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3. EXECUTIVE SUMMARY:

The project was designed to study in depth the factors governing the outbreaks of the
whitefly Bemisia tabaci on cassava in Uganda, especially in relation to new, virus-
resistant, varieties. It was carried out in Uganda by the co-principal investigators,
Prof. Kyamanyawa and Dr. Legg, and two students, one within his Ph.D. program and
the other, his M.Sc. program. The preliminary idea was that these studies would
enable us to manipulate the frequent association of cassava with sweet potatoes and to
exploit the fact that both these crop support the same species: Bemisia tabaci, but of
different biotypes, in which the whiteflies of one crop does not attack the other which
they both share the same species of natural enemies. Thus, our studies in Uganda
included surveying the whitefly and natural enemies in the fields, studying their
relationships with cassava varieties and details of their life histories and behaviors and
examining the possibilities of intercropping sweet potatoes and cassava for the
purpose of having natural enemies of the former move on to the latter. Concurrently,
the studies in Israel were designed to determine the technical details necessary for
optimizing banker plant technology in our case, such as the relative attraction of
cassava varieties to the whitefly and its natural enemies and the distances traveled by
the parasitoids from a release plant. The studies in Uganda involved both field and
laboratory work; In the field, we surveyed the pest and natural enemy situation and



conducted detailed studies of population dynamics. In the lab behavioral observations
utilizing event recording and its computerized analysis were carried out.

The studies resulted in the conclusion that the intercropping of cassava with sweet
potatoes would not be beneficial, since: 1. the former bear too small populations of
whiteflies to support the necessary natural enemy fauna; and 2. intercropping always
resulted in a significant reduction of the cassava yields. The extensive studies
revealed which parasitoids and predators of B. tabaci exist in Uganda, their roles in
the dynamics of this pest and pointed to the need for adding natural enemies (possibly
parasitoids) if sustainable biological control is to be achieved. The studies in israel
have resulted in a greater understanding of some of the relationships between
whimﬂia,phnmandpamsimids.theydsodemoysmdtheefﬁmymduxﬁﬂm
of the research methods that might and should be used for future plant-insect
relationships. Finally, the training provided to the Ugandan personnel through this
project can be seen as an important investment in the young generation, putting at its
disposal new methodologies and techniques for furthering agricultural research in
Uganda. .

4. RESEARCH OBJECTIVES:

Cassava mosaic virus disease (CMD) is arguably the economically most important
whitefly-borne virus disease in Africa, not least since total annual production of
cassava, at more than 91 million metric tons, is greater than that of any other crop
(FAOQ, 2000). Continent-wide losses due to CMD have been estimated at 15-24% of
total production (Thresh et al., 1997), equivalent to 16-29 million metri¢ fons besed
on 2000 production levels. Furthermore, evidence obtained in recent years suggests
that the situation may be deteriorating still further. In Uganda, in the late 1980s,
reports were made from the north-central part of the country of an unusually severe
form of CMD associated with large populations of B. tsbaci. During the first half of
the 1990s it became apparent that the zone of high incidence of severe CMD and
abundant B. tabaci was ‘moving’ southwardsatameofappmximmdyilhbkmlyr
(Legg and Ogwal, 1998). This pattern of movement seemed to be independent of
agro-ccological environments.

With support from a wide range of both international and local partrers, the national
research system imported, evaluated, multiplied and disseminated in Uganda a series
of CMD resistant varieties. Deployment of host plant resistance is now being



extended to the countries neighboring Uganda through the movement of CMD-
resistant germplasm into these countries using open quarantine systems (Anon, 1999).
Although the varieties have been instrumental in addressing the initial crisis posed by
the CMD problem, two problems with their long-term usage have become apparent.
Firstly, their organoleptic characteristics have yet to match those of traditionally
grown CMD-susceptible cultivars; hence, farmers continue to grow local CMD
diseased material. Secondly, populations of whiteflies have remained high in the so-
called ‘post-epidemic’ zone (now all of Uganda and large areas of western Kenya and
north-western Tanzania). In fact, whitefly population levels are 30-100 times higher
than those recorded prior to the CMD epidemic (Legg, unpublished data), and are
now causing both direct physical damage to cassava plants, and indirect damage
through encouraging sooty mould development, most notably on the CMD-resistant
varieties Nase 4 and Nase 2.

The primary objective of our research, as stated in the proposal for the grant, was to
find ways to exploit the potential of natural enemies for reducing B. tabaci
populations on cassava and through this to reduce physiological damage to cassava
plants and the spread of cassava mosaic virus disease (CMD).

We planned to achieve this goal though following specific objectives:

1. Tdentify the natural enemies of B. tabaci (parasitoids and predators) in Uganda and
determine their contribution to reducing pest populations in different climatic and
agricultural zones of the country.

