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Population dynamics and migration of cbwpea
pests in northern Nigeria: implications for
integrated pest management
H. Bottenberg1, M. Tamo2, D. Arodokoun2, L.E.N. Jackal3,
B.B. Singh4, and O. Youm5

Abstract
The population dynamics of major cowpea pests was studied in northern Nigeria
during 1992-95 in both Ihe wet and dry seasons. Rainfed cowpea is grown as a
subsistence crop, mixed at low densities with cereals. Dry-season cowpea is irrigated
or grown on residual moisture in monocultures as a cash crop. Light-trap monitoring
and sampling of cowpea fields, throughout the wet and dry seasons, showed that
Manica \iirata (previously M. testulalis) does not occur during the dry season in
northern Nigeria, even if cowpea is present. Corroborative data from more southern
locations within the study region showed that Mariica is a migratory pest, which
survives the dry season on alternate hosts in the more humid south and migrates to
the north following the pattern of rainfall and cowpea cultivation- Similarly,
populations of Megalurothrips sjosledri and Clavigralla tomentosicollis are very low
on cowpea during the dry season but develop rapidly during the rainy season. Aphids
and Lycaenids are present year round but predominate during the dry season. The
importance of seasonal changes in the pest complex and cropping system for
integrated pest management (IPM) of cowpea is discussed.

Introduction
Cowpea, an important food crop and source of protein in West Africa, is grown mainly in
the savanna regions in the wet season (WS) (Taylor 1967). The dry season (DS) in Kano,
northern Nigeria, lasts from October through May (Griffiths 1972; FAO 1984). No crop is
left in the field and most herbaceous vegetation dies off, except in irrigated crop land and
swampy areas (Hill 1972). Yet, every year, cowpea is attacked by a wide variety of pests,
particularly aphids Aphis craccivora Koch (Homoptera: Aphididae), pod borers Manica
vilrata (Fabricius) (previously M. testulalis [Geyer]) (Lepidoptera: Pyralidae), flower
thrips Megalurothrips sjostedti Trybom (Thysanoptera: Thrlpidae), and pod-sucking bugs,
especially Clavigralla tomentosicollis Stal (Hemiptera: Coreidae) (Singh et al. 1990).
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It is not clear if these pests survive the DS in northern Nigeria or if they migrate and fly
in from more southern areas at the onset of the WS. The desert locust (Schistocerca
gregaria fForskal]) and the African army worm (Spodoptera exempts [Walk.]) are two
examples of migratory pests in Africa that follow wind-convergence systems and seasonal
rains to areas with abundant vegetative growth (Belts 1975). In the Middle East, windborne
migration of 17 species of moths from breeding areas in the Nile Delta has recently been
demonstrated (Pedgley and Yathom 1993). Nonmigratory pests may survive locally on
alternate hosts, or on cowpea planted in soils with residual moisture or in irrigated land.
Pests may also retreat in a dormancy stage in a protected site (Denlinger 1986). Hammond
(1983) found inactive, quiescent C. lomentosicollis adults in cowpea leaf litter during the
DS in Mokwa, Nigeria. The maize stem borer. Bltsseola fitsca Fuller, and the millet stem
borer, Acigona ignefusalis Hampson, pass the DS in northern Nigeria as diapausing larvae
in stems of millet and sorghum, stored as fodder for farm animals (Harris 1962; Usua
1973). Potential estivation sites for cowpea insects may include soil and cowpea fodder.

DS cowpea production is popular on soils that retain residual moisture after recession
of flood waters in alluvial flood plains (fadamas), such as the Hadejia Wetlands (Thomas
1992; Hanssens 1993) and Bida area (Alghali I991a) in northern Nigeria, and the Lake
Chad Hood basin covering parts of Niger, Nigeria, Cameroon, and Chad. Cowpea is also
becoming an economically viable DS cash crop on irrigated land. Because of the
increasing potential of DS cowpea production in northern Nigeria, there is an urgent need
to document its pest profile and develop appropriate control methods.

