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ABSTRACT

Survey of five human settlements in Gboko and Bwurtlocal Government Areas, Benue
State, showed the presence of eight mango variétesal, Juie, Gesha, John, Dabsha, Pittir,
Germer and Hindi. Ten lkaves per stand of eachgonaariety were sampled every month
for 24 months. Numbers of different stages of roanggalybug,Rastrococcus invadens
Willams and mummies were monitoredR. invadens field populaton per chleaf area
varied significany among eght varietes of mandhile Gesha, Julie and Local varieties
favoured signficant field populaton growth dR invadens John, Dabsha and Germer
contributed significantly kess. Population Bf invadens on Gesha, Julie and Local folowed
the same trends and peaked in May, 2000. P opulfiche mealybug decined sharply along
with its parastoidGyranusoidea tebygi Noyes on each variety during October, 2000 due to
combined forces of wind and rainfal. Contributiom changes iIrR. invadens population by
both biotc and abiotic factors were significarttigher (P<0.05) on Gesha? (r 60.8%) and
Pittir (> = 59.7%). Qebygi, though low in number, is wel establshed on itsti®invadens

in the zone of study. Mango varietes had sigmificéP<0.05) influence on the sex ratio of
the mealybug wih the malke population higher tHanfemale in each variety.
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Introduction

Mango (Mangifera indica L., Anacardiaceag)now naturalized in West African sub-region
(Irivine, 1969; Hil, 1975), is a valuable ornamanand shade tree, which also contributes to
the protecton of sol against erosion. It constgu an important source of energy and
nutrents including vitamins A, C and D, amino acitarbohydrates, fatty acds, minerals,
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organic acids and protein (Bokonon-Ganta, 2003. different medicinal values have been
reported (D’ Almeida, 1995). Until recent tme, dage caused to mango by insect pests and
dseases was not significant. However, since 1980sireadful mealybug pest described as
Radrococcus invadens Wiliams (Homoptera: Pseudococcidae) was reposiednango and
ctrus n West Afrca (Agounkest al., 1988). It originated from South-east Asia (Mabdhet

al., 1980) and was later observed on the Africaniremttin 1981-82 in Ghana and Republic
of Togo (Agounkeet al., 1988; Boavidaet al., 1992) from where it spread to other African
countries including Republc of Benin, Congo, Cdie Iwoire, Gabon, Sierra Leone, and
Nigeria (Matokotet al., 1992; Neuenschwandet al., 1994). It spread into the country early
1988 through Nigeria/Republic of Benin border (Adeotu e al., 1992). Since then, the
mealybug has been encountered at both easternoshérn parts of Nigeria (Ivbiaret al.,
1992) by movement of contamnated planting maserahd by wihd as dispersal agent
(Agricoa e al., 1989; IITA, 1992).R invadens is a polyphagous pest found to attack
different fruit trees, ornamental as well as shades n Republc of Togo (Agounka al.,
1988), Republc of Benn (Neuenschwander, 1989ehd (Ivbijaroet al., 1992) and Gabon
(Boussienguet and Mouloungou, 1993). Over 80% Yaddes of mango due to the mealybug
attack were reported in Ghana (Mocge al., 1989). The mealypbug competes wih its host
pants for the products of photosynthesis when tpbieyce the epidermal layer to suck the
chloroplasts, soluble foods and vitamins from thavés (Edmondt al., 1988). Differences
in infestation kevels oR. invadens have been reported between adpcent mango tretee n
Repubic of Benin, Togo and Congo (Matoket al., 1992; Boussienguet and Mouloungou,
1993, Bokonon-Ganta and Neuenschwander, 1995). r&evacal, exotc and improved
varieties of mango trees are found n the GuinearS® of Nigeria. Casual fied observation
revealed that some varieties are more suscemiie invadens compared to others (Ukwela,
pers.com). Such observation, when scientficalyedtigated could be of great value in
developing a pest management programme againsiméadybug. Athough Odebiyet al.
(1989) and Okege (1995) reported on the actwvityttef exotic parastodSyranusoidea
tebygi Noyes of the mealybug n South-Westem Nigeriathdéw informaton is required on
its attack on the pest among the mango varietieb imnother parts of the country. The
knowledge of the relative abundance Rf invadens and ther natural enemies on different
mango varieties as well as the influence of weafthetors on the population regulation of the
mealybug is inadequate in Nigeria. In this studgrefore, attempt wil be made to assess the
incidence of R invadens the influence of parastoid and weather factansit® population
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among the diferent varieties of mango in two reaghing Local Government Areas of

Benue State.

