compare figs. 16b, 1Tb and 18b),
The initial depression however did not allow the
population to rise to the same levels attained by
Rhizopertha when ocultured alone.
Effect on Sitotroga of populations of Rhizopertha
and Sitophilus

The growth of the Jitotroge population in the
single and mixed cultures under the humidity-

controlled or ambient laboratory conditions followed
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the same trend (figs. 17a and 17b). Major increases
were recorded during 2 - 5 months of the start of
the cultures., This could be attributed to its
tolerance of low temperatures (Howe, 1965).

In the humidity-oontrolled enviromment, the
greatest inorease in the Sitotroga population occured
vhen this pest was cultured with Rhizopertha and was
higher than when the moth was cultured alone, 4n
examination of the mixed culture of Hhizopertha and
Sitotroga showed that the initial increase in the
moth population corresponded with a slow growth of
the Rhizopertha population, This increase in the
Sitotroga population occured when both temperature and
Rhizopertha population werc low but when these
increased, Sitotroga was eliminated (compare figs.
17a and 16a). This suggests that Sitotroge took
advantage of the initial low temperature and low
population of Bhizopertha but once temperatures
increased and the population of Rhizopertha increased,
the moth was unable to compete with the beeile, The
feeding of Rhizopertha on graine in the medium would
help Sitotroga larvae to have easy access to damaged
grains, This may have led to the high population

growth of this insect in this medium,
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¥ig. 1TP Mean monthly population growth of Siiotrogs on
i 25 g, sorghun in single snd mixed enltures

with Bhizopextha ond jitophilus under ambient

laboratory conditions,
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Undar the ambient lahoratory conditions, because
of the presence of fewer damaged grains, the popula-
tion of Sitotroga was less thaen when it was cultured
alone, This insect was eliminated when the popula=-
tion of Rhizopertha inoréasé& probably due to the
advantage its laxvoe have over Sitotroga. Crombie
(1544) found that Rhizopertha alweys eliminated
Sitotroga from a medium in which baoth were cultured
and attributed this to the struggle for apace by the
larvae of these insecta inseide grains, which often
favoured Rhizogaitha. ;o C
In the hunidity-controlled environment, tiie ~*
lowest population increase in Siltotroga was recorded
when 1t was cultured with Sitophilus. An examination

of the mixed ocultures of these insects shows a corres-

pondence between the maximum population of Sitophilus

and the elimination of Sitotroga (compare figs. 17a
and 18a), This elimination of Sitotroga took approxie
mately six months. Chesnut and Douglas (1971) reported
.3“{, ?f: that Sitoiroga was eliminated by 5. zeamails on corn
‘ | after 6 - 8 generations because the adult weevils
meohanlcally destroyed moth eggs as they attacked grains.

Tt
[
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Ayertey (1979b, 1980) on the other hand found that
Sitotroga elimination took 18 weeks because S. zeamais
killed the immature stages of the moth in the grains
that were attacked,

Under the ambient laboratory conditions, Sitotroga
was not eliminated until after eight months, Though
the Sitophilus population died out during the fifth
month due to weather conditions, it had the greatest
reducing effect on the Sitotwoga population (compare
figs. 17b and 18b).

When all three insects populations were cultured
together in the humidity controlled environment, the
population of Sitotroga was higher than when it was
mixed with Sitophilus only. Sitotroga was eventually
eliminated when the Sitophilusg population had reached
a peak and the Rhizopertha population had alsc increased
(compare figs. 16a, 17a and 18a). The Sitotroga popula=
tion here was high probably because the presence of
Rhizopertha in the medium reduced the effect of
Sitophilus on the population of Sitotrcga. This would
happen when Sitotroga is able to take a greater advane
tage of damage caused to grains by Rhizopertha than
that caused by Sitophilus,
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Undex the aﬁbient laboratory cbnditiuns,w
Sitotroga again had a higher population growth in
the mixed cultures with Rhizopertha and §itophilus
Sitophilug than when it was mixed with either of
the two ingect populationa,

- It is clear therefore that under both environe
mental conditions, Sitophilng had the largest reduc—
ing effect on the population of Sitotroga while
Hhizopertha appeared to improve its growth through
grain damage. When all three populations were mixed
together, the presence of Ehizopertha reduced the
effect of Sitophilue on Sitotroga. From this it can be
deduced that the effect of Sitophilus on Sitotroga
reported by Ayertey (1980) must be greater than the
effect of Rhizopertha on Sitotroma reported by
Crombie (194Ll).