During 1992-95. a number of surveys and studies were carried out in northern Nigeria,
to determine which of the cowpea pests persist during the DS and those which occur only
on rain fed cowpea. This paper synthesizes the results of those studies and discusses
strategies to control cowpea pests during the DS and WS.

Methods
Potential diapausing sites
The following sites were investigated for the presence of diapausing eowpea pests in the
1992-93 DS in the Minjibir Local Government Area, Kano. Nigeria.

Cowpea fodder. Cowpea fodder bundles from 15 farmers' fields (3 bundles per field)
around Minjibir village were stored on trees near the field of origin between 7 and 28 Oct
1992. The bundles were weighed and checked for insects between 20 and 28 Jan 1993.

Cowpea leaf litter and topsoil. Two cowpea fields, planted on 21-23 Jul 1992 with cv.
IT86D-7I5 (extra-early maturity) and cv. Dan 'Ha (a local cultivar, spreading type), were
selected. The fields, never treated with insecticides, were attacked heavily by M. vitmia
(3.2 larvae/flower, mean of two sampling dates) and less intensely by pod-sucking bugs
(1.4/m-row. mean of two sampling dates, nymphs + adults, all species combined). After
pod harvest on 13-14 Nov, the leaf litter and topsoil were sampled for arthropods during
19-30 Nov. The leaf litter was collected by placing a 100 x 50 cm wireframe lengthwise on
top of the cowpea row, thus enclosing four (cv. IT86D-715) or two (cv. Dan Tla) stands,
and removing all leaf litter within. This was followed by removing the topsoil within the
wireframe down to the level of the furrow between the rows (~ 30 cm deep). This
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procedure was replicated 40 times in the field with cv. IT86D-715 and 48 times in the field
with cv. Dan 'Ila, resulting in a total of 88 samples. The leaf litter of each sample was
weighed, and checked in the laboratory for arthropods; the soil was sieved, weighed, and
checked for arthropods in the field. Preserved arthropod specimens were identified and
deposited at the IITA Insect Museum, Cotonou, Republic of Benin.

Alternate hosts in the DS
A wide variety of leguminous trees and herbaceous weeds in Kano state during the
1992-93 and 1993-94 DS was examined for the presence of cowpea pests.

Pests of DS cowpea
The following surveys and experiments were conducted to monitor DS cowpea pests in
1993-95 and were extended through the WS.

Farmers' fields planted on residual moisture. Farmers' fields were visited with a local
extension agent about every two weeks from mid-Feb to mid-Oct 1994, starting with
cowpea at the flowering to early podding stage. The fields were situated within a 20 km
radius of Nguru, Yobe state, northern Nigeria. DS cowpea production on residual moisture
after WS rice cropping is a traditional practice in this area. During the WS, rainfed cowpea
is planted mixed with millet and sorghum on higher, drier, and more sandy soils
surrounding the marshy flood plains. Each month, 5-19 fields were visited. In each field,
150 flowers were collected: 25 flowers in a vial with 50% ethanol and 125 flowers in a
paper bag. The flowers in the vials were checked in the laboratory for insects, particularly
thrips. with a stereomicroscope. The flowers in paper bags were checked carefully for live
Lepidopteran larvae, which were placed in petri dishes with fresh cowpea pod and reared
out to adults to determine the species (in the case of Lycaenids) and parasitization rates.
Specimens were sent for identification to taxonomists at the Smithsonian Institution, USA
and deposited at the IITA Insect Museum, Cotonou, Benin. Farmers were interviewed for
information on cowpea variety, planting date, expected yield, pest control practices, and
observed pests.

