
Africa are primarily for 'grain and fodder', 
the current breeding strategy is to develop 
two sets of dual-purpose varieties to t;'iit 

these regional preferences. This willalso 
eliminate tileneed for simultaneous selec-
tionfor leaf + grain + fodder yield, which 
is less efficient than selection for leaf + 
grain or grain + fodder. 
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Distribution and species composition of lepidopterous 
maize borers in southern Nigeria* 

N.A. Bosque-Perez and J. H.Mareck 
Entomologist and plant breeder, IITA, Ibadan, Nigeria 

Maize Is an Important source of food and feed In many parts of Africa. It Is the 
primary staple and a major source of calories for half the population of sub-Saharan 
Africa. Past research-such as the study reported here-has shown lepidopterous 
stem borers to be Important Insect pests on the crop, causing major yield losses, 
especially on late-planted or 'second-season' maize. Based on the data gathered, 
a control strategy is being developed that will integrate host plant resistance with 
biological control agents and improved agronomic practices. 

Introduction 
Stem borers are among the economically 
most important pests of maize in Africa. 
Four borers cause significant yield loss: 

the maize stalk borer. Busseola f.isca 
Fuller (Lepidoptera: Nocluidae); the pink 
stalk bor'r, Sesania calawistis liannpson 
(Lepidoplera: Noctuidae); the African sugar 
cane borer. saccharina WalkerElhhdot 
(L,.pidoptera: Pyralidae); and the spotted 
stalk borer, Chilo partellus Swinhoe 
(Lepidoptera: Pyralidae) (Bowden 1954: 
Harris 1962; Appert 1970; Breni~re 1971; 

197 1).Estimated yield losses caused by 
maize borers in Nigeria range from 10 to 
I(X)'/ (Usua 1968a). 

A large proportion of maize inWest 
Africa is grown in the forest zone. The 
rainy season in this lasts 6 -9 monthszone 
(March it)November); in some regiols the 
rains are bilnodal, interrupted by a short. 
unreliable 'August break'. The August 
break divides the rainy season into 'first' 
and 'second' seasons. Maize planted at the 
beginning of the rains is called first season 

Girl ing 1978). Feeding by borer larvae ionmaize, and maize planted after the August 
maize plants usually results in crop losses, 
as a consequence of death of the growing 
point (deadhearts), early leaf senescence, 
reduced translocation, lodging, and direct 
damage to the ears (Appert 1970); Brenitre 

break is referred tolas second season maize. 
Maize stem borers are farmoreabundant it, 
the second than in the first season, ,nd the 
second crop is sometimes acomplete loss 
(Adeyemi eli.1966; Girling 1980). Con-

originally published in Bulletin* Slightly adapted frot an article ofOntmol,'i1a0 R!'seorch 
80: 363-368 (1990). Reproduced by pertission of C-A-B International. 
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sequently, many f(tmiers in the himodal 
rainfall
zone of West Africa do not plant 
second season maize (Tans and Bowden 

I953; IITA 1976). 
The objectives of this study were to 

monitor natural infestations of maize bor
ers during the second planting season, and 
it)delenine the distribution and relative 
importance ofthe different borerspecies in 
several locations in southern Nigeria. This 
infomation is aprerequisite for the devel
opment of an intgraled pest management 
program for these insects. 

Materials and Methods 
Experiments were conducted during the 
second planting season at four locations in 
soutlheastern Nigeria in 1985, and attwo 
locations insouthwestern Nigeria in 1986. 
In 1985, trials were planted the first week 
of August atthe following locations: the 
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high rainfall station of the Intemationa 
Institute of Tropical Agricuilture (IITA) at 
Onne near Port Harcourt. Rivers state; the 
National Cereals Research Institute Sta-
tion at Amakama near Umuahia, Imo state; 
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dissected, and the number of borer larvae 
and pupae per plant determined. The borer 
species were identified by the senior au-
thor, following the keys by Tams and 
Bowden (1952), Brenire (1976), and 
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Figure 1. Locations In Nigeria where trials were carrled out. 