La333 Effect on Sitophilus of populations of Hhizopertha

and Sitotroga

There were no aignificant differences in the
populations of Sitophilus either in the single ox
mixed cultures under the humidity-controlled or

ambient laboratory conditions (Pigs. 18a and b)e
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Fig. 16b Mean monthly population growth of Sitophilus
on 25 g. sorghun in single and mixed cultures

with Rhizopertha and Sitotroga under ambient
laboratory conditions,
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However there was a decrcase in the population of

this insect when cultured with both Rhizopertha and

Sitotroga under the humidity controlled conditions,
In the '‘mmidity oontrolled environment, the

Sitophilus population in mixed culture with
Rhizopertha had a higher peak than when it was
cultured alone, though the single culture declined
leas than it did in the mixed culture. An examina-
tion of the Rhizopertha population when cultured with
Sitophilus shows that rapid population growth of
SBitophilus corresponded with the initial slow rate of
growth of the Rhizopertha population and the decline
in the Sitophilus population corresponded with rapid
increases in Rhizopertha, This suggests that
Sitophilus, with & more rapid rate of development
initially suppressed the population of Rhizopertha,
but Rhizopertha eventually suppressed the population
of Sitophilus to a greater extent resulting in a
more rapid decline in Sitophilus than when it was
oultured alone (Phardke and Bhatia 1976).

The peak in the Sitophilus population and the

greatest increase ocoured when it was cultured with
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Bitotroga in the humidity~controlled environment,
The rapid increase in this Sitophilus population
corresponded with a decline and slow growith in the
noth populstion,

A major 8eomsase in the population of Sitophilus
ocoured when this pest was cultured with Rhizoperths
end Sitotrogs (Fig. 18a) under the humidity controlled
envirorment, An examination of the Sitotrosa populas
in this mixed cultured showe that the Siiciroga popu-
lation was relatively high dwing the firat five monthas
while the Sitophilus population also inoreased bdbut at
a slower rate. This lower rate was probably due to a
secretion by Sitotroga intoe the oulture medium,
(Ayertey, 1979a). An examination of the Rhizopertha
population also shows that the population of
Sitophilus declined as the populatio-n of Rhizopertha
waa Increasing, vwhich suggests that JSitophilug was
suppresged by the rise in the population of
Rhizopertha, It could be concluded that the lower
population of Sitopbilus in mixed oultwres with
Bhizopertha end Sitoiroga oompared with when it was
oultured alone or mixed with either of the two pests

probably resulied from the initiel effect of Sitotrogn
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| and at a later stege of effect of Rhizopertha,

| Under the ambient laboratory conditions, the
population of Sitophiilus in both the single and mixed
cultures became very low and In scne cases, died out
after four mentha, This was probably due to the
offect of ‘c.he.weather conditions, especially the
effect of moisture (see L,2).

Thus, Rhizopertha was depressed by Sitotroga and
Sitophilus when in mixed culture with either or both
of these ingects but it was able to compenesate for the
initinl depression at a later stage when it was mixed

with Sitotroga. Sitotrosgs popilations were eliminated

by Rhizopertha and Sitephilug in mixed cultures with
either or both of tham, The elimination was more
rapid when Sitophilus was present In the mixed culture. '
The Gitophilus populations were suppressed by
Rhizopertha when both developed in the same medium,

Bitotroma depressed the Jitophilus population initially

Ybut it was able to raecover later,
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Se IO CONCLUSION:

Bel GRAIN INFESTATION AND DAMAGE BY EE%EEEEEEE&;,§E§;2352L
AND SITOPHILUS SPECIES AT THREE CLIMATIC ZONES IN
HORTHERN NIGERIA.