2. Characterize tritrophic interactions that could favor natural enemies of B. tabaci

3. Assess the control potential and shortcomings of the natural enemies present when
acting on specific cassava varieties through field observations, with the support of
laboratory experiments,

4. Implement biological control of cassava whiteflies in target zones using the
information gained during our study, through enhancement of the agro-g:cological
environment by intercropping and using banker plants and through dep‘loying plant
varieties preferred by natural enemies. The identification of varietal characteristics
preferred by natural enemies will also provide [ITA and national program breeders
with opportunities to incorporate these traits into new germplasm.



5. Train both academic and field-advisory personnel in the newly acquired techniques
and skills, to assure their quick transferal to growers.

To our knowledge, no other scientists are conducting similar research, i.c. research
that is aimed at better utilizations of natural enemy activity. However, other CDR-
supported (and possibly other) projects aim at reducing whitefly damage to cassava.
The CDR-supported projects are: (C22-003) and (C23-013), the first by Prof. Czosnek
“Whitefly-transmitted Geminiviruses Affecting Cassava Production in the Southern
Regions of Africa & Development of Cassava Resistant Lines,” and the second by
Prof. Gafni “Study of the Cassava Mosaic Disease in Ghana: Implications for
Resistance”, .

The innovative aspects include the proposed use of the fact that two B. tabaci
biotypes each specific to one host plant will be used in a way that one will serve as
banker plants for natural enemies attacking the other. Moreover, the use of natural
enemies, to control whiteflies of cassava, although not a novel concept, has never
been attempted before and therefore may be considered novel.

In addition to being supported by USAID-CDR, the project was supported through
salaries, equipment and facilities by Tel Aviv University, ITA and Makerere
University. 1. Tel Aviv University paid for the salary of Prof. Dan Gerling who was
the PI for the project and spent up to 1/3 of his research time on it. It also paid for
the salary of Dr. Moshe Guershon, a principal technical assistant to Prof. Gerling.
Likewise, the PhD. student, Ms. Shirly Sharon, whose salary was covered by the
grant, was assisted in numerous material and equipment needs by the university,
including the use of greenhouses and incubators. IITA... The faculty of agriculture at
Makerere University supported the project through providing supervision to the
student, laboratory facilities and equipment, office space and other necessary
technical assistance during ficld and laboratory studies. The university also
contributed to the day-to-day running of the project and administration of the
finances.



5. METHODS AND RESULTS:

In order to reach our objectives, we embarked on the following series of activities:

1. Survey of field populations of B. tabaci and its enemies on cassava and adjacent
weeds

2. Cataloguing predators of B, tabaci on a cassava mosaic disease resistant variety in
Uganda

3. Life table analysis of mortality factors affecting populations of B, tabaci on
cassava in Uganda.

4. Developmental duration and host-searching and oviposition behavior of the main
parasitoids of B, rabaci in Uganda, Eretmocerus mundus and Encarsia sophia.

5. Biological studies {development duration, effect of leaf characteristics and prey
consumption rate) of the coccinellid Serangfum sl')., a predator of B. tabaci on cassava
and its dynamics in relationships to whitefly susceptibility of cassava varieties.

6. The whitefly and parasitoids dynamics were examined under an intercropping
regime of cassava and sweetpotato.

7. Plant-whitefly-parasitoid relationship studies as a basis for effective intercropping
and banker plant technology implementation.

Once it has been shown that sweetpotatoes are probably not suitable to serve as
banker plants for the natural enemies of B. tabaci on account of the low levels of the
pest and its parasitoids occurring on these plants, we branched off and intensified
other studies, aimed at studying the potential and shortcomings of other natural
enemies.

In order to assure maximal efficacy of the training obtained by local Ugandan
personnel, we carried out all of the experiments directly associated with cassava and
its ecosystem in Uganda. The role of research in Israel was to render support in
solving basic scientific questions and in furnishing the training and support for the
Ugandan students. Some of the work has been submitted in papers to scientific
journals and others have been presented as lectures at scientific meetings. These will
be summarized herein and the full publications or lecture abstracts are appended to
this report. The still unpublished work is presented here as requested by CDR.



5.1 Survey of the natura] enemies.
The preliminary work done on this subject by Otim ez al (2005) before the present
project was started, was supplemented with a study of the incidence of B. fabaci on
cassava and associated weeds, abundance of its parasitoids and predators, and
incidence of parasitism A manuscript titled "Field populations of B. tabaci and its
natural enemies on cassava, cassava component crops and weeds” has been prepared
and the draft is attached. The main findings are summarized in the following abstract:
Monthly visit were made from November 2003 to December 2004 to Bukisa
(Masindi district), Busukuma (Wakiso district) and Kyantonder (Rakai district) to
assess the level of infestation of whitefly and its natural enemies on cassava, crops
intercropped with cassava, and weeds within and around cassava files on crops. Three
parasitoids species were recorded; Eretmocerus mundus, Encarsia sophia and an
undescribed, black headed species of Encarsia (all Hymenoptera: Aphelinidae) at all
locations. E. mundus was the most abundant, followed by E. sophia and the relatively
rare black-headed Encarsia in all the locations. Parasitism was highest at Busukuma
(41.7%), flowed by Bulisa (37.2%) and Lyantonde (32.2%). Parasitoids were also
recorded from sweet potatoes, Commelina sp., Melhania sp., Bidens sp., and
Euphorbia sp. Predators of B. tabaci recorded on cassava included: ants, predatory
beetles, spiders, lacewings, hoverfly larvae and its predatory bugs. No component
crops or weeds harbored high populations of whitefly and its natural enemics. The
paper discusses the implications of the finings on the management of B. tabaci on

cassava.