a farmers' field in Sapele, Bendel state; 
and the Diocesan and Development Ser-
vices Research Farm at Idah, Benue state 
(Fig. 1).These locations were chosen to 
represent a wide area withir southeastern 
Nigeria, including forest zone locations 
and a forest-savanna transitional zone lo-
cation (Idah). Two maize hybrids, 8341-6 
and 8338-I ,were planted in fifty 5-m rows 
each at all four locations. The former hy-
brid matures earlierthan thelatter. In 1986, 
trials were planted the second week of 
August in a farmers' field at Alabata and at 
the IITA main station, Ibadan, both in Oyo 
state. Twenty-five 5-m rows of the early-
maturingopen-pollinated varietyTZESR-
W were planted at each location. An early-
maturing variety was chosen for the 1986 
trial because these two locations have a 
shortergrowing season than the 1985 sites. 
All plantings had a spacing of 75 cm be-
tween rows and 25 cm between plants. 
Two seeds per hill were planted, and the 
stand was thinned to one plant per hill 2 
weeks after emergence. Fertilizer was ap-
plied: 300 kg ha-i of NPK (15-15-15) at 
planting, and 170 kg ha- t of calcium am-
monitim nitrate 4 weeks after planting. 
Twenty-five plants per variety per location 
were randomly sampled every 2 weeks, 
Plants were brought into the laboratory, 

Staeubli (1977). The number of damaged 
plants was recorded and when ears were 
present, the number of damaged ears and 
the number of larvae per ear were also 
recorded. In 1986, the number ofMussidia 
nigrivenella Ragonot ('Lepidoptera; 
Pyralidae) eggs was also counted. The ex-
tentof borerdamage oneach sampling date 
in 1986 was assessed by examining the 
dissected plants forpresence of borerdam-
age (as done in 1985) and by additionally 
counting in the entire field the plants that 
showed extemal signs ofdamage 

Results 

1985 Trials 
There were marked differences in the inci-
dence and severity of stem borer attack 
among locations in 1985 (Figs. 2 and 3). 
The peak of oviposition by S. calainstis 
occurred slightly earlier in Umuahia than 
in Onne. Four weeks after planting, the 
percentage of plants with borer damage 
(Fig. 2) and the number of larvae per 25 
plants were higher at Umuahia. Infesta-
tions at Sap'!le and Idah started later, and 4 
weeksafterplantingthe percentageofplants 
with borer damage here was lower than at 
the other two locations. Infestation in-

creased sharply at Onne, with over 80% of 
the plants showing borer damage 6 weeks 
after planting, compared to 50% at Umua
hia, 22% at Sapele, and Il% at ldah (Fig. 
2). S.calanmistiswas the dominant species 
in all locations up to 8 weeks after planting. 
E. saccharina was first found at Onne at 
this time, and by the end of the season it 
was the most abundant species at all loca
tions except Umuahia, where S.calamistis 
comprised over 501 of the larvae found 
(Fig. 3). 

By harvest time, almost 100% of the 
sampled at all locations had some 

borer damage (Fig. 2). Numbers of larvae 
were higbei at Sapele and Onne (up to five 
larvae per plant) than at Idah or Uruahia 

to two larvae per plant). The mean 
number of larvae per plant was greatest on 
hybrid 8341-6 (Fig. 3). The distribution of 

saccharina larvae within the plants was 
similarat all locations, with themajorityof 

found in the stems (Tble 1).At 
Sapelt and UmLahia, the majority of S. 
calanistis occurred in the stem; at Idah, 

most of the larvae were found in 
the ears. B. ficwa was found only at Idah, 
where it constituted 2% of the population 
II weeks after planting.Cryptopltlehiasp. 
(Lepidoptera: Oleihreutidae) was found at 
Onne. Idah. and Umuahia, while Coniesta 
(=Acigona) ignefusalis (Hampson) (Lepi
doptera: Pyralidae) was found at all ioca
tions. Thesetwospeciesconstitutedarela
tively minor proportion of the borer popu
lation (Fig. 3). 