M aterials and M ethods

Incidence of R. invadensamong the mango varieties

Survey, identification of mango varieties and incidence of R. invadens

A survey of two neighbouring Local Government Are@boko and Buruku, was carried out
in Benue State during the first week of Novemb®g9land five (5) settements with records
of several mango varieties and mealypug infestati@re selected across the zone. The
choice of the two Local Government Areas for thedystwas based on the incidence of the
mealybug. Eight different varieties of mango cosipgi Local (naturalized variety), Julie,
Hindi, John, Pittr, Germer, Gesha and Dabsha vewed in the zone and identfied with the
help of a plant breeder n the Benue State Agu@iitand Rural Development Authority
(BNARDA).The different varieties were identfied bgonsidering their morphological
characters with particular reference to their lesdtures. All the mango varieties found were
observed to have been naturally infested at difefevels byR. invadens

The approximate age n years of indvidual tree éwery variety utlized was determined

through oral interview held with the owners.

Field Sampling

M onitoring of R. invadens, parasitoid and hyperparasitoids

Those mango varieties, especialy Dabsha, Gernobn and Gesha with minimum of three
to four stands found only in one or two of the lsatents were all numbered and utiized for
the population count oR. invadens. Others, including Julie, Pittr, Hndi and Loocarieties
each with several individual stands in each settienwere numbered and one (1) stand per
variety was selected randomly per settlement shah five (5) stands of each were utiized
for samplingR. invadens population across the zone. Population count®.ainvadens was
carred out between the last week of January, 20@D last week of December, 2001 (24
months). In every month and on each stand, teresavere picked from the shoot canopy
that was previously marked into 5-quadrats at am-remch height (2.0-2.5m) such that two
(2) eaves were sampled randomly per quadrat. Bdhsample was carried in a 35 x 30 cm

envelope to the kboratory for analyss.
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Different stages ofR. invadens (first, second and third nstar larvae, pupae ashds) and
their mummies (parasitized, dead and hardeRednvadens collected from the leaves were
identified and counted separately under the stmxmular dissecting microscope with x 5
objective lens. The mummified mealybugs were delécfrom the leaf sample with the aid
of a camel hair brush and transferred nto Pethed. Each mummy was then preserved and
observed on a daiy basis tll every parasitoid hyperparasitoid were recorded and

transferred into different vals.

Each mummy from which no parasitoid or hyperpasidsiemerged was observed for three
weeks and then preserved in 70% ethanol for 2-3 dasfore dssection to detect the
presence of any dead larva or pupa of parasitoildyprparasitoids.

Some hyperparasitoid that could not be identifiechlly were sent out and dentified at the
insect museum of the IITA Plant Health Managemenisidn, Catonou.

M eteorological data

Monthly ranfall, relatve humidiy, temperature danwvind speed readings of January, 2000 to
December, 2001 were obtained from the MeteorobdWeather Station located at the
common border of the two Local Government Areaoi@land Buruku) (Table 1).

Data collection

In order to exphin the variation in the mealybugpylation among the different varieties of
mango and for the purpose of comparison, twenty) @erent fushes were picked at
random from diferent sides of shoot canopy of eaehiety and the average number of
leaves per flush length was determined in the nflashing period of October, 2000 to
February, 2001. Ako, twenty (20) leaves were picke random from each variety and leaf
area (n cr) was determined by measuring the size of individkef by using graph sheet
and counting the number of unit squares in theettgoortion. Mean kaf area was obtained
by dwviding the total leaf area by the number divies recorded. The leaf areas for each
candidate varety were determined thereafter. Thpulption densities of the various ffe
stages ofR. invadens and that of mummies from which the parasitod gpehparasitoid
emerged were determined for each month and forwthele period. The number dr.
invadens per square centmeter of keaf was calculated &mhemango variety. Field colected
adult mango mealybug was sorted nto malks andldsnand the sex ratio was determined

for every variety.
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Table 1: Recordsofmonthly weather conditionsobtaned at Ak peran Orshi College of
Agriculture M eteorological Weaher Station, Yandev-Gboko between January,
2000 and December, 2001.