A field experiment was set up at Namulonge Agricultural and Animal Production
Research Institute (NAARI) to determine the predators of Bemisia tabaci occurring
on cassava. Two field trials were set up consisting of small uniform plantings of the
virus-resistant variety Nase 4. These trials were set up during different rainfall
regimes, with triat one planted during the dry season (August 2003) such that peak
growth occurred during the wet season and trial two during the rainy season
{November 2003) such that peak growth occurred during the dry season. The trials
each consisted of a single 10m by 10m plot with cassava plants spaced at Im
intervals.



At 3 MAP (month after planting), ten plants were randomly selected from the
trial plot. Each plant was then observed from the top to bottom including all leaves
(both the top and underside), petioles and the stem. A count of every known whitefly
predator present was made. The number of leaves on the plant was also counted to
obtain a correlation between predator numbers and number of leaves on the plant.
Data were collected once a week for a period of six months, i.e. from 3-8 MAP which
is the active growth period of cassava and also the period when B. tabaci populations
are highest. Each plant was sampled once and was only sampled again when all the
plants in a particular trial had been sampled. This gave an average of two samplings
per plant over the 6 month trial period, with a 10 week interval for each plant between
samplings. All suspected predators were collected, taken to the laboratory and put in a
petri dish with a single predator specimen and a moist filter paper on which a cassava
leaf bearing whitefly eggs and nymphs was placed. Prior to introduction into the dish,
the leaf was examined and the numbers of eggs and nymphs upon it were noted. The
dishes were examined daily to determine whether feeding had occurred.

Results showed that six taxa of predators are found on cassava; spiders, ants, syrphid
larvae, Serangium sp. larvae and adults, and syrphid larvae. The most abundant
predators across both trials were Serangium larvae and adults. In both trials, predator
numbers generally increased as the number of leaves on the plant increased. Highest
predator numbers were observed in plants with over 100 leaves followed by plants
with 51-75 leaves, while the least occurred on plants with 25 leaves or less.

5.3 Life-table analysis of mortality factors affecting populations of B. tabaci on
cassava in Uganda :

A manuscript entitled: “Life table analysis of mortality factors affecting populations

of Bemisia tabaci on cassava in Uganda” was accepted for publication by a peer-
reviewed journal {Entomologia experimentalis et Applicata), a copy is attached. The
following constitutes an abstract of the findings:

A study was set up to determine the sources and rates of mortality of Bemisia
tabaci on field grown cassava in Uganda. Using a cohort based approach, daily direct
observations were used to construct partial life tables for twelve generations of egg
and nymph populations that were studied over a one year period. Mortality was
categorized as due to dislodgement, predation, parasitism (for nymphs only),
unknown death and inviability (for eggs only). Highest mean rates of mortality in the
egg population was attributed to dislodgement with predation and inviability



following respectively while in the nymphs, highest mortality rates were attributed to
dislodgement followed by parasitism, predation and least due to unknown death
causes. Highest mean levels of mortality among the nymphal instars were observed in
the fourth instars followed by first, second and third instars respectively. Generally
high mean survival (52.5%) was observed in the egg generations while in the nymphs
mean survival was low with only 5.78% making it to adulthood. Key factor analysis
revealed that the major factor contributing to generational mortality in the eggs were
unknown causes while in the nymphs major mortality was dues to parasitism. Highest
irreplaceable mortality in both the egg and nymph generations was attributed to
dislodgement. This was followed by predation for the eggs, while for the nmymphs
parasitism, predation and unknown death in declmmg order of importance followed
dislodgement. Direct density dependence of mortality factors varied with stage of
growth with inviability, unknown death, dislodgement and predation showing
relationships with eggs, second, third and fourth instars respectively. Manipulative
experiments revealed high rates of mortality due to dislodgement and minor levels of
natural enemy induced mortality. There was higher egg survival in the manipulative
experiments but little variation in nymph survival, with the open field study.
5.4 Developmental duration, host searching and oviposition behavio

itoids of B. tabaci in U Eretmocerus mundus id $0
A manuscript named “Development duration, longevity and fertility of Erefmocerus
mundus Mercet, and Encarsia sophia Girault and Dodd on Bemisia tabaci attacking
cassava” has been prepared and the draft is attached. The main findings are
summarized in the following abstract:
Eretmocerus mundus Mercet and Encarsia sophia Girault and Dodd (all
Hymenoptera: Aphelinidae) are the most abundant parasitoid species attacking
Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) on cassava in Uganda.
However, there are no studies of their life history parameters. This study therefore
aimed at providing the first information on the development duration, longevity and
fertility of these parasitoids on cassava, Manihot esculenta Crantz under laboratory
conditions. The initial egg count on emergence averaged 35 £ 1.54 (mean + SEM) and
3 £ 0.22 eggs per female for E. mundus and E. sophia, respectively. The egg-to-adult
development duration of E. mundus was 19.6 + 0.1 days and for E. sophic was 174+
0.1 days. There was no significant difference between the development duration of
females (19.7 + 0.1 days) and males (19.6 + 0.1 days) of E. mundus, whilst the