AtSapeleandOnne, alltheearsshowed 
damage. The mean number of larvae per 
ear was highest at Sapele (up to four larvae 
per ear) and lowest at ldah and Umuahia 
(up to one per ear); E. saccharina was the 
predominant borer in the ears at all loca
tions except Umuahia (Table 2). M. 
nigrivenela, a preharvest pest of maize, 
which infests the ears and continues devel
oping in storage (Moyal 1988), was found 
at all locations. It was especially abundant 
in Sapele, but at this location it was present 
only in hybrid 8341-6 (Fig. 3). 

1986 Trials 
The percentage of plants with borer dam
age was higher at Alabata than at IITA. 
Ibadan, at 3 and 5 weeks after planting but 
from 7 weeks after planting onward the 
percentage of maize plants with borer 
damage was lower at Alabata (Fig. 4). By 
harvest time, borer damage was observed 
on 80% of the plants sampled at Alabata, 
and on 92% at Ibadan (Fig. 4). The infesta
tion with S. calanistis began earlier and 
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Plants with borer damage (%) E.%,u(Ihiimil %ks isrdeftld illbithl
 
locatioIs ,cukss [lie100 	 - 9 at'elpIlling, bill

Idah in idcnlcL a igl.r ii
of thin pest 5,.is alsv ti 
0 8341-6 liT\. tbslaj. As in I18.. thetality (it

A0 	
\ 3. .' i i1 '. 'baiol iAlNl l s t Lr i nih f0 8338 -1 

',,;llIsI V. ,Nec('hdl hl4
(Tlable 3). Up1 ,os.ix 

lardaeper plant %c'rcounl tIweeksa,d~lplaiting 1t Ibadan. ifehighest
t)LLt- IA, 


betfound at any location ill I985 or 1980.
Sapeie ..M, l.u ils the predoulinanl cir 

borer atlAahata tron I I weeks afler plant
ingonward.,stile M. nig ienis w most 

:tlhundal;l1lIT. ]bldanl (Tabhle 4). At 

0 r-- _ _, _ _, 	 , IITA. Ibadani. 4.,; of the ears were ftond 
100 	 to be infeset \ittAM.nit'iven'lhi eggs or 

Umuahla 	 II larvae 15 \ceks afterplanting: 841/ olthe 
100'[i--i 
 eggs were found attatllcd tie silks. 

[-- II I 	 iiscussion 

Kaulmann ( IITA 1981) described S. 
0 - oriented spe,hmnisli.u 	 as a ititi ist-area 

-oes' donant insoutheastern Nigeria. i;10 

F Onne 	 fContrast to E ..ovmhorehi referred to as i 
dry area oriented species* dottmitantt in the 

western part ot the country,and observed 
thatthiswas a "defilile pittern intthe 

-- distribution ol'suetlborers of mize".Our 
1 211 12 fitliSdid not con firmt thisalleged distribulion pattern. K;tuffmtan's report was 

Weeks after planting 	 based on saminplingsilIolv one(iloCi(u ill 

Figure 2. Percentage of plants of two maize hybrids with borer damage at four easler Nigeria (niualihia ttmuidikC).or ( A
 
locations in southeastern Nigeria, 1985. more detailed sampling regime, which
 

incidecd several locations it southeastern
 
was higter alAlahata that; lITA.ibadan. 	 Nigeria. demonstrated the importancc ofe 
but laler itt tte seasoit tite incidence of this F.sachuIuoiai this species Was ttte dotutl-

Number of larvae insect was similar at both locations Fig. nitt tntai/e orerat the limeotiarvestatal.ll 
160 8338-1 KNA. ignefusalis 5). From 9 weeks aflter 'ianting onward, sites we sampled iiu1985 except ltiahia 