Month / year Weather factors (or variables)
R/al (mm) R.H (%) Temp (°c) Wind speed (km/hr)

Jan. 2000 0.0 77.4 26.5 121.2
Jan. 2001 0.0 814 26.7 123.1
Feb. 2000 0.0 75.0 29.5 170.2
Feb. 2001 12.3 77.7 29.9 155.7
Mar. 2000 0.0 74.8 29.9 162.5
Mar. 2001 0.0 79.6 30.2 185.4
Apr. 2000 162.1 73.5 29.6 174.5
Apr. 2001 57.4 80.0 29.3 1755
May 2000 197.2 75.2 28.0 121.7
May 2001 37.5 78.4 28.2 123.7
Jun. 2000 260.4 71.9 27.0 97.8
Jun. 2001 152.0 81.0 27.3 114.0
Jul. 2000 155.6 75.0 26.0 97.9
Jul. 2001 55.4 76.6 25.9 101.0
Aug. 2000 120.7 74.3 26.5 77.0
Aug. 2001 123.9 84.3 26.8 80.0
Sept. 2000 90.0 78.8 26.6 20.9
Sept. 2001 420.6 67.8 26.4 25.0
Oct. 2000 160.3 78.4 27.3 65.6
Oct. 2001 85.8 77.2 27.0 70.0
Nov. 2000 0.0 79.9 28.8 86.8
Nov. 2001 0.0 77.5 28.0 92.1
Dec. 2000 0.0 80.0 28.1 111.9

Dec. 2001 0.0 80.5 28.3 102.6
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Statisticd andysis

The sex ratios of the male and female mealybugneldtaon indivdual mango variety were
compared by Chi-squareXd) test at 5% level.

Mealybug population density was correlated wih heaf the lkaf parameters and abiotic
variables; rainfall relative humidity, temperatugsxd wind speed. Also, mealybug population

density was regressed on both biotic (parasitoid hgperparasitoids) and abiotic variables.

Results

Incidence of mango varietieson R. invadens

Tabe 2 shows population densies Bf invadens on eight different mango varetes.
Number of R. invadens per cm of kaf was significantly different (P<0.05) amotige
varieties. Number of mealybug on Gesha variety wigaificantly higher (P<0.05) compared
to those on other varieties. Leaf density (or ayeraumber of leaves per fush) and mean
leaf area difered with mealybug infestation amdimg varietes. Gesha, Jule and Local each
had an average of eight kaves per flush but tleeiedsin R. invadens density (decreasing
from 0.159-0.079/cR).

Simiarly, Pittir, Dabsha and John had a commorrame number of keaves per flush
(7) with decreasing magnitude dR. invadens populaton density (0.037- 0.002&m
Generally, mean kaf area increased with decreaseaverage number of leaves, and
population density ofR. invadens ncreased with increase in average number of deaes
flush. R invadens population per cfof leaf was lowest on John with the largest mesf |
area (183.7 cf), and highest on Gesha with the second to smadestage leaf area
(79.9cn3).

Most of the mealybugs observed on the mango ewietiere mak (74.7%). The
proportion of male to female populaton was simiam Local (3:1), Germer (3:1), Julie
(341) and Gesha (2.5:11) varietes (Table 3). &#ios of the mealybug recorded on Hindi
(221) and Dabsha (2.1:1) were also similar. Quise analysis showed that the mango
varieties had a significantyy = 46.13; df = 6, P<0.05) influence on the sexorafi R.
invadens The proportion of the mak in the field popuiatimf the mealypug was
sgnificantly higher on John variety.

R . invadens population folowed a similar trend on Gesha, Jal® Local varieties
between March 2000 and July 2001(Figure 1). Thelyim&n population showed a uni-modal
peak n 2000 and bimodal peaks in 2001 on GeshietwaThere was a sharp declne in
mealybug populaton on the different vareties fréhe month of June to October 2000. Its
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populaton was consistently higher on Gesha vamgti the exception of the period between
August and December 2000 when its number was highegule variety.

