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lnsect pests encountered in a citrus orchard in Nigeria. 
Abstract - Introduction. The lack of good horticulcural practices \Nhich m inimises pest 
and d isease attack and ensures vigorous plant growth is believec! to contribute to ci trus 
decline in many parts of Nigeria. A study was therefore unclertaken to investigate the contri­
butio n of insect pests to this citrus tree Joss. Materials and methods . Three citrus plots 
with d ie-back problems, located in an orcharcl in Nigeria, were stucliecl: a progeny garden 
with diverse citrus types, a sweet o range variety trial and rwo rootstock trials. Leaves, twigs 
and fruits were samplecl for insect pest infestation from ranclomly selected citrus trees. Ter­
mite infestation level was ra ted basec! on the extent ,vith live termite galleries and the num­
ber of frui ts clroppecl beneath a tree was notec!. Results . Important insect pests were identi­
fied as te rmites, leaf miners, scale insects , and fru it flies . Termites and scale insects 
significantly contributed to the d ie-back of citrus plants. The sweet orange variety Washing­
ton navel was most susceptible to insect pest attack. The incidence of fruit fly was 
w idespread and caused damage to marketable citrus frui ts. In the rootstock trials, Rough 
lemon rootstocks was highly attacked by termites, especially those budded with Lake tan­
gelo. Discussion. Termites and scale insects are likely to concribute to quicker decline in 
some citrus varieties than in others as shmvn by the high susceptibility of Washington navel 
to pest attacks. Such cases may be aggravated by the use of a rootstocks unsuitable for an 
area which are constantly under high d isease and pest pressure. (© Elsevier, Paris) 
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Insectes nuisibles observés dans un verger d'agrumes au Nigéria. 
Résumé - Introduction. Le manque de pratiques horticole adéquates aptes à limiter les 
dégâcs occasionnés par des insectes nuisibles et autres maladies et à assurer une croissance 
vigoureuse des arbres aurait contribué à la d isparition d 'agrumes clans plusieurs régions du 
Nigéria. Une étude a donc été entreprise pour identifier le rôle des insectes clans cette des­
truction des arbres. Matériel et méthodes. Trois parcelles d 'agrumes localisées clans un ver­
ger du Nigéria e t présentant des problèmes de dépérissement one été é tudiées : une pépi­
nière consticuée de d ivers types d 'agrumes, une expérimencacion testant d ifférentes variétés 
d 'orangers et une autre restant d ifférents porte-greffes. Les feuilles, rameaux et fruits d'arbres 
cho isis au ha za rcl ont été échantillo nnés afin d 'éva luer leu r degré d 'infestation par des 
insectes. L'attaque par les termites a été évaluée à partir d 'une échelle de notation basée sur 
l'étendue des gale ries observées, e t le nombre de fru its tombés a été no té . Résultats . Les 
principaux insectes nuisibles identifiés ont été les termites, les chenilles mineuses de feuilles, 
les cochenilles et les mouches de fruics. Les termites et les cochenilles se sont avérées contri­
buer significativement au dépérisse ment des agrumes. L'oranger Washington navel a é té le 
plus sensible aux attaques des insecces nuisibles. Les mouches de frui ts, très répandues, ont 
causé des dégâts aux fruits comme rcialisables. Dans les essais de portes-greffes, Rough 
Lemon a é té très attaqué par les te rm ites, surtout lorsq ue greffé avec la varieté « Lake tan­
gelo "· Discussion. Au Nigéria , les te rmites et les cochenilles ont probablement contribué 
au dépérissement de certaines varié tés d 'agrumes plus qu ·à d 'autres, comme en témoignerait 
la grande sensibilité aux attaques des nuisibles, observée pour l'oranger Washington navel. 
Cette situation a pu être aggravée par l'utilisation cle porte-greffes inadéquats clans un envi­
ronnement soumis à une forte pression parasitaire. (© Elsevier, Paris) 
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1. introduction 

Citrus is o ne o f the most w ic.lely grown 
v itam in-rich fruit c rops in Nigeri a. I r is 
consumed fresh , as juice, o r in confec­
tionery and marmalac.le. Production statis­
t ics o n thi s useful crop have not been 
upc.la tec.l over so man y yea rs in N iger ia 
d ue to c.l,v inc.lling research activities on it. 
About a c.lecac.le ago, production was esti­
matec.l at 25 000 t a year fro m 2 500 ha 
[ll. H owever, funding has been increasec.l 
in recent years for citrus research ,v ith the 
aim o f significantly increasing production. 
Tn m any parts o f Nigeria, citrus orchards 
have been experienci ng serio us decl ine 
due to pests and c.l iseases. Such problems 
are sometimes accentuatec.l by nu tri tional 
deficiencies and oie! age of the plants. 
Preliminary stuc.lies in some parts of Nige­
r ia showec.l the i nvo lvement o f severa l 
insect pests and c.liseases in c itrus dam­
age, o f w hich economica lly important 
insects inclue.le termites, sca le insects, leaf 
miner, fruit p iercing moths, fruit flies and 
aphic.ls [l , 2]. 

