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ABSTRACT

The banana weevil borer, Cosmopolites sordidus Germar {Coleoptera: Curculionidae); is a nocturnal pest
and larvae tunnel into banana rhizomes. Infestation and damage are assessed mainly by pseudostem
trapping of adults, and the determination of coefficient of infestation. Deficiencies of these methods were
identified and field experiments and destructive sampling of bananas carried out to answer some of the
questions raised. :

Variation in trapping conditions, such as trap length, placement, duration of trapping, and soil
moisture conditions significantly influenced weevil catches in pseudostem traps. The relationship between
external rhizome tunnelling, indexed as Percent Coefficient of Infestation (PCI), and internal rhizome
damage by C. sordidus varied among the banana types and with the parameters used to quantify damage.
There was also a poor correlation between weevil trap catches and rhizome damage.

For trap to be statistically comparable, trap size and trapping conditions should be defined and
standardized. Proper use of the PCI requires that correlations between external tunnelling and internal
rhizome damage be established for a given banana type or cultivar.
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INTRODUCTION being constrained by deficiencies in methods of
assessing weevil populations and plant damage.
The banana weevil borer, Cosmopolites sordidus, Because of the nocturnal and secretive nature

is an important pest in all major banana and  of adults, and tunnelling of larvae into rhizomes
plantain growing countries of the world. In the and pseudostems, evaluation of banana infestation
Lake Region of eastern Africa, recent decline in  and damage by the weevil has relied on relative
banana productivity has been attributed to methods; mainly pseudostem trapping of adults,
damage by C. sordidus and nematodes (1). and Percent Coefficient of Infestation (PCI) score
Upsurge in the weevil problem in Africa has led  for damage (7; 12). Where used, direct estimate
to renewed interest in research into its bioecology  of rhizome damage is restricted to wind toppled
and strategies for control. This effort is, however, plants or those sampled after harvest.
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Use of the two relative methods of weevil
assessment brings to mind important questions
that need to be critically addressed. Firstly, to
what extent do these methods provide simple
and dependable ways of not only estimating
weevil populations and determining levels of
infestation, but also assessing banana damage
and potential yield losses? Secondly, what are
some of the limitations of existing assessment
methods,-and how can their effectiveness be
improved? ‘ )

Pseudostem trapping. Two primary trap types

used in the evaluation and control of weevil

adults is the disc-on-stump and pseudostem traps.
The disc-on-stump trap is made by cutting
harvested stump 15-25 cm above ground level
and placing a 5-10 cm thick pseudostem disc on
top of the stump (6; 7; 12). The split pseudostem
trap, on the other hand, is made from pseudostem
pieces split longitudinally in two halves and
placed near a target plant with split surface on
the ground (6). Disc-on stump traps are believed
to catch three to four times more weevils (6), but
are inflexible in use as they can only be set from
harvested, broken or discarded plants. Split
pseudostem traps, in contrast, are easy to make
and set under the widest range of field conditions,
and trap materials are readily available. They
have thus been recommended and used
extensively to assess borer populations in banana
fields (1; 7; 10), to determine the effectiveness

of applied insecticides (2), and in practical weevil

control (1; 4; 12).

It is recognized that factors such as trap size,
material, duration of trapping, environmental
conditions and physiological state of the weevils
may influence adult catches in pseudostem traps
(4; 5; 7). Given the importance and extensive
use of these traps, therefore, it would be expected
that sufficient effort has been made to define
specific trapping conditions necessary to yield
optimum and comparable results, as well as the
establishment of efficiency in the use of trap
materials and time. Review of available literature,
however, shows that critical studies covering
‘these parameters are lacking, and standardization
has not been attempted.

With little functional justification, a wide
range of trap size, placement and duration of

- weekly over two weeks.

trapping are used or recommended. Common
trap lengths range from 30 to 60 cm, and duration
of trapping from one to seven days (7). Hord and
Flippin (4) and Mitchell (7), for instance, used
18" (45 cm) long traps set flat side down in pairs,
on cleared soil at the base of each mat trapped,
and read once 5-7 days after setting. A recent
technical workshop on the weevil (1)
recommended the use of 30-50 cm long traps,
with cut parts placed over soil and checked
Due to these large
variations in procedure, trapping results have
remained highly inconsistent, statistically
unreliable, and difficult to compare (11). There
is, therefore, a critical need to undertake
comprehensive definition of trap characteristics
and trapping conditions.