females of E. sophia developed ca. two days earlier than their male counterparts.
Mean longevity when provided with honey was 5.4 days for E. mundus and 6.6 days
for E. sophia, whilst the corresponding values, when females were provided with
hosts, averaged 5.5 days and 11.3 days, respectively. Average progeny production
averaged 25.6 offspring for E. mundus and 16.5 for E. sophia. The net reproductive
rate of E. mundus was 13.1 as opposed to 15.5 for E. sophia. The intrinsic rate of
increase was 0.1 for E. mundus and 0.105 for E. sophia. Mean generation times were
24.9 and 26.2 days for E. mundus and E. sophia, respectively. The results suggest that
E. mundus is the most suitable candidate for high B. tabaci population control, whilst
E. sophia may be effective under low B. tabaci populations. The data collected may
be of use in the future should parasitoids be imported for control of B. tabaci on
cassava. -

5.5 Biological studies (development duration. effect of leaf characteristics and prey
consumption rate) of the coccinellid Serangium sp.. a or of B, tabaci on
cassava, and jts dynamics in relation to cassava varieties susceptibility to whitefly.
These studies were written up as manuscript entitled: Evaluation of Serangium n. sp.
(coleoptera: coccinellidae), a predator of Bemisia tabaci (homoptera: aleyrodidae) on
cassava’, and accepted pending by the Journal of Applied Entomology. A copy is
attached. The following is the abstract of the findings:

The potential of a new, previously unidentified Serangium species (Coleoptera:
Coccinellidae) to control the high Bemisia tabaci (Gennadius) (Homoptera:
Aleyrodidae) populations on cassava was evaluated. Field and laboratory studies were
carried out to determine the abundance and feeding capacity of this Serangium species
feeding on B. tabaci on cassava. Serangium nymphs and adults were most abundant in
cassava fields late in the season, rising sharply from 5 months after planting (MAP) to
a peak at 7-8 MAP. Preimaginal development averaged 21.2 days and was longest in
eggs and shortest in the L; instar. Mean total prey consumption of immature
Serangium increased with stage of development, with the lowest consumption in the
L, instar and highest in the L, instar. Mean daily consumption was lowest on the first
day after hatching in the L, instar and rose to a peak on the 13" day after hatching in
the L, instar. Each Serangium larva consumed a mean of over 1000 nymphs during its
entire development. These results have demonstrated the potential of this Serangium

species to control B. tabaci populations on cassava.
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Fig 1. Overall results of the intercroppihg e:éperiment showing total organisms

registered in each of the experimental setups. Inter= interplanted sole = sole cassava
pz = parasitoids and pd= predators. Numbers (-8 refer to the interval between
planting of sweet potatoes and cassava.

5.7 Plant-whitefly-parasitoid relationship studies.

These studies which were conducted in Israel, are reported here on a chronological
basis since all constitute a continuous effort around the same topic.

First Year

a. Setup of plant and insects cultures

a.l. Plants: rtatio ture and establishment of cassava rearin tissue
culture and preliminary tests of infestation.

Plants of the varieties Ebwanateraka and SS4 (the latter being resistant to viral
diseases and the former not) were imported as tissue cultures from Uganda in
February 2003. They were hardened and planted in a secluded and closed greenhouse
in Isracl. Thereafier, and after having been tested and found free of diseases by the
Plant Protection and Inspection Service in Israel, the plants were released and grown
for experimental purposes. .

Plants were kept in a greenhouse room and populated with numerous adults of B.
tabaci from our culture that was reared on cabbage. This was done repeatedly for
several months. Initially none of the whiteflies laid eggs on the cassava and usually

lived for a few days only. Later, some oviposition was obtained on young cassava



foliage. Following this experience, we decided to try two alternative approaches. 1.
to concentrate out efforts on working with sweet potatoes; and 2. to establish a culture
of whiteflies on cassava by using cassava grown whiteflies for reinfestation of the
same plants.

a2, : Devel of B. ¢ i on sweet

The purpose of the studies with sweet potatoes was to determine the suitability of the
plants to serve as intercropping hosts for the cassava culture in Africa. The questions
asked included: Are the plants themselves attractive to the parasitoids? Will
parasitoids that have developed on sweetpotato-infesting whiteflies readily leave the
plants so they can be used for banker plants in the intercropping with cassava? Are
there any steps that we should take in order to have the parasitoids move more
effectively from one plant species to the next? What levels of swectpotato infestation
do we need to obtain in order to make this system work effectively?