Irrigated planting date trials at the IITA Minjibir farm. In 1993, plantings of cowpea
Dan 'Ila were made on 18 Mar, 24 Apr, 15 May, 28 May, and 9 Jun. The plots measured 25
x 25 m and were located on previously flooded land along the irrigation reservoir, adjacent
to the IITA research farm at Minjibir, near Kano, Nigeria. Residual moisture was supple-
mented with overhead sprinkler irrigation when necessary. Cowpea flowers (up to 100 per
day) were collected, stored in 50% ethanol in vials, and checked in the laboratory for
insects with a stereomicroscope. Starting on 1 Jan 1994, cowpea variety TVx 3236 was
planted every 15 days at 25 x 75 cm in plots measuring 10 x 10 m. The last plot was
planted on 15 Dec 1994. During the DS, water was provided when necessary by sprinkler
irrigation. Planting dates were not replicated due to constraints imposed by the irrigation
system.

Vegetative tips, racemes, and flowers were collected daily during the DS and every
other day during the WS at the rate of 50 per plot, stored in 50% ethanol in vials, and
checked in the laboratory for insects with a stereomicroscope. In addition, 100 flowers per
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plot were collected daily or every other day in paper bags; each flower was checked
carefully in the laboratory. Live Lepidopteran larvae were removed, placed in petri dishes
with fresh cowpea pods, and reared out to determine parasitization rales. Populations of
pod-sucking bugs were assessed visually every other day between 8-10 AM, from the
onsel of podding to pod maturity. Counts were made by walking along each row in the plot
and recording the species and number observed. All pods from the central row were hand
picked at maturity. Before threshing, the percentage of pods that were damaged by
Lycaenids, M. vitrata, and pod-sucking bugs was determined.

Flight activity of cowpea pests during dry and wet seasons
Sticky traps for thrips and aphids monitoring in Kano. We used 30 x 50 cm plastic
transparent sheets coated with Tanglefoot® on one side and mounted in wooden frames at
different heights on a 330 m tall TV transmission tower (Kano Broadcasting Corporation)
near Kano. The frames were attached with strong steel wire to the tower at 35 m, 110 m,
and 190 m, with the sticky sides facing E, SW, and NW directions (as per the orientation of
the tower). The sheets were changed weekly and taken to the laboratory, where all
arthropods were removed with forceps. Arthropods were stored in vials with kerosene to
dissolve Tanglefoot®, and counted and categorized into 42 groups, using a stereo-
microscope.

Light trap for M. vitrata monitoring. These were set up in Kano, Nigeria; Cotonou,
Republic of Benin; and Niamey, Niger. An insect light trap was developed, based on a trap
designed by O. Youm at the ICRISAT Sahelian Center, Niger. The trap consisted of a
mercury vapor pressure (MVP) lamp with baffles, a funnel, and a cage. Insects, attracted to
the light at night, hit the baffles, and dropped through the funnel into the cage. The cage,
made of wood or metal, measured about 1.5 x 1.5 x 2 m, with sides made of 2 x 2 mm
screen mesh. The cage had a door for a person to enter; two opposite sides of the cage
could be opened to facilitate cleaning. Holes were drilled in the floor to drain the rainwater.
M. vitrara adults were collected in the morning by picking the moths individually from the
inner sides of the cage. Trapping was done from sunset to sunrise. M. vitrata trapping
started in July 1993 at all three sites.

Results
Potential diapausing sites
No diapausing M. vitrata or pod-sucking bugs were found in cowpea fodder, leaf litter, or
soil (Bottenberg, unpublished). Low numbers of bean leaf beetles (2 Ootheca sp.) and adult
pod-sucking bugs (2 C. tomentosicollis, 1 Mirperus sp., and 1 Aspavia sp.) were found in
2445 kg of topsoil sampled from a cowpea field. These insects appeared active and may
have flown in from adjacent surroundings. The only cowpea insects recovered from 46 kg
of fodder were 16 bruchid larvae (Callosobruchus maciilatus [Fabricius]). feeding on
cowpea grain contained in the fodder bundles.