In Nigeria , there are va ria t io ns in the 
ab unc.lance of insects in relatio n to citrus 
pheno logy . Generall y , the lea f feeders 
such as the lea f miners , Papilio demod­
outs, and grass hoppers flu ctuate from 
high in the wet season (June- October) , 
when new flushes are abundant, to lo w 
in the dry season (November to the fol­
lowing May). J-Iowever, in the study area, 
w hich is located in the humic.l Fo rest vege­
tative zone of southwestern Nigeria (max­
imum annual rain fall of 1 800 mm) , the 
rainy seaso n starts earl ier. Prior to the 
ra iny season , sporac.lic off-season rains 
also contribute to the production o f new 
flushes. Therefore, attack by leaf feeclers 
persists c.luring the year. Herbi vores such 
as grass hoppers Zo!locerus uariegatus L. , 
which are po lyphagous and highly clam­
aging in the clry season to cassava crop­
ping systems (predominant in the area), 
also am1ck citrus at the same periocl . 
Grass hoppers, lea f miners and P demod­
oc11s are o ften mo re important as pests of 
young citrus transplants ancl nurseries 
througho ut the year. 
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Fruit feec.lers are more abunclant c.luring 
early and late bloom ing/ fruiting periods. 
H owever, it shoulc.l he recognised that the 
abundance and damage b y citrus insect 
pests vary from one year to another and 
are more or Jess re latecl to changes in cli­
matic condi tions ,vhich are not stable in 
the tropics. 

Termites (Isoptera) can attack citr us 
fro m seedl ing to mature stages usually 
une.Ier cover of foraging gal leries recog­
nised externally by soi! sheets tha t cover 
the attacked parts [3 , 4] . A ttack is often 
enhancecl by low p lant vigour causec.l by 
other pest and disease damage as wel l as 
nutritio nal deficiencies [5]. I n a su rvey in 
c itrus proclucing areas in Nigeria, the 
autho rs observed that termite damage 
was also associatec.l w ith trees infectecl by 
the foot anc.l brown rot gummosis. T he 
later observa tio n w as therefore investi­
gated in the present stucly. 

Sca le i nsects (H o m o p tera: Coccidae) 
are worlcl-wic.le know n to be serious pests 
of citrus. They persist throughout the year 
due to their multivoltinity (several genera­
tio ns per annurn) [6], although they are 
o ften mo re abunclant in the rainy season. 
They feecl on leaves, twigs, and fruits and 
their damage often leads to morphologi­
cal deform ation o r cleath of the affected 
part o r of the entire p lant. 

The c itrus leaf miner (Lepidoptera: 
Phy llocnistidae) is another group o f 
insects i ncreasingly becom ing of eco­
nomic impo rtance in citru s orcharcls in 
rnany parts of the world [7] including 
Nigeria. Damage is causecl b y their larvae 
w hich clestroy the acl ax ial and abax ial 
surfaces of newly formed leaves by rnak­
ing serpentine tunnels callecl m ines. D am­
age at ad vancecl stage is also charac­
terisecl by twisted and mal formed leaves 
w hich m ay drop p rematu rely [8]. Leaf 
miners also u ndergo several generations 
per yea r, and are thus present in citrus 
througho u t the year under favourable 
conditions. 

Attack by the fru it pierc ing insects are 
amo ng the direct causes o f frui t losses in 
c itrus production. A ltho ugh they do not 
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cause die-back in citrus, up to 70% of set 
fruits ma y be lost to the combined attack 
of these insects [2] during severe infesta­
tion. The mediterranea n fruit fly Ceratitis 
capitata Wiedmann, for example, is a 
major agricultural pest in many countries 
o f the worlcl [9 , 10]. Female flie s pierce 
fruits to lay their eggs. The emerging lar­
vae then feed on fruit pulp, thus rende r­
ing the latte r und es irable. Fruit pie rcing 
moths are principally noted for causing 
premature fruit drop due to their piercing 
action. The va ri o us damages by fruit 
piercing insec ts render fruits unmar­
ketable and preclispose fruits to entry by 
rot-causing fungi. The lack of aclequate 
citrus maintenance culture and non-appli­
cation of contrai measures against pests 
and cliseases by most of the growers may 
have contributed to yield losses and the 
continu o us citrus decline observed in 
Nigeria. 

A recent survey in established orchards 
of Nigeria showed that the most impor­
tant and commonly observed diseases 
includecl: 

- the viral diseases tri steza (quick 
decline) transmitted by a vec tor aphid 
( Toxoptera citricidus Ki lkaldy) and citrus 
greening transmitted by citrus psyllid vec­
tors (Trioza e1ytreae del Guercio , and 
Diaphorina ci/ri Kuwayana), budding and 
grafting; 

- the fungal diseases foot rot and 
brown rot gumrnosis caused by Phytoph­
thora citrophthora and P. parasitica, and 
Rubellosis disease caused by a fungi Cor­
ticium salmonicolor (Umeh et al., unpu­
bished); these diseases have been previ­
ously reported by other authors in earlier 
studies [1 , 11]. 