In order to study these parameters we first determined the developmental duration of
the whiteflies on sweet potato; plants were grown in the greenhouse and kept in a
temperature cabinet at 28+ 2°C . Their development was followed from oviposition
to adult emergence and was found to range between about 20 to 27 days.

. Additional topics: Importing th pandan parasitoids IMOC

Parasitoids were hand-carried to Israel and placed in quarantine on local cabbage
plants infested with B. tabaci. In spite of the large numbers of parasitoids used and
the repeated introduction of these onto the plants, we were unable to establish a
culture of any of the parasitoid species upon the whiteflies. We obtained a small
culture after one generation, but that also died out and no sccond gencration was
successfully established. Therefore, pending further introductions we decided to start
working with the local E. mundus and E. sophia, which are akin those in Uganda (if
not conspecific).

Predators were not imported since: 1. work on the existing insects was too intensive
and 2. the Conwenzia sp. that we intended to import became a rare insect in Uganda.
A final attemnpt to collect additional Conwenzia was made in the spring of 1996 but
did not result in the establishment of a culture.

Second Year:

a. Attraction studies

Experiments included:



i. Attraction of B. tabaci to sweet potato vs. cassava (Ebwanatereka [=tereka])

ii. Attraction of E. mundus to sweet potato vs cassava (tereka) and to sweet potato vs.
cssava (SS4).

Methods: A 4 arms olfactometer was used (with two arms closed). Each arm was
connected to a vacuum pump and to three bottles. The first held water to retain
humidity; the second heid the tested leaf (sweet potato or cassava); and the third was
used as a trap to catch the foraging wasp or the whitefly see diagram in (Vet....)
Results: More individuals of both B. tabaci and E. mundus were found on the Tereka
variety of cassava than on the sweet potato (Fig. 2&3), whereas no difference was
found in the numbers of E. mundus individuals using SS4 and Tereka (Fig 4).
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Figure 2: Number of B. rabaci attracted to cassava (tereka) vs. sweetpotato.
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Figure 3: Number of E. mundus attracted 1o cassava (tereka) vs. sweetpotato.
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Figure 4: Number of E. mundus attracted to cassava (SS,) vs. sweetpotato.



b. Landing preference of B. iabaci on cassava: tereka vs. SS

Methods: In order to determine which cassava variety (tereka vs $S4) is preferred for
landing by B. tabaci adults, two leaves were each placed in a separate vial with water
in a tall cylinder and ca. 200 B. tabaci adults were released into the top of the
cylinder. The number of whitefly adults on each plant was at 10 minute intervals.
Results: As time progressed the mumber of B. tabaci slowly dropped until it had
steadied after an hour. Fewer B. tabaci landed on the SS4 than on the tereka (fig. 5).
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Figure 5: Number of B. tabaci landing on SS, vs. ET (tereka) leaves every 10 minutes
for a period of two hours.

c. Oviposition preference of B. tabaci on sweet potato leaves of different ages
Methods: Leaves on a branch were classified by age as follows: the oldest, bottom
leaf, was numbered 1 while the iop, youngest leaf was marked 5 or 6 (according to the
number of leaves per branch). All branches were kept in water and were exposed to
whitefly adults for 48 hours, after which the adults were removed using an aspirator.
Whitefly eggs and nymphs were counted every two-four days on each leaf.
Results: B. tabaci laid on leaves 4 and 5/6 from the bottom [i.c. the topmost and
second leaves from the top, (Figure 6)).
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Figure 6: Number of eggs per leaf after 4 days of exposure to B. tabaci adults.

d. Developmental time of B. fabaci stages on sweet potato leaves of different ages.
Methods: Developmental time of the different B. rabaci stages on sweet potato leaves
was examined by counting the numbers of e;ach stage every two days. We checked
and compared leaves of different ages on two populations of sweet potato: our field
population, and a virus free population obtained from tissue culture through the
courtesy of Rosh Hanikra Industries, Israel. )

Results:

We found some differences in the oviposition patterns between the two sweet potato
variants (figures 6 and 7). Differences in development duration and survival were
found between the leaves of single branches (different leaf ages). However this
difference was strongly heterogenous between branches which made their analysis
difficult (figures 7 and 8).
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Figure 7: Number of eggs on virus-free leaves after 4 days of exposure to B. tabaci
adults.
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Figure 8: Number of diffcrent stages 8 days after oviposition by B. tabaci adults on
sweet potatoes obtained from the field

aumbaer of Individuaie
cz88s8838

Figure 9: Number of different stages 8 days after oviposition by B. tabaci adults on
sweet potatoes obtained from tissue cultures.

¢. Oviposition preference as function of plant age (sweetpotato).

Methods: Sweetpotato plants of different ages, one month, 2 month and 2.5 month
old, with the same numbers of leaves, were used in order to check the relation
between oviposition of B. tabaci and plant age. The different plants were exposed to
ca. 200 B. tabaci m closed cages.