Alternate hosts in the OS
Lycaenid larvae were collected from flowers of Crotalaria sp. during the early DS
(Nov-Dec). and also on pigeonpea (Cajanus cajan [L.] Millsp.) and lablab (Lablab
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purpitreus L.) planted on residual moisture in the Hadejia Wetlands. Monica vttrata larvae
were found in flowers of Sesbania sp. and Crotalaria sp., but their infestation was highly
variable and noticeable only during the WS when cowpea was also present. Pterocarpus
sp. and Lonchocarpus sp., important off-season hosts for M. vitrata in the humid forest
zone (M. Tamo, unpublished data), were not found in Kano. Cassia obtitsifolia L.
supported populations of A. craccivora at the onset of the WS before cowpea planting
commenced in July. During the later part of the DS, various hemipterans, including
Anoplocnemis atrvipes (Fabricius) but excluding C. tomentosicollis, were seen feeding on
pods of Cassia occidentatis L. Flower thrips were found in flowers of Crotalaria sp.,
groundnut (Arachis hypogea L.), pigeonpea, and lablab.

Pests of DS cowpea planted on residual moisture in Hadejia Wetlands
Farmers reported heavy damage by aphids (Aphis craccivora Koch) on DS cowpea. No
larvae of M vitrata feeding on cowpea flowers or pods were found during the DS. Flower
infestation by M. sjostedti was relatively low (< 1 thrips/flower) during the DS, but after
the rains started, it increased rapidly to 7 thrips/flower in mid-July; infestation then
dropped to < 1/flower in October after cessation of rains. FrankHniella sp. and Sericolhrips
sp. were present during the DS, reaching levels of 4 thrips/flower. Lycaenids comprised the
major flower-feeding, lepidopteran pest during the DS, but densities did not exceed 0.09
larvae/flower. Of the 224 Lycaenids that were reared to adulthood, 71% were Lampides
boeficus (L.), 20% Lepidochn'sops sp., and 9% Virachola anialus Hopffer (determined by
R. Robbins, Smithsonian Institution, USA). Flower infestation by M. vitrata larvae did not
start until mid-July, after the onset of rains, reached a level of 0.12 larvae/flower in mid-
August, and declined to zero in October. Lycaenid numbers dropped rapidly as M. vitrata
increased in the WS.

Pests of irrigated DS cowpea in Minjibir
In 1993, when collection of flowers started on 2 Jun due to delayed flowering in cowpea
cultivar Dan 'Ila, the first two M. vilmta larvae were collected on 22 Jun from 200 flowers.
No M. vitrata larvae were collected prior to this date from flowers nor from vegetative tips
that were inspected weekly at the rale of 100 per plot in May.

In 1994-95, aphids, not observed during the DS, appeared in July, but populations did
not persist beyond August and are not reported here. Flower thrips were scarce during the
early DS but increased rapidly (up to 12 thrips/flower) in the last week of April (Fig. 1).
The first peak comprised mainly adults. Flower thrips were the major thrips species from
May through September, after which the numbers dropped (it must be noted that cowpea
TVx 3236 is known to be somewhat resistant to flower thrips; their incidence could have
been higher otherwise). FrankHniella and Sericothrips were more common in the DS than
in the WS. Although Sericothrips sp. feeds more on foliage than on flowers, we assume
that the number of thrips present within the flowers is a spillover from the populations
feeding on the foliage and is, therefore, indicative of its population size. Sericothrips leaf
damage was observed in mid-May, but disappeared soon thereafter. Although the first plot
was planted on 1 Jan 1994, M. vitrata larvae did not begin to infest cowpea flowers until
the last week of June in a plot planted on 15 May (Fig. 1). M. vitrata flower infestation
peaked in mid-August (1.2 larvae/flower) and declined to < 0.1 larvae/flower in October;
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Figure 1. Cowpea (TVx 3236) flower infestation (3-day moving averages) by Frankliniella spv

Sericothrips sp., and Megaiurothrips sjostedti (larvae and adults combined) and larvae of
Lycaenids and Maruca vitrata in plots planted every 15 days from 1 Jan to 15 Dec 1994, at the
IITA research farm in Minjibir, Kano state, Nigeria.