High pest damage often results in die­
back of infested citrus plants. With a com­
plex mixture of pest and disease species 
and its associated high population den­
sity, the pressure on plants are often so 
high that die-back may progress at a fa st 
rate leading to the eventual death of the 
plant [l] 

None previous work being available in 
the literature on the re lationship between 
citrus varieties or rootstocks and major 

insect pest damage in Nige ria , the present 
s tud y aimed specifically at id entifying 
insect pest species of economic impor­
tance to citrus, and the relationship 
between the ir infesta ti on levels and die­
back. The most cultivated citrus varieties 
and rootstocks commonly used in the 
country were conside red . However, the 
relationship bet,veen root rot di sease 
(gummosis) and termite damage was also 
investigated in the light of mixed attacks 
(gummos is/te rmite) often observed and 
the resultant citrus decline. Based on a 
nation-wide survey conducted in 1994, by 
the authors , in the Nigeria citrus produc­
ing areas, the major insect pests were 
found to be distributed ail over the nation 
at varying incidence levels . Therefore , a 
citrus orchard, belonging to the National 
Horticultural Research Institute (NU-IORT) 
and located nearby Ibadan in the humid 
forest vegetative zone of south weste rn 
Nige ria , was usecl for the stud y. The 
orchard, constituted with the major vari­
eties and rootstocks planted in the country, 
was made up of various trials with die­
back problems, inclucling a progeny gar­
den with diverse citrus types, a sweet 
orange variety trial and two rootstock trials. 

2. materials and methods 

2.1. insect pests in citrus progeny 
garden 

Solid blocks of ten citrus types 'Nere 
used for the study and included the sweet 
oranges: Agege-1, King orange, Parson 
Brown, Valencia and Washington nave l; 
the tangelos: Lake and Minneola; and 
mandarin , Rough lernon and Duncan 
grapefruit. 

Stratified random sampling ,vas 
applied to each solid block made up of a 
citrus type and divided into six equal por­
tions. In each portion, one citrus tree was 
randomly sampled , and thus totalling six 
sampled trees per citrus type. Each citrus 
tree was considerecl as a sampling unit on 
which insec t pest species and damage 
was assessed as described below. 
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2.1.1. citrus infestation 
and damage in the progeny garden 

The leve ls o f infesta ti o n of leaves, 
t,vigs and fruit s by insect pests we re 
assessecl between Jan uary and February 
1995, w he n mature fruit s ,ve re abun­
clant ly present and insect attac ks o n 
leaves were st ill w icl espreacl due to new 
flu shes . Such a periocl couic! allow to 
obse rve the diverse species of citrus pests 
at the same ti me. 

Each sa mplecl tree was cli vicl ecl into a 
lower and uppe r ca nop y (within a clea r 
visible limit). 

A lea f in each o f fi ve po ints along the 
circumfe re nces of the two portions we re 
sa mpl e cl , thu s to ta lling 10 sa mple cl 
leaves/ tree . In fes tati o n leve ls o f each 
insect spec ies was ratecl accorcling to the 
numbe r o f leaves infes tecl pe r tree fro m 
the to tal. At each sa mpling po int , obse r­
va ti o n was macle o n th e branch o r tw ig 
supporting the samplecl lea f for the inci­
dence of di e-back and was scorecl (with a 
max imum infesta ti o n leve l o f 10) as 
above. 

Damage ca usecl by fruit fli es and fruit 
piercing moths was assessed by harvest­
ing o ne ma ture fruit fro m each o f fi ve 
po in ts in the two portions of the cliviclecl 
canopy, and observing clissectecl sect ions 
of these fruits with a hand lens in the la b­
o ra tory. Deve lopmental stages of fruit 
fli es we re rea re cl to adult by keep ing 
maggot-infestecl fruit s in cages. Fruit fl y 
infes tatio n leve l was thus score cl fro m a 
total of 10 points . Since infestati on leve ls 
we re scorecl hasecl o n the number of 
d arnagecl fruits o bse rved in the te n 
points , traps baitecl w ith trimecllure tracli­
tio nall y usecl in fruit fl y po pulati on stucl­
ies we re no t usecl. Vis its we re macle to 
the o rcharcl at clu sk, w hen infesta ti o ns 
usuall y occur, to confirm th e icl e ntity of 
fruit pie rcing moths. 

Leve ls o f fruit drop we re scorecl by 
co unting the numhe r of fallen fruit s 
uncle rnea th each sa mpl ecl tree and we re 
ratecl as follows: none : O; 1-10: l ; 11-20 : 
2; 21-30: 3; 31-40 4; > 40 5. The.se fruits 
we re inspec ted for the presence of 
insects. 
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2.1.2. assessment of termite infestation 
and damage 

Te rmite infestation level was basecl on 
observing the extent of active ga llery cov­
e rage of the trees or ramification of active 
ga lle ries o n the trees . Ga lleries we re 
openecl at cliffe rent points on the trees to 
identify the te rmite spec ies and damage 
clone . 

Fo r te rmites th at d o not bui lcl tree 
mounds (e .g ., 111acrotennes and Coptoter­
mes species), infesta ti o n leve l was rated 
per tree as follows: no vis ible attack: O; 
presence of ga lleries in the trunk base: 1; 
presence of ga lle ries in the trunk base to 
1/ 2 of the trunk: 2; presence of ga lle ry on 
the w ho le tree trunk: 3; presence of 
ga ll e ry o n the trunk and parts o f main 
branches: 4; presence of ga ll e ry in the 
trunk and ail the main branches: 5. 