Results: The number of eggs laid by B. rabaci was higher on the oldest plants (Fig.
10).
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Figure 10: Number of eggs oviposited on sweet potato of different ages

Third Year:

a. Attraction studies

Following the previous year's results on attraction studies, we now added several new
combinations in order to determine preferen;:e by the whitefly and the wasps.
Methods: See methodology on olfactometry described previously (second year).
Results: The following table summarizes all the results on the olfactory tests:

| Organism Odour source I | Odour source IT Results

B. tabaci ET SS4 N.S
ET Sweet potato Attraction to ET
S84 Sweet potato Attraction 1o s.p.
ET Infested ET Attraction to ET

E. mundus ET SS4 Attraction to ET
ET Sweet potato Attraction to ET
SS4 Sweet potato N.S

En. Sophia ET SS4 N.S
S54 Sweet potato Attraction to S.p.
ET Sweet potato Attraction to S.p.

ET=tereka; s.p. = sweet potato

b. Effectiveness of sweet potato as a banker plant for E. sophia.

In order to assess the effectiveness of sweet potato as a banker plant, the activity of
the emerging parasitoids was checked at different distances from the source plant and
under different conditions. Parameters tested included dispersal of adult from the
source plants, and parasitism on plants at different distances without interference
(masking by the closer plants) vs. with interference.

b.1. Dispersal of parasitoids from banker plants.

Methods: Sticky traps were located at different distances from the source plant and
adult parasitoids were counted 3 days after their emergence.



Results: Although a higher number of adults was found on the trap located at 70 cm
from the sweet potato, no significant difference was found between the traps (Fig. 11).
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Figure 11: Adults of E. sophia caught on stcky traps at different distances from a
source plant (average + SE, ANOVA, ns). =

.
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Methods: Four target plants, infested with instar 2-4 B. tabaci nymphs (parasitization
age), were located at different distances from a parasitized sweet potato source plant.
The target plants were located at different angles from the plants to prevent their
masking each other and enabling the parasitoids to have direct access to each at the
different distances. Approx. 10 days later, the whitefly nymphs on the target plants
were checked for signs of parasitization.

Results: Significantly different parasitism was found only between the tested
extremes, 60 cm and 90 cm, being higher at the closer distance (Fig. 12).
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g

Figure 12: Number of whitefly pupac parasitized by E. sophia in target plants at
different distances from source plant without masking interference (average + SE,
ANOVA, *= significantly different)




c. Parasitism at different distances from source plant with masking interfering plants.
Methods: Three target plants were located consecutively at different distances from
the source plant. Parasitism was assessed and compared between the three target
plants. The plants were arranged so that the closer plants masked the more distant
ones from the release source,

Results: A significant difference was found between the plants. The first plant in the
target row was parasitized at a higher level than the two others (Fig. 13) indicating
that masking the more distant plants may have an additional effect to that experienced
by the more frequently parasitized plant seen in experiment a.2.
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Figure 13: Number of whitefly pupae parasitized by En. sophia on target plants at
different distances from source plant while experiencing interference (average + SE,
ANOVA, p<0.01)

d. In order to assess the best combination of banker-target plant we tested the effects
of two other plant characters on parasitization: leaf hairiness and host density. As
known from the literature, these parameters may influence the optimal application of
the biocontrol agent for both the banker and target plants.

d.1 Influence of leaf hairiness on parasitism

Methods: Eight cabbage plants, 4 glabrous and 4 artificially haired, were exposed to
whitefly adults for oviposition. The artificial layer of hairs was produced on glabrous
cabbage lcaves by spreading finely cut lint fiber on the surface of the leaves using a
delicate brush. After reaching third instar the plants were located around a sweet
potato plant carrying parasitized nymphs in alternated positions. Numbers of
parasitized nymphs in the different cabbage plants were counted.

Results: Parasitism was significantly higher on the non-hairy plants.
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Figure 14: Number of whitefly pupae parasitized by £ sophia in target plants with
different leave hairiness (average + SE, t-test, p<0.01)

d.2. Relstion of host density to parasitism.

Methods: Sweet potato leaves infested with B. rabaci nymphs at different density
levels (nymphs per leaf) were exposed to females of Encarsia sophia for 24 hrs. The
number of parasitized nymphs reaching the pupac stage was counted. Following
earlier studies by Gerling and Fried (1997) and Shimron et al 1992 we used low
numbers of B. tabaci on the leaves in the knowiedge that usually no numesical
response is observed at high densities.

Results: no relationship was found between the host density value and the fraction of
it that was parasitized (fluctuating around 40 + 10% the regression line formula was
y=-0.0035x + 0.4134; R>=0.0111).

Discussion of the relationship studies:

Our goal was to use a series of laboratory and field methods in order to establish
criteria that would help in assessing the suitability of plants as banker plants.

The laboratory methods were behavioral: measuring the relative attraction of the
whiteflics and their parasitoids to infested and uninfested plants (both banker plants
and cassava), assuming that the findings would also indicate the trends that occur in
the field. Since we were not successful in rearing large numbers of the whitefly
biotype which occurs in Israel on the cassava, we conducted our studies on sweet
potatoes as a banker plant and cabbage as the main crop — the latter was chosen since,
similar to cassava, it is a host to abundant whitefly populations.