Coefficient of infestation. Where interest is in
direct estimation of weevil damage on bananas,
rather than weevil population per se, the
Coefficient of Infestation or Percent Coefficient
of Infestation (PCI) methods are used. The
Coefficient of Infestation (14) was the first
procedure used to quantify the degree of banana
attack and rhizome damage by C. sordidus. It
consists of clearing the base of the banana plant
to expose weevil tunnelling points and estimating
infestation and rhizome damage on the basis of
these points. This procedure has since been
modified to encompass assessment of whole
rhizomes for damage (13), or the establishment
of Percent Coefficient of Infestation (7). The
PCl is basically a template conversion of external
tunnelling points into a percentage index
representing the degree of banana infestation by
the pest. This procedure is the most practical,
and is widely recommended and used. It,
nevertheless, has important deficiencies.

A primary statistical limitation of the PCl is
the dependence of its values on the surface
distribution of weevil tunnels (3), with the
possibility of there being many PCI scores for
the same level of tunnelling. Where clumping is
high, for example, template readings tend to
underestimate the degree of infestation. More
importantly, however, in using the PCI as a direct
measure of banana damage by weevils, the
assumption that external tunnelling is an accurate
representation of the more important internal
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rhizome damage by weevil larvae is taken as a
fact, There is no established basis for this
assumption.

In spite of recognized shortcomings (7), the
PCT is used extensively in weevil assessment. A
1987 workshop on the weevil problem in Africa
(1), for example, recommended the use of
“Vilardebo’s Coefficient of Infestation to obtain
quantified ‘data on weevil occurrence and
damage”. The general acceptance of the PCI is
most likely due to the ease with which it can be
applied, and to the fact that it converts otherwise
highly variable counts of weevil tunnelling points
into percentages that are easy to compare. More
importantly, perhaps, is the fact that it serves as
a convenient measure of banana infestation and
damage by weevils, parameters that are otherwise
impossible to compare without destroying the
plant. However, to what extent does the PCI
constitute a measure of weevil “occurrence” and/
or banana damage?

Clearly, many factors influence the
relationship between surface tunnelling and
rhizome damage by weevils: (i) rhizome
resistance (hardness etc.) may limit the extent of
internal damage but enhance the level of surface
probe. In a susceptible cultivar, the reverse may
be true. (ii) initial tunnelling points may
subsequently serve as main points for egg
deposition and entry/exit of weevils, thus masking
the true extent of rhizome infestation and damage.
(iii) rhizome size may influence the extent of
internal damage for a given population of weevils.
(iv) environmental factors such as mulching, soil
type and drought may influence weevil behaviour
and the distribution of entry/exit points. These
relationships have not been evaluated. To what
extent, therefore, can the PCI be effectively
applied for weevil assessment under conditions
of extreme banana diversity obtained in Uganda
and other parts of East Africa?

MATERIAI.S AND METHODS

Study site. The study was based on field
experiments conducted at Makerere University
Agricultural Research Institute, Kabanyolo,
located about 10 km north of Kampala, and
destructive sampling of bananas in Mpigi and

Masaka districts of Central Uganda during the
rainy seasons of 1991. This region experiences
bimodal rainfall; the main rains occur from March
to June while the short rains fall between
September to December. Sampling was carried
out in fields where the main cultivars grown, the
East African Highland cooking types Matooke
(AAA-EA), was interplanted with plantains
(AAB), Gros Michel (AAA), Lady’s Finger (AB),
Bluggoe (AB) or beer types (AAA-EA or ABB).

Pseudostem trapping of weevils. The extent to
which trap size, duration of trapping and soil
moisture levels influence pseudostem trap catches
of C. sordidus was assessed. Adult weevils were
trapped from the East African highland cooking
bananas, these being the most susceptible
cultivars, in the country. Half piece traps were
made from Matooke pseudostems split lengthwise
and laid singly in mats showing visible signs of
weevil infestation.

To assess the effect of trap size, pseudostem
traps of 5, 15, 25, 35, 45 cm lengths were set
against banana plants either lengthwise, with one
cutend placed against sample plants, or crosswise,
being placed sideways against the plants. Traps
were set in four replicates, between 1800 and
1900 hr, and checked after 36 hr.

The influence of duration of trapping on
weevil catches was evaluated by setting 25 cm
long traps crosswise against fruiting banana plants
and determining weevil catches over a 168 hr
period. 150 traps were randomly set in batches
of ten; one batch was checked every 12 hr, while
the others were checked only once, 12, 24, 36,
48, 60,72, 84, 96, 108, 120, 144, 156 and 168 hr
after setting. The trial was repeated two times.