Fo r arborea l ( i. e ., w ith tree mo unds) 
te rmites (Nasutitermes and Microceroler­
mes sp ec ies), infesta ti o n leve l was rated 
as follows: no ga ll e ry: O; ga lle ry present 
in the trunk: 1; gaJleries prese nt in the 
trunk and < 1/ 4 of the main branches: 2; 
ga ll e ry present in the trunk and < 1/4 of 
branches, and presence of a rbo rea l 
mo uncl s : 3; ga ll e ry prese nt in the trunk 
and l/4 to < 1/ 2 o f the ma in branches, 
and presence o f arborea l rno unds: 4; 
gallery present in trunk and > 1/ 2 of the 
main branches, and presence of arbo rea l 
mo unds: 5. It shoulcl be notecl that pres­
e nce o f a rbo rea l mo uncl s implies an 
established colony. 

At th e beg inning o f the ra iny season 
(in late April 1995), when the grouncl was 
re lative ly soft , soi! samples were taken in 
the progeny ga rd e n w ith an auge r fro m 
depths of 30 cm and 10 cm di ame te r in 
the imrnediate surro unding o f each sa m­
plecl tree . lnsect sa mples, manuall y sepa­
ratecl fro m th e so i! and co unted, we re 
coll ected for ide ntifi ca tion in the labora­
to ry. 

2.2. infestation of sweet orange 
varieties by insect pests 

The fi e ld la yo ut o f the trial was a ran­
cl omised compl e te block des ig n of four 
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blocks; each block contained a set of 
three trees of each va riety. Fore ign va ri­
eties incluclecl Ca rte r navel, Hamlin , Lue 
Gim Gong, Meran, Parson Brown, Pineap­
ple, Va lencia late , and Washington navel, 
w hile the local va rieties were Agege- 1, 
Bende , Etinam , and Umuclike . Cleopatra 
ma ndarin was usecl as rootstock fo r al! 
the va rieties. O ne tree was samplecl pe r 
vari ety in each block. Insect pest infesta­
ti o ns were assessed o n each tree using 
the metho cl s a lready described fo r the 
progeny ga rden study. 

2.3. assessment of termite attack 
on rootstock trials 

Sepa rate trials with Lake tangelo and 
the Agege-1 sweet ora nge va rie ty, b ud­
decl on six rootstocks, were laid out in a 
ra ndomised complete block design w ith 
fo ur replications . In the two tr ia ls , each 
block contained a set of three trees o f 
each o f the tested rootstocks randomly 
dis tri buted. For Lake tange lo , the root­
stocks we re Cleopatra mandarin , Pan­
clerosa and Rangpur limes , Ro ugh lemon, 
sour o ra nge and Swinglea. For Agege-1, 
the same rootstocks were used but Dun­
ca n grapefruit was subst ituted fo r 
Swinglea . In each block, a tree per set of 
rootstock was sa rnpled. Te rmite infes ta­
tion levels and die-back of branches were 
assessecl following the methods described 
fo r the progeny ga rden trials . Gummosis 
(a gum clisease ca usecl by Phytoph thora 
spp.) was scorecl as present o r absent. 

2.4. statistical tests 

Analysis of va ri ance CANOVA) was 
condu cted fo r va ria bles that contributed 
to citrus damage in the randomised com­
plete block design. Means of significantly 
d ifferen t va ri ables we re separated using 
Duncan Multiple Range Test. Ali statistica l 
analyses were compu ted using SAS pro­
gra m [12] 

A multi ple regression analysis was con­
ducted w ith the infesta ti o n levels of the 
ma jo r pests encou nte red to assess the ir 
contribution to citrus die-back. For doing 
this stud y, the infesta tio n levels o f the 

va rio us te rmite species we re poolecl fo r 
each citrus variety (since they cause simi­
lar damage) . 

3. results 

3.1. citrus insect species 
encountered 

Severa! species of insects were identi­
fi ed on citrus (table!) . Sorne were w iclely 
distributed while o thers were only occa­
sionally observed. 

The predominant species were the ter­
mites JvJacrotermes subhyalinus Rambur 
and JvJ. bellicosus Smeathman ( = nigerierz­
sis Sjosted t) , and the citrus leaf mine r 

Table 1. 
lnsect pests encountered in a citrus orchard in Ibadan, Nigeria. 

lnsect pest species 

lsoptera 
Macrotermes bellicosus Smeathman 
Macrotermes subhyalinus Rambur 
Coptotermes sjostedti Holgren 
Nasutitermes arborum Smeathman 
Microcerotermes fruscotibia/is Sjôstedt. 

Lepidoptera 
Phyllocnistis citrella Stainton 
Papilio demodocus 
Achaea linardi 

Homoptera 
Parlatoria pargandii Comstock 
Lepidosaphes gloverii Pack 
Lepidosaphes beckii Newman 

Diptera 
Ceratitis capitata Weid. 

Hymenoptera 
Oecophylla /onginoda Latreille 
Crematogaster sp. 
Dorylussp. 

Orthoptera 
Zonocerus variegatus L. 