The collection of samples of stored food over

periods of time has been used in many studies on the
changes in the populations of storage insects over
different seasons, The damage to grains during
storage has also been agsessed through such gamplings
(Giles, 1964b; Halliday, 1966). Through such sample
collections, some workers have suggested that infesta-
tion by stored products insects is induced by high
moisture levels. This suggests that insect populations
are at their minimum during the dry and usually cold
seasons and at their maximum during the moist and

usually waym seasons, Stored products insects that

have been so reported upon include Rhizopertha daminica,
Sitotroga cerealella and Sitcphilus species. These

have different optimal temperature and relative humidity
ranges under which they develop (Reddy, 1950; Birch,
1945; Pingale and Girish, 1967),

In the samples collected and reported in this
thesis, it was found that the incidence of three insect

genera were daminant throughout the nine-month sampling
period. These insects are Fhizopertha, Sitotroga and



.Sitdééilus ﬁﬁich constituteé:béfwean 60 and B0k oé
the total insects found on szorghum and maize at the
three climatic locations in Nigeria included in this
survay., This finding confimms earlier work carried
out by Giles (1964b) Halliday (1566) and Caswell (in
Press). | . .: _ )
The populations of the ﬁ;res stored .products
insect genera and the damage they caused to grains
wers found to be generally low during the dry seascn
(December-March) due to the low moisture and tempera=-
ture during the period, This finding conforma with
obaarvations by other authors elssewhere, Khare and
Agrawal (1962) in India reported that the numbers of
Hhizopertha and Sitophilus found on wheat and maize
from January to June were low. Damage, they said,
wag algo minimal a% this period, The twe insects
were howaever found in abundance from July to October
with the maximum in August, a period which coincided
with high relative humidity. Damage also reached a
peak in August. They colicluded that the low popula-
tion and damage waz duc to the low moisture and

temperature of the dry season, while the abundance

LEENS
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of pests and high damage between July and Octoﬁer was algo
attributed to the high moisture and temperatures of
this period, Giles (196Lb) iu his sampling in Samaru,
Nigeria cocncluded that the low moisture content of
grain during the dry season cxplained the few insects
and the low level of damige recorded from December
t0 June, He alsoc associated the increase in insect
population and damage from July to October with the )
meximom moisture content and high ambient temperature,
Halliday (1966) obscrved that the low level of damage
Yo sorghun and maive from December to April in Xane
wae due to the low grain moigiture, which zade condie
tions unfavourable for insect attock.

The three insect pest populations found on the
two grain types in the present survey were found o
develop first in the Southern Guinez Savannah before
they did in the Northern Guinea Savannah and Sudan
Savamnah zones, This confims Caswell's finding
that insect pest populstions develop first in the
gouth of Nigeria, However, the repyrt by Caswell -
that populatic.. develcpmend was earlier in the
Northern Guinea Savannahi than in the Sudan Savannah

wad not confirmed by the the present study, It was
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however observed that grains from the Sudan Savannah
had a relatively higher moisture content than those
from the Northern Guinea and this explains the change
in infestation and population levels at the two loca-
tions. Thus, Caswell's obaservation that pest popula=-
tions tend to follow the moisture movement was cone
firmed by this survey.

In this survey, Sitophilus was found to be the
dominint insect pest on both maize and sorghum in
the Southern Guinea Savannah but the incidence was
higher on maize than on sorghum, Giles {196Lb)
reported that 8. oryzae (L) was one of the primszy
pestas of sorghum and S, zeamais (Motsch) appeared
only to occur in the southern-most part of northern
Nigeria, He further reported that §. zeamais was
not found at or north of about 10°N, only S, oryzae wag found
beyond 109, Tis suggests that most of the Sitophilus
found in the Southern Guinea were S, zeamais
especially on maize grains, The population of
Sitophilus decreased ncrthwards, especially on
maize, and this is in conformity with the findings

of Caswell, The population of Rhizopertha in this
survey also decreased northwards, especially on
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sorghum, and this is contrary to the findings of

Caswell who reported that populations of Rhizoperths
and Sitotroga were not different frem one another at
the three climatic zones.