Soil moisture level is probably the single
most important environmental variable whose

- daily and seasonal fluctuations may directly affect

weevil trap catches. In the dry period of June
1991, 20 weevil infested banana mats were
selected, ten of which were watered to field
capacity, between 1800 and 1830 hr, just before
trap setting. Traps were laid singly against late
vegetative or fruiting plants, and the number of
weevils caught recorded after 36 hr. The trial
was repeated ten times.
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Relationship of PCI to rhizome damage. In
this assessment, fields with mixed banana types
were preferred. Plants from a total of 50 mats of
the cooking, Matooke (AAA-EA); beer, Kayinja
(ABB); dessert, Ndizi — Lady’s Finger (AB);
Bogoya — Gros Michel (AAA) bananas, and
“False-horn” plantains (AAB), were sampled.
Single 25 cm-long half-piece pseudostem traps
were set against all plants in the evening and the
number of adult weevils recorded after 36 hr.
Template PCI readings, plus the actual number
of tunnelling points, were recorded for each plant.
The plants were uprooted and whole rhizomes
pared. The rhizomes were then cut length-wise,
and cross-sectionally at the crown and mid-length,
and tunnel numbers as well as the percent rhizome
damage established. Determination was made
of the relationships between weevil trap catches,
number of tunnelling points and actual rhizome
damage by weevils for plants in the late vegetative
and fruiting stages.

RESULTS

Pscudostem trapping of weevils. Catches of C.
sordidus adults increased with trap length (Table
1). For traps placed crosswise, weevil catches
increased with increase in trap length, with
catches in traps of 5-25 cm length being
significantly different from each other and,
except for the 25 cm trap, significantly fewer
than for the 45 cm trap. For traps placed length-

TABLE 1. Trap catches (means + S.E.) of C.
sordidus (adults/5 traps) as influenced by length
and placement of half-piece pseudostem traps

Trap Length- Cross- Overall
length (cm)  wise wise means
5 44 +04a 25+05a 3.0
15 8.4+05b 7.1+£0.9b 7.8
25 78+08b 118+06cd 9.7
35 8.1+08b 220+06d 10.1
45 80+03b 232+05d 108
Overall 7.3 9.3
mean

LSD(0.05) between trap placement means = 2.6
weevils.

wise, there were no significant increases in the
number of weevils trapped with increase in trap
lengths beyond 15 cm.

The number of C. sordidus adults caught in
traps increased significantly up to 60 hr after
setting, with a minor increase up to 96 hr, before
declining (Fig. 1). Optimum duration of trap
setting was 2.3-4.0 days. Watering of mats before
trap setting significantly increased trap occupancy
and weevil catches during dry periods (Table 2).

Relationship of PCI to rhizome damage. There
were wide variations in overall correlations
between the PCI scores and parameters of weevil
infestation and banana damage when data for all

O No. of woeevils caught
-~ % successiul traps

% successful traps
No of weevils caughtarap

REEEES

Durstion of trapping (hrs)

Fig. 1. Variation in number of C. sordidus caught
per trap and percent trap occupancy when
pseudostem traps were set for durations of 1210
168 hours.

TABLE 2. Pseudostem trap catches (means +
S.E.) of Cosmopolites sordidus adults from dry
and watered stools

Watered  Dry LSD (0.05) -
Weevilsfirap 3.3+t04 2.0+02 1.5
% trap
occupancy 68.3+64 347148 16.0
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TABLE 3. Coefficients for overall correlations between

bananas and plantains

35

parameters of weevil infestation and damage of

Sample parameters 1

1. Pseudostem trap catches 1.00
2. No. of tunnelling points (surface) 0.38
3. Template estimate of PCI 0.27
4. No. of tunnelling points (X-section)  0.08
5. % Damage (X-section) 0.05
6. No. of tunnelling points (L-section)  0.41
7. % damage (L-section) 0.28
8. % X-section damage (mid-corm) 0.22