Hemiptera 
Annoplocnemis curvipes Fabricius 
Leptoglosus membranaceus Fabricius 

Part(s) of citrus attacked 

Trunk, branches, parts of roots 
Trunk, branches, parts of roots 
Trunk, branches, parts of roots 
Trunk and branches 
Trunk and branches 

Leaves 
Leaves 
Fruits 

Leaves, twigs 
Leaves, twigs 
Leaves, twigs 

Fruits 

Ali over tree, fold leaves 
Ali over tree 
Ali over tree 

Leaves 

Leaves, fruits 
Leaves, fruits 
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Figure 1. 
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t,v igs, they we re yet to attack the fruits. 
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There was a mutual relationship between 
the ant Crematogaster sp. and the scale 
insects . The latter \Vere tendecl by ants 
that, in turn , benefitecl from the honey 
dew secre tecl by the scale insects. The 
incidence of other leaf p ests such as 
Zonocerus variegatus and Papilio demod­
ocus was very low and non-significant. 

With the exception of frui ts of King 
o range and Rough lemo n, fruit of other 
citrus types were mostly attackecl by the 
fruit fly, C. capitata, and only occasionally 
by the fruit p ie rcing moth , Achaea 
linardi. Observations made o n moths 
attacking fruits by visiting the orcharcl at 
dusk indicated that punctures macle on 
fruits also e licitecl fruit drops. Fruit fly lar­
vae and adults were widely encountered 
in 80% of the sampled trees, both in fruits 
sampled on trees and those on the 
ground. Their attack was mostly observed 
on fully ripe fruits which were positioned 
in the lower to middle part of the canopy. 
Damage by other fru it pie rcing insects 
such as Anoplocnemis curuipes Fabricius 
and Leptoglossus membrcmaceus F. was 
negligible. 

3.3. soil pests in the citrus progeny 
garden 

M. subhyalinus and iVI. bellicosus 
attacked ail citrus types and were identi­
fi ed in 28% of the samplecl trees. Nasu­
titennes arborum Smeathman and Micro­
cerotermes .Ji·uscotibialis Sjosteclt were 
also iclentifiecl on a il citrus types, but 
infestation by these species accountecl for 
only 13.3 and 11.7% of samplecl trees, 
respectively. Microcerotennes was mostly 
on Parson Brown and Washington navel , 
and, w ith Macrotermes, excava tecl the 
woocly tissues of trunks and branches of 
trees. N. arborum was only observecl on 
Washington navel whereby they scarifiecl 
extensively the ba rk of the latter. Mean 
population dens ity of iVIacrotermes 
species in soi! samples frorn near Wash­
ingto n navel was highe r (251 indiviclu­
als/ c!rn3) than those from the surrounclings 
of other citrus types (/ïgure 1 c). Termites 
contributecl significantly (P < 0.001) to d ie­
back (r2 = 0.466), observecl to be most 

severe o n Washingto n navel , Du ncan 
grape frui t, and Agege-1 (/ïgure Id). The 
highest termite infestation levels were 
noted on Agege-1, Washington navel and 
Rough lernon, respectively, when the 
mean infestation levels of the termite 
species were poolecl (/ïgure 1 e). When 
the poolecl mean infestation levels of 
sca le insects were incluclecl in mu ltiple 
regression analysis with levels of factors 
such as te rmites and leaf miners (r2 = 
0.488) , a significantly h igh contributio n 
to die-back was observecl (r2 = 0.850; 
t = 10426). 

Ants iclentified from the citrus types 
included the African driver ant do1ylus 
and crematogaster species, and the tailor 
ant Oecophylla longinoda. The latter was 
wiclespreacl and folclecl many citrus leaves 
together to make their nests. They cl ic! not 
seem to p lay any direct role in citrus cl ie­
back. 

3.4. insect pests on sweet orange 
varieties 

With the exception of Pineapple and 
Meran varieties, which were significantly 
(P < 0.05) least infestecl, ail varieties were 
highly infestecl by leaf miners (ligure 2a). 
However, leaf clisto rtio n characteristic of 
high leaf miner damage was only observ­
ecl on Washington and Carter navels, and 
Hamlin. 

The scale insect L. gloverii was observ­
ecl on S\veet orange va ri e ties , with the 
highest infesta tion levels reco rclecl on 
Washington navel and Bende, followecl 
by Parson Brown (ligure 2b). P pergandii 
and L. beckii infestations were only 
observed, at low levels , o n Washington 
navel and Bende varieties. 

Washington navel was most suscepti­
b le to iVlacrotennes attack (/ïgure 2c). 
Despite the Iow incidence of Nasutiter­
mes and Coptotermes comparecl to Jv!acro­
termes, their damage was most pro­
no unced on Washington navel whereby 
the tree trunks were excavated . Multiple 
regression analysis of die-back levels 
against the poolecl mean infestation levels 
of te rmites and other insect pest species 
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indicated that o nl y termites significantl y 
contributed to die-back (r2 = 0.38; t = 0.46; 
P < 0.00 1). A stand eac h o f Wa shin gto n 
and Ca rter nave ls found to be attacked by 
termites w as infected by foot rot gummo­
sis disease caused by Phy top hth ora spp. 

Ant sp ec ies identified fro m c itrus and 
so i! sa mpl es were Oecophylla, Dorvlus 
and Crematogaster spec ies. Crematogaster 
tended sca le insects b y carry ing them to 

o ther parts o f the trees, w hi le OecophyLLa 
folcl ed leaves o f th e o ran ge va ri eti es to 
construct nes ts. D<JJy!u s w as o hserved 
m oving o n the infested trees, espec iall y 
o n th ose w ith high presen ce of sca le 
insects, w itho ut any apparent damage . lt 
was suspected to be tending scale insects 
as well. 