The maximum damage to sorghum found in this
survey was 13%. Thie level was less than was
recorded by Giles (196Lb) in his samplings at Samaru
where 15% damage was reported but was more than that
found by Caswell, in which he reported 7,5% maximum
damage or that reported by Halliday (1966) in Kano
which was only L%, The maximum damage to maizc
found in this survey (21%) was higher than the level
reported by Halliday (1966) in Kano (5%). However
this maximum damage was reccrded at Mokwa where
moisture was high enocugh to encourage insect
activity, especially Sitcphilug on maize. Cornes and
Rilley (1961) recorded damage levels ranging from 2
to 60% in seven months (August-February) on maize
in Tlora, Oyo State and they attributed the damage
to the prinoipal pest found in the area - S. geamais.
This suggests that the nearness of Mokwa to Ilora
explains the high damage level recorded for Mokwa and
confirms further that the lower damage levels recorded
at the more northern zones of Nigeria is due to the

corresponding reduction in grain moisture,
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THE ROLE OF MOISTURE IN Tuk BUILD-UP OF PUFULATIOND
OF RHIZOPERTHA, SITOTROGA AND SITORHILUS ON STORLD

GRAIN IN NORTHERN NIGEHIA. "
The effact of humidity on the development ;f

atorage pests can be said to operate indirectly

through the moisture content of grain., There is

a faizrly well defined relation between water

content of grain and the relative humidity of the

air surrounding the grain, Consequently, the

amount of meoisture in grain changes according to

the relative humidity of air. Insect astivity ias -

generally rapid at relative humidities in excess

of T5%; the corresponding moisture contents of

most graing are in the regilon th=15% and above

(Pingale and Girvish, 1967). For the majority of

of storage pests, moisture contents below 10Uk

are not adeguate for nommal activity and development.

Mere slwaya seéms to be a dafined renge of relative

humidity and molsture content that crwates optimum

conditiona for the development of all insect popula-

tions, Moisture iz also closely related to temperam

ture ag the amount of weter retained in the air

depends on the prevailing temperaiure conditions. -
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Rhizopertha dominica is rapﬁfted to be.aﬁie to
Ib:c‘eed in grain of &¢ moisture content (Thomson, 1966,
Pingale end Girish, 1967) and Birch (1945) zalso
veported that the molsture content of the driest
grain in which Rhizopertha was able Yo develop
varied with temperature, falling as the temperature th
inoreased from 18,2°C to 34°C, but this increased at
temperatures above 3,°C. Acoording to Howe (1965) the
minimum temperature for the development of
Rhizopertha is 23°C while the minimum relative humi-~
dity for its develcpment has been recorded aa 30%
(Prevett, 1971). Xhare and Agrawal (1970) found that
the optimum relative humidity for the develomment ~f
Rhizoperthe ranged between 60 and 75%., In the
experiment reporied herc, the population of
Rhizopertha was higher in the humidity-contrelled
enviromment thun it was under ambient conditions,
The ambient temperature from December tc Pebruary/
March averaged 22':'0, below the minimum required for
the development of ghizoperiha and this was respone
sible for the low populations recorded under the
ambient laboratory conditions. aAs temperatures increa=

sed, the effect of moiature on the population growth



121

of Rhizopertha became apparent as lts population
under the humidity-controlled environment increaged
rapidly while that under ambient conditions |
declined. This pest did not die out during the
dry cold weather under ambient conditions because
it could tolerate low relative humidities (Khare
and Agrawal, 1970; Prevett, 1970),