Respective average age in years (21, 2224,2828,28d 45) of individual trees for every
canddate variety (Dabsha, Germer, Hindi, Julest@e Local, Pitir and John) utiized in this
study was different among the mango varieties. dStanf diferent mango varieties found
across the zone of study belong to different owrserd age groupskR. invadens was quite
scanty on John variety, which appeared much olderge than others. Its populaton was also

very low on Dabsha.

Influence of some naturd factors on R. invadens

In order to understand the condtions leadng tgh hir low mealybug infestation, multple
regression analysis hnwoling six variable§. (tebygi, hyperparastoids, rainfal, relative
humidity, temperature and wind) were perfoomed @a#). The jont influence of the
independent factors oR. invadens population differed from one mango variety to heot
Contributon to variation inR. invadens population on Gesha?(r= 60.8%) and Pittr &
=59.7%) by these variables were statistically f&gmt (P<0.05). Generaly, contribution to
variation in the mealybug population density by tl@iables was lowest on Hindi (32.1%)
and highest on Gesha (60.8%). Five of the indeperidetors (with wind removed) and four
(with wind and temperature removed) accounted 4% (P<0.05) and 51.7% (P<0.05) of
the variation on Pittir variety, respectivel.tebygi, hyperparastoids and rainfall accounted
for 49.1% (P <0.05) of the variaton on Pittir véyie

There were both positve and negative relationshipsveen the mealybug population and
various independent factors n this study. In theint contributon to mealybug populations
on mango varieties, temperature, relatve humidityl rainfall showed negative relationship.
Wind and G. tebygi contributed positively to fluctuations R. invadens population on the six
mango varieties (Tablke 4). Among the varieties,dwaowed a highly signficants(t 3.791,
2.382; df = 21) influence oR.invadenspopultion on Gesha and Hindi varieties.

Discussion

The present study has establshed the extent afadpand seasonal distribution B

invadens on eight diferent varieties of mango among twe fiuman settlements across the
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zone. The result of field sampling showed that eawngo variety supports the population
growth of R. invadens at varying degrees, and with John variety showtlmg least and

insignificant support. Akhough the reason for emtely bw ncdence ofR. invadens on

John even in the vicinty of other infested vagetiat Usuh settlement is not quite clear,
average age for indvdual tree considered for fie&el samping showed that John variety
was much older compared to other varieties. Leakm@o fresh weight) and nitrogen (% dry
weight) of terrestrial trees are known to declingthwage (Scriber and Shnsky, 1981)
akhough the much younger varietes (Dabsha andm@&@@r observed in this study had

relatively lower incidence dR.invadenscompared to others.

In this study,R. invadens population density ncreased with increase in rimdf leaves per
flush and decreased with increase in leaf arealef@ir sze) among the mango varetes.
Hence, Gesha varety with more clsely set leaved ralatively smaller keaf area (or leaf
size) compared to other varietes has the highesalyimg population density. In a simiar
study, Thgke and Copland (1988), on the basisedff larea, recorded diferential level of
infestation of Plannococcus citri on two different host plants, being more deristolochia
pasdflora plants, and lower on Vesnerriaceae plants. L&&f is probably an important
variable that could influencdR. invadens populaton snce leaves from other vareties have
smaller kaf areas and much greater mealybug popul@lensity to indicate a negatve
correlation. John variety with the largest keafaated the lowest number Bf invadens per
cn? of leaf compared to numbers recorded for otherieties wih smaler leaf areas.
Determination ofR. invadens population density in terms of number of mealyipeg cn? of
leaf instead of per leaf is to gve sound basis dase of comparison of the population levels

of this pest among the diferent host varieties.

Within the two-year study period, the mealybug ileeid ks populaton peak about the month
of May, which is usualy the begnning of rains adeclined sharply towards the month of
October. This might be due to combined forces dfidwand rainfall characteristics of this
zone, among other environmental factors. A simiandy rain condition (stormy weather)
could have accounted for similar sharp declinehia mealybug population from its bi-modal
peaks observed on Gesha variety in the second $emh drastc reduction R. invadens
populaton on each variety due to the washing-éfthe pest from the leaves by the windy
rain conditions could for a long period limit a seaable ncrease in natural population of the
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pest in a stuation where environmental condtiens highly favourable for ks growth as was

observed on Gesha variety.