276



Population dynamics ofcowpea pests in northern Nigeria

I 30 Ma. I 3(j|nn I 15 Oc!
ISFeb 14 May 11 Aui;

Planting dale
12 De

1 Ian ! 11 May '
22 Mar j() luti

Dale (1W2-1993)

19 AUK
' 8Oc l '

Figure 2. (a) Cowpea (TVx 3236) pod damage by larvae of Lycaentds and Maruca vitrala in
plofs planted every 15 days from 1 Jan to 15 Dec 1994, af the IITA research farm in Minjibir,
Kano state, Nigeria, (b) Weekly total catch of Aphis cracdvora and Megalurothrips sjostedtt on
sticky traps mounted on (he 300-m tall Kano Broadcasting Corporation TV transmission tower,
Kano city, Nigeria, from July 1992 (o October 1993. Numbers shown are the sum of catches
made with traps at 30, 100, and 190 m, facing E, SW, and NW directions.

low levels of infestation persisted throughout November and December. The last M. vitrala
larvae were collected on 9 Jan. M. vitrata pod damage (Fig. 2a) was first recorded from
plots planted on 14 May (2.4%), reached a peak in plots planted on 31 Jul (23.2%), and
dropped lo zero in plots planted after 15 Oct. Lycaenids were always present during the DS
and WS. However, they declined during the WS as M. vitrala populations increased. Pod
damage caused by Lycaenid feeding followed the same pattern. It was relatively high
during the DS but did not have a significant impact on yield. Damage by M. vitrata is
easily distinguished from Lycaenid damage by the presence of frass around the entry hole.

The pod-sucking bugs complex changed rapidly from month to month. During the
1994 DS, the pentatomid Agonoscelis ?haro!di Bergroth (l/m-row), the lygaeids Spilo-
stethus rivularis Germar (0.3/m-row) and S. sp. nr? elegans Wolff (0.8/m-row), and the
pyrrhocorid Dysdercits voelkeri Schmidt (1.2/m-row) were tmost common (determined by
G. Georgen, IITA, Cotonou, Republic of Benin). Only A. ?haroldi was recorded again in
the 1995 DS. Clavigralla lonieittosicollis counts were very low during the DS: they started
to increase rapidly in the first week of June, peaked in early August (0.8/m-row) and
declined in September, probably due to migration to the larger fields surrounding the test
site that were podding in September. Other, less common PSB species were Aspavia
armigera Fabricius, Mirperus jaculus Thunberg, Clavigralla shadabi Dolling, Cletux
notatus Thunberg, Nezara vihdula L., Riptortus dentipex, and Anoplocnemis citrvipes.

Grain yields were highest in plots planted on 16 Mar (681 kg/ha); and lowest in plots
planted on 31 Jul (150 kg/ha). Yield was negatively and significantly (df = 15. P < 0.05)
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correlated to pod damage caused by M. vitrata (r - -0.50), but not with pod damage
caused by PSB (r = -0.42) or Lycaenids (r = 0.03).

Flight activity of cowpea pests during DS and WS: sticky traps
Cowpea aphids and flower thrips were collected from sticky traps throughout the year
(Fig. 2b). Adult M. vitrata and pod-sucking bugs were never collected. Megalurothrips
sjostedti numbers suddenly increased in May when winds were shifting from the NE to the
SW. Cowpea planting had not yet commenced around Kano at this time. A second peak of
flight activity developed in September as cowpea in northern Nigeria was in the flowering
to podding stage. Aphis craccivora flight activity was high in the early part of the WS and
decreased in September. However, a distinct peak developed in March.