Atta ck o n fruits b y th e fruit fli es w as 
significantl y high er o n Parson B rown , 
Washingto n and Ca rter na ve l vari eti es 
despite the generall y low infestati on lev­
els obse rved o n ail varieti es (/ïgure 2d) . 
On ly few occurrences of damage hy the 
fruit piercin g m o ths we re o hse rved 
( < 15%) . Ripe fruits loca tecl at the lowe r 
p art o f the trees were mo re attacked h y 
fruit fli es than those higher up in the 
c 1nop y . Fruit dro p w as found to be high 
in the most susceptible varieties (figure 2d) 
w ith more than 50% o f the dropped fruits 
harbo uring fruit fli es. Fruit dro p w as sig­
nificantl y CP < 0.05) correlated w ith fruit 
ll y infestation level Cr = 0.6; n=12) . 

3.5. termite attack on rootstock 
trials 

O nl y infestati o n b y J\lfac rotermes and 
Nas11filerm es spec ies ,vas o f economic 
impo rtance in the tw o roo tstock trials. 

ln the Lake tangelo rootstock trial , the 
infesta ti o n leve l w as significantl y higher 
w ith the Ro ugh lem o n and Pand erosa 
lime rootstocks than w ith the o ther root­
stocks (N{ure ja) . In this trial, gummosis 
disease cau sed h y Phy! ophth ora spp. 
w as o b se rved o n 1 5°/ci o f th e sampl ed 
trees, but was totall y absent on Lake tan­
ge lo hudded w ith Cleop atra m andarin 
rootstoc k ; te rmite infes tati o n wa s o nl y 
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s ligh tly corre la ted w ith di e-back ( r2 

0.32; P < 0.05). 

In the Agege-1 rootstock trial, a gener­
ally lmv mean infestation levels Ç/igure 3b) 
was observed and no s ignificant diffe r­
e nce occurred between the tes ted roo t­
stocks. Gummosis occurred in 12% of the 
sample cl trees o f w hich 75% were 
attackecl by termites . 

4. discussion 

The highest attac k by the lea f mine r 
(P citre!!a) observed o n the citrus typ es 
Washington navel and the tangelos proba­
bly s ugges te cl its p re fe re nce for the ir 
leaves . This was furth er cl emonstratecl in 
the sweet o range varie ra! tri al w he re by 
leaf clisto rtion characteristic o f severe lea f 
mine r atta ck [1 3] was o bse rvecl o nl y on 
the exceptionally sweet va rie ties such as 
Washington and Carter navels, and Ham­
lin , cl espite the infestation of o the r vari­
e ties . However, the fac to rs chat cl e te r­
minecl preference were beyoncl the scope 
of this stucly. Although the leaf miners clic! 
no t s ignifi ca ntly contribute to di e -back , 
the ir recluction of leaf pho tosynthe tic 
area , especially in clisto rtecl leaves , might 
lea cl to unno ticed ab no rmal changes in 
the plant. In infestecl areas, the citrus leaf 
miners are known to attack ail varie ties of 
citrus with new flu sh [1 4]. Immediate past 
surveys of citrus proclucing areas, ca rriecl 
o ut by the autho rs in 1994, showecl chat 
Was hingto n navel and the tangelos bac! 
re latively highe r lea f mine r infestatio n 
comparecl to o the r va rie ties as o bservecl 
in this stucly. 

The three species of scale insects iclen­
tified were so highly aggregatecl on leaves 
and tw igs chat counting the numbe r o f 
inclividuals pe r lea f cluring sampling was 
not fe asible du e to the large number of 
samples to be taken. However, infestation 
leve ls scored on the basis o f po ints o f 
attack showe cl that sca le insects con­
trib ute cl signifi ca ntl y to the di e-bac k o f 
citrus varie ties . The most preva le nt scale 
insect was the long sca le, L glouerii, fol­
lowecl by the chaff sca le, P pargand ii, 
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whose infestation level was comparatively 
lower. Occurrence and attack of citrus by 
L beckii was neglig ible . Eg uagie [6] 
re po rte cl chat the d egree o f agg rega ti o n 
va ri es w ith the spec ies o f sca le insects ; 
using Taylo r's [15] power law , 'b ', he 
no te cl chat aggrega ti o n o n citrus leaves 
clec reasecl from L heckii (l. 9) to P per­
gandii (1. 75) to L glouerii (1 .1 5) . In a 
nation- w icl e survey o f produ cing areas 
ca rri ed o ut by the a uthors, scal e insect 
species dominance va riecl from one fi eld 
to ano the r. Howeve r, as for the present 
studies, sca le insect pre fe rence for Wash­
ington navel and the tangelos was gene r­
ally observed especially in the micldle belt 
regio n of Nigeria (highest citrus procluc­
ing area) irrespecti ve of w hich species 
was dominant. The rnost infested varie ties 
in the present stucl y - Was hington navel 
and Minneola tange lo - we re no te cl as 
having the de nsest cano py spreacl in the 
o rch ard , w hich a llowecl fo r a phys ica l 
contact be tween the ca nopies and fa cili­
tated eas ie r di spe rsa l o f sca le insects 
between ne ighbo uring branches by ants 
such as Crematogaster sp . (s ince these 
scale insects are re la tive ly sta ti c) . Cre-