There were no significant differences m the
populations of Sitotrgga under the humidity-
controlled and ambient conditions foxr six months
of thig experiment. After this periocd Sitotroga
under the ambient conditiong died out while the
population under humidity-controlled conditions
continued during the periocd of observation. ..
According to Grewal and atwal (1969) and Prevett
(1970) the development of Sitotroga was more
favoured at temperatures bhetween 25 - 30°C and
relative humidities of 70 ~ B(Xp. The higher maximm
reached by Sitotroga under the humidity-controlled
condition could be attributed to the higher
moisture level. Howe (1965) also reported that the

maximun temperature and relative humidity for the
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development of fitotroza were 16°C and 30% respectively. |
Thus the low temperature (22°C) and relative humidity |
(35%) of December and January were higher than the
minimum for the insect, hence the population could
increase, reaching a peak during January in this
experiment. The stres; of moisture was only effective
on this insect after the temperature had increased in
March, Sitophilus kept under ambient conditions died
out five months after the experiment was gtarted, The
| relative humidity from DecembeXw Pebruary was less
than }40%. On the other hand the population under the
“humidity~controlled conditions continued until the end
of observation and the relative humidity was above 65%
during the obaservation period. Significant differences
in population under both conditione was ohserved {rom
the third monith {(December) to the and of observation.
According to Reddy (1950) the optimum relative
humidity range for oviposition and development of
Sitophilus was 75 - 90% and the cptimum moisture con-
tent was between 13 - 1%, In grains of moisture
content of 8 - 10%, Sitophilus did not develop (Birch,

1945; Reddy, 1950; Pingale and Girish, 1967), Pingle end Girish {1%67
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algo:réﬁorted that the rate df dav?lojnﬂnt anﬁ reprodubtion
of 5. Qryzae increased as the molsture content of
rice was inoressed from 12,2 to 17.6%. According to
Howe (1965) S. oryzae will not develop at humidities
of less than 60§, Thus Sitophilus died out in
February in the experiment described hers because the
relative humidity of this month was less than L0,
The moisture content of grains at this period was also
less than $9%. This insect continued to breed in the
humidity-controlled oondition because the high
relative humidity and grain moisture suited its
development, | . S _

From the above, it cuan bBe concluded that although
soma siored product insects can withatand a low rela~
tive humidity, especially Siiotroga and Rhizgpertha,
their populaticons are uswally low during the periods
of low relative humidity. In the present experiment
Sitotromge could also tolerate low temperatures
(16%¢), Consequently its population during Decemberl-
April was able to inerease, as wae found at Kano
during January/February (see L.1). A48 soon as the

moisture level improved, the population of these
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inseots increased and this confirmed the earlier
survey by Giles (1964b), Halliday (1966) and
Caswell (in press) that the low populations and
damage recorded during the months of December to
April was due to the low moisture content of the
grains in their samples, while the high infestation
recorded during June to October was due to the high

grain moisture during this period,

EFFECT OF ONE INSECT POPULATION ON ANOTHER TN THE

DEVELOPMENT OF POPULATIONS OF RHIZOFPERTHA,
AND SITOPHILUS

Birch (1957) defined competition as that sogur—

ing when a number of animals (of same or different
species) utilise common resources, the supply of
which ip short; or if the rescurces are net in short
supply, competitiom occurs when the animals seeking
that resource nevertheless harm one or other in the
process. Ingpite of the eriticisms of Birch by
Milne (1961), this definition seemed more appropriate
to the results obtained from experiments reported in
this thesis. The insect species dealt with are
known to feed and develop on sorghum grain, hence

they make use of the same rescurce, In seeking this
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resource the insect species will interact and harm
one another in the ctruggle that ensues, even when
the grains are not in short supply. In a mixed
culture of Sitotroga snd Rhizopertha or Sitophilus
or both, Sitotroga was found to be eliminaved.
Rhizopertha had its population depressed initially
by Sitotrogsz but was able to compensate for the
initial depression by increasing very rapidly when
Sitotroga had been eliminzted from the medium,
Rhizopertha was also depressed initially by
Sitophilus but it later increased, though not as
much ag when it was cultured alone, Sitopnilus
appeared to be unaffected by Sitotroga in the