M]Cryptophlebia sp. tie nean number ot borer larvi.-per plat (Tiable 2).The reasons for life viruala -L1M. nigrivenella

120 E. saccharina was higherat IITA. Ibadan than at Alahata. senceofl'.occhria n tiah ik(aI
i-or allTA 

- S. calam stis 

80- _ 3 I Others 	 Table 1. Distribution of Sesamia calamistis and Eldana saccharina larvae in the
 
plant and percentage of ears with larvae in two maize hybrids in southeastern
 
Nigeria, 1985.
 

i'erccnltitee otf l'.ercelageof 'ercenttag of' 
0;Ir_'_i 
 c iII steniI larvae int ars ears rwilh larvae
 

160 8341-6 
 location, 

ald hybrid S.ceilant. Nuauh. . Nuuht. I..suh.LE. S.caluii IE. S. '/unit. 
120 - Sapele 

8338-1 8) 77 20 23 I0 2))
 
8341-6 40 51 60 5)) 1 52 

40 - = I 33-1 40 64 6) 36 00 9) 
i 8341-6 72 84 28 16 67 89 

0
 
Onne Sapele Idah Umuahia 1338-1 14 76 86 24 22 30 

Location 8341-6 43 57 57 43 It) 4I 

t tiuahia 
Figure 3. Species and number of lepi- 8338-1 61 8) 39 2) 22 2 
dopterous larvae per 25 plants in two 8431-6 69 1l0 31 t 44 0 
maize hybrids sampled 12 weeks after 
planting, southeastern Nigeria, 1985. t. Sampling 12 weeks alter planting. except at litah(III eeks). 
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Plants with borer damage (%) 1985) are not clear (Table 2). Absence of 
1 I alternate hosts and/or microc inntic dit

feretrees might be responsibtle; ttris aspect
] Sampling /Dissection r--- 7 I deserves fluther investigation.

100 Ovabal filicdec 

At IlA. WhitneV (1970) found larvae 

000'B Fisc .-- - 1/:to comprise 4511 oftre la:l[--1 	 popul:ationiln ttrF 	 the stenis ofinaize plants 

0 I the end ofthe first
planting season, while 

IITA, Ibadan :00 	 - E. sac/wrinacotmprisedi 14% and Sesamiaspp. 814,. Usua ( 19681b ) carried out saM1

plings in Nosember-December 1964 and 
__da--J found 1B.fitsca to be the predominant pest 

ofniaize in the raitniorest of so,.thwestern 
Niera At lie-- htfsl t b,bdn 	 fon 

Of ithe most abundant borer of ntaize from1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Septemberlto Novecmber 1964 and in Sep-

Weeks afterplant',ig 
 tember of 1965 (Usua 1968)). This is in 
Figure 4. Percentage of maize plants with borer damage at two locations In markedcontrast withourfindingssincewe 
southwestern NIgcrla, 1986. observed S.talani.s is and 1:. suactarina 

Table 2. Mean number of larvae per ear and borer species composition in two 	 to be the predominart maize borers at both 

maize hybrids in southeastern Nigeria, 1985. 	 lbadan (in September) and Alabata (in
 
November). In our samplings, '.
 

i l
Species cormpsit r sic4harnira was especially abiudant at
 
I.4cdti Mtean nI. - , IITA. lbadan wilh up to six larvae perplant
 

('r4plh/rlchia 	 ptlieand hyvbridIlarvae/ear E.. ,4'r.5.r/amr. At. ,friv'llt Others- endoflhe growingscason.Theuseof 

sp. minitium illage and growing three crops 
Sapele of ttaize per year inight hrelp explain the
 

8338-I 0.5 71 30 0 0 0 high incidence olthis insect at IITA.lbadan.
 