Figure 3. 
Effect of six rootstocks: 
1: Cleopatra mandarin; 
2: Rough lemon; 
3: Swinglea for Lake tangelo 
and Duncan grapefruit for Agege-1; 
4: Rangpur lime; 
5: Sour orange; 
6: Panderosa lime on termite attacks 
of two varieties of sweet orange: 
(a) Lake tangelo; 
(b) Agege-1. 
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matogaster tends sca le insects [16 , 17]) 
and o ften carries thern to new branches 
while benefiting from their secretio ns. 
Besicle attracting ants , such secretions 
enha nce the formati on of soo ty m oulds 
(18]. D oryline ants were also suspected to 
be tencling sca le insects and bene fiting 
from their secretions since these ants pre­
do m inantly occurred on trees infested by 
scale insects. The contribut io n o f O. lon­
ginoda to citrus damage was not cletected, 
except for their abili ty to foie! citrus leaves 
for nesting purposes. 

T he higher affinity show n b y termites 
for the sweet citrus types Washington and 
Carter nave ls, and the Tangelos (also 
observecl \Vith other majo r insect p ests), 
inclicatecl that preference was governecl 
by certain factors not investigatecl in this 
study. The population clensity o f Macro­
termes species w hich causecl rnost of the 
observed damage in the progeny garclen 
was also highest in the irnrnediate sur­
rounding soils o f Washington navel which 
had the highest termite infestatio n level. 
An earlie r study conducted b y Sands [3] 
on termites clestructive to trees ancl crops 
in northern N igeri a shmvecl that most of 
ci trus damage w as caused by JJ;facroter­
mes species, w hile Odontotennes clamage 
was only observed on ra re occasions. The 
p resent study shO\,vecl that, apart from 
/Vlacrolermes species, other genera such 
as Coptotermes, Nasutitermes, and /Vlicro­
cerotermes ( no t p reviously associa tecl 
w ith citrus damage in Nigeria) couic! also 
contribute to damage, and thus ackl to the 
overall pest/ clisease damage w hich results 
in clie-back . A ltho ugh ci trus variety p ref­
erence b y termites has no t been investi­
gatecl in N igeria , the contribution of 
J\1acrotermes sp ecies to citrus decli ne is 
now well establishecl. Fu rthermore, these 
resu lts emphasise the neecl for necessary 
precautio ns to be taken w hen estah lish­
ing new o rcharcls in termite- in festecl 
fields, especially with highly suscep tible 
ci t rus va rieties. The attack o f a tree by 
Macrotermes species as well as its pres­
ence in the immediate surro uncling soi! of 
such tree o ften implies that the root sys­
tem m ay have been attackecl. lt is there­
fore most like ly that ci trus roots couic! 
have heen attackecl (in the case o f Wash-
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ington navel), ancl thus contribute to the 
observecl citrus clecl ine. Although most ter­
mite dam age on c itrus was causecl b y 
/Vlacrotermes, there were instances whereby 
the combination of Macrotennes and the 
fung i Phytophtora spp . contrib utecl to 
damage. It was d i fficult to state which o f 
the two (termite o r fungus) initiatecl 
attack. A fu rther stud y o n the latter aspect 
w ill contribute significan tly in clesigning a 
meaningful intervention against citrus d ie­
b ack . lt is kno w n however that clisease 
infections can lower p lant vigour and 
enhance the susceptibili ty of a plant to 
termite attack. The contribution of termite 
in association with fung i to the spread of 
die-back on tree crops was first reportecl 
in iger ia by Sancls [3] on cocoa , Theo­
brama cacao, attack ecl b y the termite 
Neatermes aburiensis Sjôsteclti. 

Term ites clic! not ca use as mucb dam­
age in Agege-1 rootstock trial as in tan­
gelo rootstock trial. ln the latter however, 
those b ucldecl on Ro ugh lernon were 
most cl am aged by termi tes, and sorne­
tirnes \Vith Phytophthora spp. infection , 
probably inclicating the non-suitability o f 
Ro ugh lemon rootstock in the area. T he 
ch o ice of suitable citrus rootstocks for 
particular soils and vegetation zones is 
ve ry important in rnaintaining plant 
v igour, rni nimising susceptibility to pest 
and cl isease attacks, and thus ensuring 
goo cl plant growth. Eva luat ion trials b y 
Matheron and Porchas [19] iclentifiecl root­
stocks w ith high clegree o f resistance to 
gurnmosis ancl root rot causecl by P citroph­
thora and P. paradisi. Part of NIH ORT's 
long-term research plan o n the clevelop­
rnent o f citrus inclustry in Nigeria inclucles 
the eva luation of rootstocks in different 
parts o f the country w irh a v iew to cleter­
mine those su itahle for the various eco ­
logica l zones and soi! ty p es in terrns o f 
p est and cli sease resistance, and other 
beneficial agronomie attributes . The pre­
sent study will the refore forrn a bench­
rnark for future research on termite dam­
age to citrus rootstocks. 