2 3 4 5 6 7 8
1.00

0.83 1.00

071 070 1.00

047 054 0.76 1.00

0.72 067 066 061 1.00

066 068 081t 085 089 1.00
062 068 0.78 082 085 036 1.00

TABLE 4. Variation in surface(S) and cross-sectional {CS) tunnet points and internal and mid-

corm cross-sectional and longitudinal (LS) da

mage by C. sordidus among five major banana

types

Banana Trap Tunnel Tunnel Percentage damage

types catches point(S) point(CS) CS LS

Kayinja 09101 6617 1.2+0.3 27104 32+04

Matooke 1.8+01 228+34 50+06 318142 342+51

Ndizi 261302 252+35 1.8+0.4 45+12 75+0.4

Bogoya 05+0.1 52120 1.1+0.2 1.610.5 07104

Plantains 25102 225+4.1 4003 107113 135+26 .
banana types were pooled (Table 3).The PCI DISCUSSION

readings were poorly correlated with the number
of weevils trapped (r= 0.27), and percent cross-
sectional rhizome damage (r=0.54). Correlation
between PCI and the other damage parameters
were similar (r range 6.7-7.0), suggesting that
any of the parameters could be used to index
rhizome damage.

The correlation between PCI scores and the
actual counts of external tunnel points from which
they were derived (r=0.83) was not as high as
expected (Table 3). Furthermore, great variations
in the relationship between the number of external
tunnel points and internal rhizome damage were
obtained when the data for the major banana
types were separately analyzed (Table 4). For
instance, while the number of external tunnel
points for Matooke (AAA-EA), Ndizi (AB), and
plantains (AAB) were 22.8, 25.2, 22.5,
respectively, the corresponding internal
longitudinal rhizome damage averaged 31.8,4.5,
and 10.7%.

In the present study, weevil trap catches varied
widely in relation to the various faciors tested.
On the basis of the total number of weevils caught
per trap, longer half-piece traps placed cross-
wise are certainly to be preferred, as reflected in
the recommendations by Hord er al. (4) and
Mitchell (7). However, this may not necessarily
be the ideal strategy.

Firstly, in terms of efficient use of trap
material, the 15 cm half piece traps placed length-
wise, or 25 c¢m traps placed cross-wise seemed
ideal as they gave the highest catch per unit
length-of trap (Table 1). Secondly, because they
extended to different plants in a mat, longer traps
probably attracted borers from plants other than
those against which they were placed. The number
of weevils caught in these traps were therefore
strongly influenced by the number, position and
infestation levels of other plants in a mat. In any
case, if mat infestation was being assessed, many
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15-25 cm traps would provide a more accurate
assessment of weevil numbers than pairs of 45
cm length.

Similarly, significant variations in the
number of weevils caught were obtained when
traps were set between 1800 and 1830 hr, and
checked every 12 hr over seven days (Fig. 1).
Trap occupancy reached a maximum level 60 hr
after setting, while highest number of weevils
were caught 60-96 hr after trap setting. A
significant decline in the number of weevils found
in the traps occurred after the fourth day. There
seems therefore to be no justification for traps

being inspected 6-7 days after setting as is

commonly recommended. ~

By wetting the mats before trap setting during
the dry season, dramatic increases in percentage
trap occupancy and the number of weevils caught
occurred (Table 2). Available trapping studies
(7: 10) make no reference to soil moisture
conditions or watering of stools before trap
setting. It is likely that difference in trap catches
due to environmental variables have been
mistaken for true dynarnics of weevil populations.

Amongst the major banana types grown in
Uganda, there are marked differences in the
relationship between PCI scores and parameters
of external and internal thizome damage. For
instance, although Matooke (AAA-EA cooking)
and Ndizi (AB Lady’s Finger) had 22.8 and 25.2
tunnelling points, respectively, various measures
for internal rhizome damage ranged from 20.3 to
34.29% for Matooke, but only 2.4 to 7.5 for Ndizi
(Table 4). For the latter, the PCI led to a gross
misrepresentation of banana infestation and
rhizome damage. ‘ ' ,

The present study highlights major
difficulties related to the use of trapping and PCI
methods for the assessment of weevil infestation
and damage on-bananas. The many questions
raised emphasize the extent to which basic studies
are needed to streamline and develop these
methods as research and management tools. An
efficient and well established trapping procedure

is potentially important for (i) quick monitoring

of weevil populations, (ii) direct weevil control,
and (iii) delivery of chemical and microbial
control agents. Detailed definition of trap
characteristics and trapping conditions that ensure
efficiency and reliability of the pseudostem trap

are therefore needed.

The study also showed that the estimation of
banana damage by weevils using the PCI method
as previously recommended may lead to gross
errors due to variation in the relationships between
the PCI and specific measure of internal thizome
damage among the various banana types and
cultivars, and probably under different
management and ecological conditions. For each
situation, therefore, the actual relationship
between PCI and banana damage should first be
verified.
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