8341 -6 3.) 27 8 o4 0 1 E.. tlharO/ is known Iosurvive well in
 

Orrie maize stubble (Adever i 1969). The abun
8338-1 3.I 48 39 I 7 6 dance of E.sacchai at IITA had presvi
8341-6 2.8 40 28 16 16 0 ously been ,eporled III'A 19801. We did 

Idahl 	 rot find 13./it'a at IITA, lbadan,w hileat 
8338-I 11.9 46 25 21 8 (
 
8341-6 1.2 55 24 18 0 3
 

Unrrualra Number oflarvae
 
8338-1 0.8 4 44 37 15 0 160- Alabaia
 
8341-6 1.) 0 53 3 10 343 0 B.fusca
 

r- 13 M. nigrivenella 
1.Sarpling12 sAeeks alter planting. except atIdah IIweeks). 	 120- f E.saccharina 
2. Includes .t'(,ronriyrrJhi. ili rd t a. 	 S. calamistisIlomrnr lr 
3.Some tarsre dead at time of examilntitr,idteification notcenrain. 	 80 -

Table 3.Distribution of E. saccharina and S. calamistis larvae In maize plants, and I
percentage of ears with larvae in two locations In southwestern Nigeria, 1986. 40t 

P'ercerrrnra of Percerrrage or" penelrtage of 
larvaein sterr tars aeit cars ears with larvae 0 , - [..

iL rcation
andrh%Irrid rlrrr.in 5. r rlrrr(. 4/4 E.rrrrir. 160- IITA, IbadanS.1r . . .444hr. E .%it(It .rwrr/rn. 

9 W\ II 120H 
IITA. Iladal 66 94 33 6 8 12 
Alabala 5(0 50 50 50 1I0 if 

80It 	WAI' 
IITA. lbadan 14 79 86 21 2(1 52 -] 

Alabata 51 77 51 23 8 16 40 

13 WAP 

[ITA. Ibadan 80 74 21 26 8 24 0 , , ,i 

Alabata 51 38 50 62 4 32 3 5 7 9 11 13 15 
Weeks after planting

15WAIP 
IlTA. Ibadan 0 97 100 3 44 Figure 5. Species and number of lepl-

Alabata IIW 70 O 3(1 16 dopterous larvae per 25 maize plants at 
two locations In southwestern Nigeria,

I.WAI' = Weeks after planting. 	 1986. 
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Table 4. Mean number of borers per ear and species composition In maize planted Nigeria anid prompted further investiga-
In two locations In southwestern Nigeria, 1986. tions on the impact of'sone oftthese insects 

Species composition (114Ion the yiold of maize. 'Iheresults of these 
Sampling date Mean ne 
and location larvae/ear E. s-,htrina 

9 WAP1 

IITA. lbadan 0.5 25 
Alabata2 

0.3 28.6 
11	WAP 

IITA, lbadan3 1.6 78 
Alabata 0.4 56 

13 WAP 
IITA, lbadan 1.0 32 
Alabata 0.8 85 

15WAP 
IITA.lbadan 3.0 1 

Aiabaa (0.5 62 

1.WAP = Weeks after planting.
2. Iiic.scohl]fi.cu constituted t14',iof larvae found.3. Brcprophlhi sp. constituted 2%of larvae found. 

Alabata this insect was found only at 9 and 
1Iweeks after planting and even then it 
constituted only 29 and 3"4 of the borer 
population, respectively. Ilarris (1962) re-
portedS. calwnistis tobeabundantat lbadan 
and indicated E. scchwrin might occa-
sionally be the most common stem borer of 
maize at the end of the growing season. In 
Ghanta. Leyenaar and Hunter (1977) re-
ported Sesn tiaspp. and E.souharina as 
the most damaging pests of maize inthe 
forest zone, and B. jitsca as the most 
abundant borerin the savanna zone. Similar 
distribution ofborers has been reported by 
Cochereau (1985) in Cote d'ivoire. 