Populations of cowpea pests during DS and WS: M. vitrata light trap monitoring
Results of the first two years of trapping showed that M. vitrata did not occur in the Kano
and Niamey locations during the DS from about November to July (Fig. 3). It occurred
only during the WS from July lo October, when rainfed cowpea is cultivated. In Kano,
three peaks developed, each about one month (or one generation) apart. The first peak
occurred in mid-August, the second (the highest) in mid-September, and the third in mid-
October. In Niamey, the most northern site, only one peak developed around
mid-September. In the southern location (Cotonou), there were two periods of flight
activity. The first lasted from about mid-May to mid-August, and the second from mid-
October to mid-February during periods of cowpea cultivation. Small numbers of the pest
were trapped in between these periods. However, most M. vitrata moths were trapped in
the second wave when Pterocarpus sp., an important alternate host common in forests and
along streams (Tamo, unpublished data), was flowering after cowpea harvest.

Discussion
Pesfs of DS cowpea
Lycaenids, foliage thrips, and aphids were the only pests that prevailed during the DS.
Afun et ai. (1991) and Alghali (199 la) also reported low insect pressure on cowpea grown
during the second half of the dry season in a fadama area in the Bida region, 450 km
southwest of Kano. Cowpea aphids and foliage thrips occurred throughout the year
because groundnut, cowpea, and other leguminous hosts were always available. Aphids
and thrips can be carried year round by prevailing winds over long distances, as
demonstrated by our sticky trap catches. In the DS, northeasterly harmauan winds carried
aphids from DS cowpea production areas in the Hadejia Wetlands, about 200 km NE of
Kano. In the WS, aphids were carried from areas south of Kano. Aphid infestation on DS
cowpea can be severe. In March 1993, we noticed widespread aphid infestations on
cowpea planted on soils with residual moisture in the Lake Chad basin (H. Bottenberg,
unpublished data). Lycaenids are the prominent lepidopteran pests during the DS. The
amount of economic damage attributable to lycaenids is not known. Sericothrips may
cause leaf chlorosis and distortion, but cowpea plants are normally able to outgrow this
damage. However, Sericothrips and C. impunis outbreaks have been reported on DS
cowpea in Bida rice fallows (Afun et al. 1991), and the former more recently in the
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Figure 3. Daily light trap catch (S-N) of Maruca vitrata moths (vertical bars) and daily rainfall
(mm) (doited line) in Cotonou (Republic of Benin), Kano (Nigeria), and Niamey (Niger) from
July 1993 to March 1995.

Hadejia wetlands (Hanssens 1993). Late-planted DS cowpea risks heavy infestation by
flower thrips that are carried by southwesterly winds in early May, as shown by our sticky
traps and field sampling. A varied complex of pentatomids, pyrrhocorids, and lygaeids
may invade the crop temporarily during flowering and early podding, but because they also
feed on extra-floral nectaries, the extent of pod damage is not clear.

Pests of WS cowpea
The major WS pests of cowpea are M. vitrata, flower thrips, and C. lomentosicollis. These
are also the pests that are most destructive to cowpea grain production because they feed on
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flowers and pods. M. vitrata is probably a migratory pest because: (1) it does not diapause
during the DS (Taylor 1967); (2) we did not find il associated with any alternate hosts or
cowpea during the DS in northern Nigeria; and (3) adult moths fly in at the onset of the
rainy season, when cowpea is still in the vegetative stage. Tamo (unpublished data) found
M. vitrata feeding on flowers of leguminous trees (Ptemcarpus sp. and Lonchocarpus sp.)
during the DS along streams and rivers as far north as Parakou in the Republic of Benin
and Abuja in Nigeria. It is also present in southeastern Nigeria throughout the dry season
(L.E.N. Jackai, unpublished). Atachi and Djihou (1994) found 22 host plants distributed in
eight families, of which 77% are leguminous. Although these authors considered M.
vitrata a polyphagous feeder, it is more likely an oligophagous insect. However, the
apparent scarcity of these hosts during the DS in northern Nigeria and/or unfavorable
climatic conditions limit the DS survival of M. vitrata to more southern regions.