same medium but when it was in a mixed culture with

Rhizopertha, its porulation was depressed,

Crombie (1944) found that larvee of Sitotroga and
Rhizopertha attack cach other directly after
encounters at random within wheat grains with the
weak or later arrived larvae killed or forced to
migrate, ©Such migrztion may lead to survival in
an unsaturated enviromment but when the environment
is limited a point is reached when migration from
grain to another will only lead to death in another

place., He concluded that Hhizopertha larvae are
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more successful in such encounters which eventually leads
to the elimination of Sitotroga from such media, Crombie
(1947) also observed that competition for space, which
limits population, occums among insects vhich compete for
definite ovipesition nites e.g. 5. oryzae, R, dominica,
S. cerealella ete. le concluded that superiority of one
opecies over .nother depends on:
n) rate of reproduction mnd survival
b) interference through direc! ittack, condition-
ing of medium or rapid use of reg ucrces.
Sitophilus has been shown to outnumber Rhizopertha in
the same medium (see 4,3) and this was prcbably due to its
higher rate of reproduction, while its survival rate could
be about the same, Sitophilus and ihizopertha moy © wve
interfered with Sitotrog: through dir co® attack by adult
Sitophilus on immature stagec of Sitotroga during feeding,
and the attack by the more active lhizopertha larvae cn
Sitotroga larvze. Thies resulted in the elimination of
Sitctroga from the mixed cultures described here,
Phardke and Bhatia (1976) observed = mutual

suppression of population growth in a mixed culture of

S. oryzae and H. dominica. They found that S. oryzae



outmumbered R. dominice during their population
growth and this was attributed to greater activity
and faster rate of dewelopment in S, oryszae, as .
compared with that of R, dominica. It was found that
the population of the insect spocies was higher when
ocultured alone than when cultured together.

The elimination of Sitciroga from the mixed
cnlture by the other inmect species in this ‘
experiment took about six months. Chesnut and'
Douglas {1971) found that the elimination of
Sitotroga by S, zeamais in corn field in Misslasippi
was after 6 - § generations and this was because the
eges of the latter were desiroyed by mechanical
_damage caused by the weevilas, Ayerisy t1979b; 1980)
on the other hand reported that Sitotrcga was
eliminated within 18 weeks in & mixed culture with
Se zoamais becauwse of the mortality of immature
moths inside grains caused by the feeding of $.
Zeamasis .

These three insect genera are abundant in stored
sorghum and maize in northern MNigeria as shown in
L1 above. Giles (196L4b) reported different peak

reriods for the inseots with Sitotroga increasing

4
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rapidly in July, ﬁhizoperthg in August and Sitophilus ';\:'
in September/October. It could be deduced that the
population of Sitotroga declined in August because of the
interference of the growing pepulation of fhizoperthe and,
Rhizopertha alseo declined when the gitophilus population
became high in September/October. I1 is however evident
that Sitotroga was not eliminated in nature in the
Nigerian situation because of the interference of weather
(low moisture and temperature) which reduces the Sitophilug
population from December to April and the low temperature
which 1limite the development of Rhizopertha, none of which
has ae much effect on Sitotroga. This may be the reason for’
the earlier population peak reported for Sitotrosa.
Bhizopertha which could tolerate low meisture was limited in
development 'y tenvernture aud could net reach a high popu-
lation from December to April to eliminate JSitotroga. Thus
the three inse:t genera continue to develop together on

grains in Nigeria, but with peaeks at different periods of time.
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SUMMARY o -

A study of the developmeﬁt of populationg of

three major pests — Bhizoperiha, Sitotreogn and

Sitophilus -« on gtored sorghunm and maize seeds in
three climutic zones of Nigerin was carried out ovei
& nine-month period,

The methods used in the study included a survey
of the relative incidence of the three pest genera
and damage caused to gorghum and malze at Mokwa, Zaria
and Kano (representing the Southern Guinea Savanngh,
the Northern Guineca Savannabh :nd the Sudan Savannah
respectively), observations on the growth of the
populations of the three pest genera under laboratory
conditions when each population was cultured aslcne or
with another,