Consequently, the laboratory results, which did indicate definite differences between
the plants, (whether infested or not by the tested organisms), could not be used in the
field, but did offer an appropriate test of the methodology that could be used for



determining‘ plant suitability to the pest and its natural enemies, and therefore provide
a suitable tool for plant breeders.

The tests also included examination of the oviposition pattern of the whiteflies on
sweet potatoes and showed that B. tabaci laid the most eggs on the topmost and
second leaves from the top. Moreover, different oviposition patterns were found on
field and tissue culture reared sweetpotatoes. Although these findings are not of use
in themselves, they do indicate that caution must be exercised when making
generalizations about whitefly behavior.

Testing parasitism, we found, as expected, that the closer the plants were to the
parasitoid source, the higher the percentage. However, it appears that two effects play
a role here: the proximity to the source, and the masking of the more distant plants by
the closer ones. Thus certain crop heights and planting patterns might be more
beneficial or less so to parasitoid dispersal.

6. IMPACT RELEVANCE AND TECHNOLOGY TRANSFER

We interacted with Makerere University, undertaking the formal training of two
students, Mr. Otim for his Ph.D. and Mr. Assimwe for his M.Sc. studies as well as the
training of numerous technical workers. The studies in Uganda, all of which were
carried out by local personnel, included learning the most up-to-date technology,
involving behavioral and ecological field and laboratory studies. These and the
courses taught voluntarily by Prof. Gerling at Makerere university all brought about
an extensive transfer of knowledge and methodology pertaining to pest management
in its most modern and sophisticated form. The results of these efforts can already be
seen in the resent employment of Mr. Otim as an entomologist for the National
Agricultural Research Organization in Uganda, and have also enabled Mr. Assimwe
to apply for his Ph.D. studies. As mentioned in the ‘future studies’ section, the
information and technologies gained in our research may form the basis for eventual
new directions in plant-breeding processes, pending financial investment and
experimentation with more cassava varieties and whitefly and enemy-related traits.



7. PROJECT ACTIVITIES/OUTPUTS

Scientific Meetings
Meeting Venue dates participants Papers
presented

Sixth African Crop | Nairobi | 12-17 Otim, Legg 1,2
Science Society | Kenya October

conference 2003

3"international Barcelona | 17-20 Gerling, Legg, | 3.4.5
Bemisia workshop Spain March 2003 | Otim

Second intemnational | Cavtat, | 5-9 October | Gerling, Legg, |6
whitefly workshop Croatia 2004 Asiimwe

Meeting of the Israel | Bet Sept 2005 | Gerling, 7

: Entomological society | Dagan Guershon,

Israel Sharon

Seventh African Crop | Entebbe | 5-9 Gerling, Legg, | 8,9,10,11
~ Science Society ]Uganda December ‘| Otim, Asiimwe
. conference 2005 |

1.0tim, M.H_, Legg, J.P., Kyamanywa, S. and Gerling, D. (2003) Occurrence of
parasitoids of Bemisia tabaci on cassava in Africa: A review. .Abstract. Sixth African
Crop Science Society conference. 12-17 October, Nairobi, Kenya

2.Semaganda, R., Legg, J. P., Gerling, D., Kyamanywa S. and Adipala, E. (2003).
Augmmungﬂlcacuvnyof&mummpamsmdsoncassavabymtﬂ'croppmg
cassava with sweet potato. Abstract. Sixth African Crop Science Society conference.
12-17 October, Nairobi, Kenya

3. Legg, J.P.,, Otim, M., Owor, B., Ntawuruhunga, P., Ndyetabura, L., Obiero, H.,
Kyamanywa, S., Colvin, J., Gerling, D. 2003. Managing cassava mosaic
geminiviruses and their Bemisia tabaci vector in Africa: current practice and future
opportunities. 3rd International Bemisia Workshop, 17-20 March, Barcelona, Spain.
Abstract. p131

4. Otim, M., Legg, J.P., Kyamanywa, S., Polaszek, A., Gerling, D. 2003. Potential for
biological control of the whitefly, Bemisia tabaci, vector of cassava mosaic
geminiviruses using parasitoids in Uganda. 3rd International Bemisia Workshop, 17-
20 March, Barcelona, Spain. Abstract. p74.

5. Semaganda, R., Gerling, D., Legg, J.P., Kyamanywa, S., Adipala, E. 2003.
Augmenting the activity of cassava whitefly parasitoids by intercropping cassava with
sweet potato. 3rd International Bemisia Workshop, 17-20 March, Bamelonn. Spain.
Abstract. p39.