The two methods used to assess the 
percentage of maize plants with borer 
damage in 1986 were compared. in gen-
eral, plant dissection permitted tiledetec-
ion of stem borer damage inalargerhum-


berof samples than counting the numberof 
plants with external signs of damage (Fig. 
4).,At lbadan, the difference in the number 
(fdamaged plants detected byeach method 

was more marked early in tile season (Fig. 
4). This is probably because stein borers 
like S.c'alamistis (the predominant species 
early in tie season in our studies) might be 
damaging plants without leaving extermal 
signs of damage. Later in tileseason, the 
percentage of plants with borer damage 
detected is very similarusingeithermethod. 
This is probably because at that time E. 
sa/ccmarinaisthe most abundant stem borer 
and its presence is easy to detect by time 
frass hanging from tie adult exit holes in
the stein. The results obtained with either 
method would be affect-d by,atnong other 
factors, the little of asst::;sment during the 
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c slter 	 inve.tigations are reported elsewhere 
S. 	 JlanjistisM. nirivella (Bosque Pinrzand Mareck, in press). Thereis a need to develop control practices for 

the major maize stem borers iii WVest Af
17 58 rica. IITA has been in%olved in 'Jeveloping
28.6 28.6 sources of resistance to S. calboixsi.sand 

E. sa-harina (Bosque-P'rez etal. 1989);
15 5 we believe resistance could be combined 
33 I1 with other control practices to reduce the 

economic !osses experienced by maize 
8 60 fanners. 
15 0 
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Effect of hedgerow species in alley cropping systems 
on surface soil physical properties of an Oxic Paleustalf 
in southwestern Nigeria* 

N.R. "Iulugalle, and B. T. Kang 
Soil scientists, IITA, Ibadan, Nigeria. 

Introduction 
Shiftingcultivationandrelatedbushfallow 
and slash-and-burn cultivation systems 
(I-3 years cropping alternating with 4-10 
years of fallow) continue to be widely 
practiced by smallholder farmers in the 
humid tropics of Africa (Lagemann 1977; 
FAO 1978). Rapid population growth has, 
however, resulted in shortening of the fal-
low period in many areas, with a conse-
quent increase in soil degradation and de-

* Slightly adapted from an a:ticle originally published in Journal of Agricultural Science 

(Cambridge.UK) 114:301-307 (1990). ReproducedbypermissionofCambridgeUniversity 
Press. 

I. Present address: tITA humid forest station, Mbalmayo, Cameroon. 

Sustaining the production base of farming, as well as Increasing Its productivity, 
Involves a study of soil properties in relation to cropping practices/system3. Alley 
cropping, or the growing of tree crops In hedgerows with annual or seasonal food 
crops, has shovn multiple benefits. This article, which reports the long-term 
effects of growing four tree species (two leguminous and two nonleguminous) on 
physical properties of the surrounding soil, finds those effects related to the 
quantity and quality of mulch specific to each tree species. Itforms part of IITA's 
many studies on the role of alley cropping In Improving agriculture in tropical 
Africa. 

cline in crop yield (Lagemann 1977; FAO 
1978). Alley cropping has been proposed 
as an alternative to shifting cultivation, to 
sustain crop production and reduce soil 
degradation (Kanget al.1984, 1990). Al-
icy cropping is the growing of food crops 
in alleys formed by hedgerows of trees or 
shrubs, preferably N-fixing leguminous 
species, that are pruned during the crop 
growing season tominimize shading of the 

food crops. The prunings are used as 
mulch or incorporated as green manure 
(Kang etal.1981, 1984, iN5, 1990). 

Alleycropping results in improvements 
in soil chemical properties and nutrient 
cycling, erosion control, and weed sup
pression, in addition to providing fodder, 
stakes, and firewood (Kang et al. 1981, 
1984,1985, 1990;KangandGhuman 1989; 
Mwenye 1984; Yamoahetal. 1986; Young 
1986, 1987; Lal 1988). Information is 
sparse on the effects of alley cropping on 
soil physical properties, particularly with 
respect to the effec: of hedgerow species. 
Results from a few studies conducted in 
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