Rainfall in Nigeria below latitude 9 °N (Bida) follows a bimoda! pattern: the first
season is from April to July, and the second is from September to November (Griffiths
1972). Earlier results from light trapping in Ibadan (Taylor 1967) showed that in
populations of M. vitrata, flight activity follows a bimodal pattern, corresponding to the
early and late planting season, with peaks in July and December. Akingbohungbe (1982)
also repotted two periods of peak activity of cowpea pests, including M. vitrata, at Ile-Ife
in southern Nigeria: from April to July and October to December. This bimodal population
pattern was confirmed by Alghali (I993b). who also found that larval counts are signifi-
cantly related to cumulative rainfall and number of rainy days but stressed that the even
distribution of rainfall over time is more crucial.

Very low infestation levels of M. vitrata (< 1 larvae/100 flowers) were found on DS
cowpea planted in the fadamas in Bida (Alghali 1991 a), suggesting that the northern limit
of DS survival coincides with the northern l imit of bimodal rainfall in Nigeria. Bimodal
rainfall may not have a direct impact on M. vitraia populations, but it probably dictates the
distribution of important host plants (such as Ptemcarpus sp. and Lonchocarpus sp.) in the
off-season. Maruca vitrata moths were never collected on our high-altitude sticky traps.
Therefore, the moths probably fly at lower altitudes within the surface boundary layer and
can, therefore, only make short flights. In contrast. Heliothis moths fly above the surface
boundary layer and are considered long-distance migrants (Farrow and Daly 1987).

Maruca vitrata populations probably move from south to north over a period of several
months or generations, following the northward progression of rainfall, cowpea planting,
and possibly the flowering pattern of leguminous trees. The farther noith, the later the
moths arrive; also, the fewer the generations that can be completed, the lower the
population buildup. Our light trap records from Niamey and Kano and field surveys from
Nguru and Minjibir give some credence to this hypothesis. M. vitrata does not survive the
DS in the north, even if cowpea is available in the fadamas, possibly because of some
unfavorable climatic conditions other than the absence of rain, such as temperature or
relative humidity. The upper and lower temperature thresholds for M. vitrata are 15.6 and
34 °C, respectively (Jackai and Inang 1992). In Kano, the minimum temperature during
December and January averages 13.0 °C; in May the maximum temperature is 38.0 °C
(FAO 1984). Relative humid i ty is lower during the DS and may also play a role.

Flower thrips are known to survive the DS in the southern Benin Republic on a wide
range of alternate hosts (Tamo et al. 1993). However, unfavorable temperature extremes
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in northern Nigeria may suppress populations of flower thrips during the DS. Temperatures
< 15 °C and > 35 °C severely reduce survival of all developmental stages of flower thrips
(Tamo 1991J. Alghali ( 1 9 9 l b ) attributed crashes in thrips populations to mean daily
temperatures of > 30 °C and scotophases of less lhan 18 h. Our sticky trap records show
that flower thrips can potentially cover large distances on prevailing winds and invade the
north around the end of May, when suddenly large populations of adult thrips show up in
DS cowpea fields. When the intertropical convergence zone (ITCZ) passes through
northern Nigeria from south to north, which normally occurs around April-May, wind
direction shifts from NE lo SW. Wind direction reverses to NE again around November
when the ITCZ moves southward (Griffiths 1972; Udo 1982; Grove 1989). The northward
movement of the ITCZ may explain the sudden influx of flower thrips in May.

Populations of Clavigralla tomeniosicollis were also very low on cowpea during the
DS, but they increased rapidly during the WS. Their pest status may also be related to
migratory movement from southern refugia and sensitivity to unfavorable climatic
conditions during the DS. Jackal and Inang (1992) reported temperature thresholds of 18.5
and 37 °C for C. tomeniosicollis. Our data on PSB are from a single location only and
should, therefore, be interpreted with caution.