Results of the survey showed that Rhizopertha,

- Sitotroga and Sitophilus together constituted
between 60 and 80% of all insects found on the two
grain types obtained from markets at the locations.
Populationa of these insects were much higher at
Mokwe. than at Zaria or Kano, The insect pest popula~
tione developed first at Mokwa followed by those at

Zaria and Kano. The earlier arrival of the rains and

f
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higher moisture at Mokwa was found to be responsible
for this. Sijophilus was the dominant pest, especially
on maize on which its population was higher than that
of Sitotroga or Hhizopertha, Damage to grains closely
followed infestation of these grains., Damage to
sorghum was low during Dagember to April and damage to
maize samples from Mokwa was higher than that from
Zaria or Kano. Relatively high weight losses were
recorded at the three locations an the two graintypes,

To determine the role of moisture in the popula-
tion growth of Rhizopertha, Bitotroga and Sitophilus,
gingle population cultures of these insects were
observed in the laboratory under humidity-controlled
and ambient laboratory conditions. In all cases,
insect populations under the humidity-controlled
conditions were higher than those under ambient
laboratory conditions. The Rhizopertha popul -’ on
under the ambient laboratory conditions was verr
low until the eighth month when the relative hunidity
increased at the beginning of the rains. The Sitotroma
and Sitophilus populations died out under the ambient
laboratory conditions while those in the humidity-
controlled conditions continued breeding to the end of

observation,
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Jingle and mixed population cultﬁres of thesge
three genera were alsc observed for nine months under o
lrmidity controlled and ambient laboratory conditions |
to study the effects of one poﬁulatibn onn the other,
Rhizopertha was initially depressed by temperature and
§§jotro§2 but was able to comvensate after temperatures
increased and Sitotfoga was eliminated from the mixed oulturéé.

In mixed cultures ef Sitophiluns and ktthizepertha, a mutual

aupvression of the populations of the twe insects was
obacrved, Sitotroge was climincoted in mixed oulturee B
with either Rhizopertha or :jtophilus or both, and the - o
elimination was faster whenever Pitophilus was present in |
the medium., Sitophilus was Cepressed when it wéé cultured

with Qhizepertha and Sitotroge, . -
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Appendix 2a: Percent Damage and Weight loss in sorghum samples
obtained from markets at Mokwa, Zaria and Kanc,

MOKWA 4LARTA KANO
MONTHS

% Damage | % Wt. | 0 Damage | % Wt, | % Damage % Wt

loss loss loss

OCTCHER 10.7 2640 1.7 | 18.6 9.2 17.4

NOVIMEIR , 12,2 : 3Ly 1eli ;22.7 : 6.6 33.7T
DMCIMELR Sl 1l ; 0.6 30.7 l 2.4 10.7 |

JANUARY 1.5 9.7 1.2 | 33.4 3.4 | 35.8

FLCRUARY 1.6 Lol 0.7 31.3 8.3 25.8

MALRCH 2,7 10,4 0.8 35.9 2.5 24.3

ACRII 2+:3 a2 162 23.0 241 7.8

MAY k.0 23.0 3.0 19.6 6.5 .4

JUNE 9,2 15.9 1.9 2L.2 5.0 12.6

Av, for 9 months 5.5 16.9 2.1 26,6 6,2 20.3
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143

Percent damage and weight loss in maize samples
obtained from markets at Mokwa, Zaria and Kano.