G. tebygi was recorded from al mango varieties having ttasgnce oR. invadensand at the
five settlements situated across the zone of stadgl, even during the windy rain conditions
in the months of May to October wheR invadens population declined sharply. This
suggests thal. tebygi s well established on its host mealybug n thisaaof infestation
which lies in the Southern Gunea ecology. Althotigh parastism oR. invadens reported

in this study is quite low, ths observation agreeh the report of the eariier authors which
shows that the parasitoid could be establishedifiareht ecological condtions (Agricolat

al., 1989; Boavideet al., 1992; Pitaret al., 2000). Low parasitism dR. invadens observed in
this study can be explained from the fact that ghmstization determined in this work has to
do with only mortality due to development of themature stages of the parasitod n the host

mealybug.

In conclusion, this study has shown that mangoetiesi had significant influence on the
changes inR. invadens popuktion. Combhned contrbutions to variatioms ¢hanges) inR.
invadens _population by some environmental factors were ifisignty higher on some
varieties (Gesha and Pitr) than on the othersos@ hvarieties with more closely set leaves
(Gesha, Juie and Local) and reltvely small deaves favouredR. invadens population
increase than on others (Germer, Hndi and Pittth lbwer population density. Such
varieties with low incidence dR. invadens may be more useful for plantation agricutture as

the varieties with higher incidence could serveeasrvor to ths mealybug pest.
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Table 2: Mean populaion density of R. invadens obtained for the period of 24
months on eight different mango varieties.

Led parameters R. invadens per cm? of leaf

M ango

vaieties Meanleaf aea Mean leafnumber Mean medybug Highest mealybug

per flush number number

L ocd 110.1 8.0 0.0790c 0.47

Julie 76.2 8.0 0.1136b 0.84

Pittir 136.5 7.0 0.037d 0.22

Hindi 145.2 6.2 0.031de 0.29

John 183.7 7.0 0.002e 0.04

Dabsha 92.9 7.1 0.014de 0.25

Gesha 79.9 8.3 0.159a 155

Germer 106.2 5.3 0.029de 0.25

M eans in each column followed by the same letter are not significantly different at 5%
level  DNMRT)
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Table 3 Ratio of total field population and Chiace analyss of
adult male and femaR. invadensobtained on eight mango
varieties during field sampling

= ~rango vareues . rota NO NO. or NO or RaT0
of Adults males femdes (mde: female)

Local 985 740 245 3:1
Julie 1184 918 266 3.4:1
Pittir 705 565 140 4:1
Hindi 462 316 146 2.2:1
Gesha 1479 1055 424 2.5:1
Dabsha 127 86 41 2.2:1
Germer 357 270 87 3.1:1
John 53 48 5 9.6:1
Overdl 5352 3998 1354 3:1
¥>=46.13; 6,P<0.05
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Table 4. Regression Statistics of six variables (G. tebygi, hyperparasitoids, rainfall, relative humidity, temperature and wind) that jointly

influenced the mango mealybug populations on six mango varieties.

Regression Statistics

M ango tp values
varieties  C-tebygi  Hyperparasitoid. Rainfall Relative = Temperature Wind R? R Fcal
Humidity

Hindi 1.029 0.185 0.589 0.686 2.382* 0.321 0.567 1.342
1.162

Gesha 1.099 0.443 1.444 -0.227 3.791* 0.608* 0.780 4.389*
2.055

Julie 2.491* 1.672 0.048 -1.090 1.740 0.433 0.658 2.168
-0.274

Local 1.272 0.022 1.187 -0.357 1.954 0.433 0.638 2.168
1.0371

Pittir 1.225 0.832 -0.821 -1.666 0.487 0.597* 0.773 4.195*
0.069

Germer 1.073 1.068 0.496 0.163 0.283 0.330 0.574 1.395
1.156

* Significant at P = 0.05

31



32

1.8 7

=
(o))
I

—— Local

g 147 —o— Julie
® —4— Pittir
§ 1.2 —o— Hindi
Ng —*— Dabsha
% 1- —®— Gesha
B —&— Germer
=
£ ] —®— John
y 08
©
c
L2 0.6
IS
>
g
a 0.4
0.2 1
0 -

2000

Figure 1: The mean monthly population of R. invadensobtained on different mango varietiesin the mealybug
infested areas of Benue State
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