Implications for pest management
Different pest management strategies are required for DS and WS cowpea, because DS
cowpea is exposed to a drastically reduced pest complex than WS cowpea. Also, DS
cowpea is grown in monocultures, while WS cowpea is grown in much lower densities in
mixtures with millet and/or sorghum. For DS cropping, varieties with aphid resistance
(Ansari et al. 1992; Ofuya 1993) and favorable agronomic traits will be important.
Insecticides may not be required because M. vilrafa is absent and flower thrips are of minor
importance. Alghali (1991 a) found that insecticides did not increase grain yield of cowpea
grown on fadamas during the DS in Bida.

Pest management is more complex in WS cowpea. To harvest an acceptable grain yield,
chemical insecticides are necessary to control flowering pests (Amatobi 1994, 1995).
However, chemical control for cowpea may not be feasible in traditional mixed row
systems because of (1) its low yield potential in such systems, and (2) difficulty in applying
insecticides to the lower-growing cowpea plants (Norman et al. 1982; Fischer et al. 1987;
Ampong-Nyarko et al. 1994). Mixed cropping may reduce cowpea aphids (H. Botlenberg,
unpublished data), thrips (Ezueh and Taylor 1984; Kyamanywa and Ampofo 1988; Alghali
1993a; Kyamanywa et al. 1993), and pod-sucking bugs (Alghali 1993a). It does not, in
general, reduce damage by M. vitrata (Ezueh and Taylor 1984; Gheti and Khaemba 1985;
H. Bottenberg, unpublished data), though there are contradictory reports from East Africa
for some crop combinations (Amoako-Atta et al. 1983; Karel 1993).

Cowpea fodder provides nutrition for farm animals during the DS, which in turn
provide milk and meat for human consumption (Norman et al. 1982). Fodder production is
not reduced by flower thrips and M. vitrala damage (Suh and Simbi 1983); it may, in fact,
be stimulated because photosynthates that would have been invested in flowers and pods
are used for foliage. Alghali (199la) found that fodder production was enhanced by not
applying insecticides. In traditional farming systems, grain and fodder varieties are planted
in relay with millet or sorghum. When pest attack is heavy and grain yield is minimized.
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fodder production for animal nutrition guarantees the supply of animal protein for the
human diet. Sustainable pest management for WS cowpea should, therefore, include
traditional varieties and farming practices. Variation in planting time in such cropping
systems could be further explored, as it may have some scope in avoiding M. vitrata attack
(Taylor 1967; Akingbohungbe 1982; Alghali 1993b). In northern Nigeria, planting early-
maturing cowpea in September (at the end of the rainy season, after harvest of the cereal
crop) could be a feasible option (Blade and Singh 1994). However, risk of lale-season
drought may limit the adoption of this practice.

DS cowpea has a high grain production potential because flowering pests are minor
and the crop can be planted in much higher densities than WS cowpea. In Nguru, the
average yield of cowpea in pure stand in the 1990-91 DS was 855 kg/ha (Hanssens 1993).
In a farmer-participatory trial in Minjibir during the 1993 DS, cowpea var. 89KD-941-1,
planted on residual moisture along an irrigation reservoir, averaged 691 kg/ha. These
yields compare very favorably with those obtained from mixed crops (25-60 kg/ha) in
farmers' fields or sole crops (150-250 kg/ha) on station (Blade and Singh 1994). The
major pest of DS cowpea is aphids, which can be easily controlled with resistant cultivars.
WS cowpea pests, particularly those that attack flowers and pods, are more difficult to
manage because resistant cultivars are still scarce, biological control is ineffective,
chemical control is often not economically viable, and cultural control is of limited value.
DS production for cowpea grain on residual moisture and on irrigated land should be
further studied and promoted.
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