MOKWA ZARIA KANO

MONTHS ———
% Damage |2 Wt. |’ Damage| % Wt.| 7 Damage| 5% Wt.
loss loss loss
CCTOBER 13.9 | 23.7 0.3 | 25.4 2,0 | T4
{ NOVEMBIR 13.7 ' a2 : 0.9 | 2.2 2,1 | 29.3
DICLMBER 20,9 |2u.7 | 2.3 | 1.5 10,0 | 19.4
JANUARY 12,0 i1;--.6 | 2.2 4.5 549 27.0
FEPRUARY 8.1 15.9 12.7 21,5 6.8 1.4
MAGCH 9.1 18,€ T3 13.0 1.4 | 20.2
APRIL 12.5 18,1 1.8 33.6 6.5 19.5
MeY 9.1 2041 13.3 el 6.0 23.7
Juias 7.9 30.9 6.1 10,5 8.4 37.6
Av. for 9 months 11.9 22,1 5e2 15.7 6.6 22.8
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Moisture content of monthly grain samples obtained
from Mokwa, Zgria znd Kano markets,

MOEWA ZARTA KANC

MONTHS -

Sorghum Maize | Sorghum | Maize | Sorghum |MMaize
OCTOBER a1 13.1‘ 9.6 : 12,2 ' 10.6 13.5
{ NOVEINEER 10,1 f 11.9' 9.2 9oy 5 9.0 8.1
DECEMErR 10,4 ’ 10,0 Te5 8.2 8.6 7.8
J ANUARY 9,0 945 740 6.9 T.6 T+6
FHBRUARY Tkt 8.4 61 6.7 6.3 643
MARCH T6 8.2 5e9 6e3 6.l 6.7
APRIL 8.6 8.4 Te3 7.0 749 7.8
A 10.5 10.6 8.3 8.9 10.8 10,1
JUNE 1.7 1.7 1047 10,1 10.4 9.8
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Lppendix Sas Mean Monthly Relative Humidities and Temperatures
in the Humidity Cabinets and the Ambient -
Laboratory Conditions.

CABINET A CASINET B AMBIENT CONDITION

MONTES e = . - . =

R.E. % | ™aw. “C |R.H. % |TMp. “c|] R.H. % |{TRMP. C
NOVEMEER 76.3 26,2 58 25.4 L8.6 26,0
DECEMBER 80,6 22,1 66 21.8 35.8 22,5
JANUARY 82.2 23.4 69 22,7 2944 23.3
FEBRUARY 83.9 24.6 70.1 2.5 26,4 25.5
MARCE 8L.7 28.3 T71.5 28.0 35.2 29,0
APRIL 8445 29.6 Tl 29.6 Lh.3 29.8
MAY 88 27,6 TheT oy B 7641 28,1
JURE 90.3 2742 T746 276 83.1 27.3
JULY 91.4 2547 80.0 25.8 85.1 25.8
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4Appendix 5b: Moisture content of sorghum grain kept in
the humidity—controlled cabinet and ambient
laboratory conditions (Grain moisture was
determined at 3 - L monthly intervals).

NOVEMBER FEBRUARY JUNE
CARINET A 12.%% 12185 13,26
CABINET B 10.55% 11.5% 12,94

AMBIENT 94 %0 5.0 11,15




appendix 6a STATISTICAL ANALYSIS CF HC. OF INSECTS FOUND
I¥ MARKET SAMPLES FOR NINE MONTES FROM MOKWA,

ZARTA AND ¥KANO,

48

SORGHUM ANGVA TARLE
Source D.F.] Sum of Square |Mean Sum of Square F
site 2 107786, T1 53893.355 2L.02
Yeriod 8 96850421 12107.526 5396
Species P31 hold 6L 13480,5L7 6,008
Site x Period 16 50954957 318L.685 1.419
Site x Species 81351414 13558,.569 64043
rYeriod x Species 2l 124566 .302 5190,283 2,313
liesidual 26 592325807 22L3.658
Tetal 323 10942874543 3387.887
Appendix 6b
MAIZE ANOVA TAELE
Source D.F. Sum of Square |Mean Sum of Square F
Site 2 62158,617 31079.309 29.341
Period 8 15371.562 1921445 1,814
Species 3 55147.935 18382.645 174355
Jite x Period 16 21499,.363 1343.711 1.269
Site x Species 6 T198L.,00 11997.333 11,326
icriod x Species 2l 35870.759 149% .615 1.1
oite x Period x
Species L8 5052L.589 1052.602 0.994
Lesidual 216 228796.000 1059.241
Total 323 5413534145
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