The contribution o f fruit pierci ng 
insects in the reductio n o f rna rketable cit­
rus fruits was shown by their p resence in 
majority of citrus types, of which fruits sit-
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uated in the lower parts of the canopy 
and fully mature were mostly attacked by 
C. capilata. It bas been reportecl that 
infestation by C. capitata varies according 
to the fruit locations on tree, fruit maturity 
and associated advancecl ripeness [20, 21]. 
These factors are important in timing 
effective contrai period. The higher attack 
observed on fruits of Parson Brown, 
Wash ington and Carter navels in the 
sweet orange varietal trials may not be 
unconnected with their chemical charac­
teristics at full ripening (not ana lysed in 
this study). The stage of fruit ripening is 
linked to its physical/chemical character­
istics which rencler it more attractive to 
fruit fly oviposition. These include the 
level of essential oils in the fruit rind and 
the reduction in the acid ity of the fruit 
rind and juice [20], and the nature of 
vo latile substances in the fruit rind [22]. 
Ortiz et al. [23] reported that an increase 
in the suga r content of the fruit rind of 
Va lencia Late , Washington nave l and 
Navelate favoured fruit fly attack. Results 
of the present stucly showed that fruits of 
Rough lemon and King orange were not 
significantly attacked by the fruit fli es or 
the fruit piercing maths. This was sus­
pected to be associated with the th ickness 
of the fruit rind in these citrus types 
which die! not allow for easy penetration 
of insect mouth parts to the juicy portion 
as well as the physical/chemica l charac­
teristics of the fruit rind. The widespread 
presence of fruit flies in fruits fo und 
beneath trees could be detrimenta l to 
unharvestecl fruits since these dropped 
fruits act as reservoir for reinfestation of 
new fruits. Burying or burning these 
fa llen fruits could be the easiest po in t to 
debut contrai measures against fru it flies. 
Although fruit damage by the fruit pierc­
ing maths , A. linardi, and the fruit bugs, 
A. curuzpes and L. membranaceus, was 
not significant in this study, the severity 
of their attack varies from one season to 
another. In Nigeria , Babatola [2] attributed 
up to 70% fruit lasses to fruit piercing 
insects. Termites, sca le insects, and leaf 
miners were the major groups of insects 
affecting the surviva l of citru s stands in 
the fo ur trials assessecl. Although leaf 
miner damage may not directly affect the 
die-back of citrus, their reduction of the 

leaf photosynthetic area is like ly to have 
an adve rse effect on the physiological 
functioning of the plant. The contribution 
of insect pests to continuous citrus stand 
lasses in the trials was more critica l on 
some of the va ri eties than on others . 
Therefo re, th is study shows the relative 
importance of the observed insect pests 
to citrus decline by assessing their levels 
of in festat ion of plant parts. However, 
these results are expectecl to fo rm basis 
for further investigations in areas of Nige­
ria where simi lar insect species are of 
economic importance in the presence of 
various citrus species . 
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Insectes dafiinos observados en un vergel de agrios en Nigeria. 
Resumen - Introducciôn. La falra de practicas horticolas adecuaclas capaces cle lirnitar 
los cl a11os ocasio naclos por insectos cla11inos y otras enferrnedacles y de asegurar un creci­
rniento v igoroso cle los arbol es hubiera contribuiclo a la cl esaparici6 n de agri os en va rias 
regiones de N igeria. Por lo tanto , se ha ernprencliclo un estuclio para iclentificar el pape! cle 
los insectos en esta destrucci6n cle los {1rbo les. Material y Métodos. Se estudiaro n tres par­
ce las cle agrios ubicadas en un ve rge! de N igeria y presentando problemas de marchita­
mien to : un v ivero constituiclo de va ri os tipos cl e agri os, un experirn ento somet ienclo a 
prueba clistintas va riedades de naranjos y o tro sometienclo a prueba clistintos porta-injertos. 
Se muestrea ron las hojas , los ramos y frutos de arboles seleccionaclos al azar para eva luar su 
graclo de infestaci6n por insectos. El ataque por los comejenes fue eva luaclo a partir cle una 
escala cle notaci6n basa da en la amplitucl cle las ga lerias observaclas y se a punt6 el nümero 
de frutos desprendiclos . Resultados. Los p rincipa les insectos cla11inos identifica clos fu eron 
los come jenes, las larvas minacloras cl e ho jas , las coch in ill as y las rn oscas de frutos . Los 
comejenes y las cochinillas resultaron contribuir significa tivamente al marchitamiento cle los 
agrios . El naranjo 'Wash ington navel ' fue el mas sensible a los ataques de los insectos cla11i­
nos . Las moscas cle frutos , muy comunes, provocaron cleterio ros en los frutos comercializa­
bles. En los ensayos de porta-injertos , ·Rough Lemon ' fue muy atacaclo por los comejenes, 
sobre todo cuanclo injertaclo con la va ri edad 'Lak e tan ge lo '. Discusiôn. En N igeria , los 
comejenes y las coch inillas contribuyeron probablemente al marchitamiento de ciertas varie­
clades cle agrios mas que de otras , como lo atestiguaria la gran sensibiliclacl a los ataques de 
los claninos, observaclos para el naranjo 'Washington navel '. Esta situaci6n puclo empeorarse 
al u tilizar porta-injertos inaclecuados en un entorno som eticlo a una fuerte presi6n parasita­
ria. (© Elsevier, Paris) 
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