6. Asiimwe, P. Ecaat, J.S. Otim, M. Gerling, D. Guershon, M. Kyamanyawa, S. and
Legg, J.P. 2004. Life table analysis of mortality factors affecting populations of
Bemumtabaaonacassavamosmcdxmmst&ntvmetmeganda. P.60

Proceedings, 2™ European whitefly symposium, Cavtat, Croatia




7. Olfactory responses of the parasitoid Eretmocerus mundus (Hymenoptera:
Aphelinidae) and his host Bemisia tabaci to Cassava, S8, and Ebwenatereka variety
and Sweet potato. Shirly Sharon, Moshe Guershon James Legg and Dan Gerling
Annual Conference, Israel Entomological Society, Sept 2005.

8. The influence of foliar pubescence on the searching and oviposition behaviour of
parasitoids of Bemisia tabaci (Gennadius) (Homoperta: Aleyrodidae) on different
cassava Manihot esculenta Crantz Varieties Otim, M., Kyalo, G., Kyamanywa, S.,
Astimwe, P., Legg, J.P., Guerhson, M. and Gerling, D. Seventh African Crop Science
Society conference Kampala, Uganda 5-9 December 2005

9. Mortality factors affecting populations of Bemisia tabaci on cassava in Uganda
Asiimwe, P., Ecaat, J.S., Otim, M., Gerling, D., Guershon, M., Kyamanywa, S. and
Legg, ].P. Seventh African Crop Science Society conference Kampala, Uganda 5-9
December 2005 {received honorary citation- best student lecture).

10. Olfactory responses of the parasitoids Eretmocerus mundus and Encarsia sophia
(Hymenoptera: Aphelinidae) and its host Bemisia tabaci to cassava and sweetpotato
Sharon, S., Guershon, M., Gerling, D. and Legg, J.P. Seventh African Crop Science
Society conference Kampala, Uganda 5-9 December 2005

11. Implications of Biological Sciences for Pest Management, Gerling, D. and Legg,
J.P. Seventh African Crop Science Society conference Kampala, Uganda 5-9
December 2005; invited plenary lecture.

Publications:

Asiimwe, P., Ecaat, J. S., Otim, M., Gerling, D., Guershon, M., Kyamanywa, S. and
Legg, J. P. Evaluation of Serangium n. sp. (coleoptera: coccinellidae), a predator of
Bemisia tabaci (homoptera: aleyrodidae) on cassava. Journal of Applied
Entomology: in press

Asiimwe, P., Ecaat, J. S., Otim, M., Gerling, D., Guershon, M., Kyamanywa, S. and
Legg, J. P. Life table analysis of mortality factors affecting populations of Bemisia
tabaci on cassava in Uganda. Entomologia experimentalis et Applicata: in press



Travel and training of the directly involved personnel:

Trip | Year | Traveler Departure date | Return Comments
# date
1 2003 | Mr. Otim 22 May $ Jun Screenhouse management, sampling methods,
The Observer, litersture semch, parasitoid
dissection
2 2003 | Dr. 28 Oct 04 Nov Experimental designs and analysis, improving
Guershon insect rearing in screenhouse, tutoring of The
Observer’, natural encmies sarvey, collection
and import of parasitoids
3 2004 | Prof. 28 Jan 02 Feb Parasitoid dissection, experimental design and
Gerling analysis, managerial issues
4 2004 | Mr. 11 May 23 May Training in lsborstory and field rearing and
Asiimwe smplmgtedlupu.'[hem perasitoid
5 2004 | Prof ‘20Aug 27 Aug Expu-nnﬁnl design snd  soalysis, guiding
' Getling 1 .| students and supervision
6 2004 Dr.Legg  130ct 14 Oct Managerial issues, experimental design and
supervision
7 2005  Prof. 11 Jan 28 Jan Summarizing achievements, experimental
' to graduate stndemts at Makerore University:
i | behavioral ecology + perasitoids
3 2005 . Prof 6 Sept 19 Sept Tutoring studexsts, supervising cxperiments
9 | 2005  Prof. 2 Dec 13 Dec African Crop Science conference, managerial
1 Gerling
10 | 2006 ' Prof 10 Mar 26 Mar Visit to Dr legg's oew headquarters in Dear 3 |
! . Gerling Salzam. Voluntary lectures to graduste stndents
| at Makerere University: behavioral ecology +
F __perasitoids
11 | 2006 Prof 11 Sept 19 Sept Pmpumofﬁmlmmmm
1 Gerling students at Makerae University:
} ‘ jou-mlclubm
Comments on trip table:

1. The details of the trips funded by the CDR are given in the individual reports.
2. All trips involved detailed discussions of the administrative and scientific
topics of the project as well as surveys of the situation and joint work with the
students on their prospective projects.
3. The trip of March 2006 included a visit to James Legg in his new headquarters
at IITA in Dar es Salaam.

Prof. Gerling and Dr. Guershon were personally engaged in training the technical
personnel and students during each visit in Uganda. In addition, Prof Gerling
volunteered to teach a course in behavioral ecology during March 2005 and 2006. He
also taught a short practical lab course on parasitoid biology in March 2006 and a

journal club discussion course in September 2006.




8. PROJECT PRODUCTIVITY

The original goal of using sweet potatoes as an intercrops by exploiting the fact that
this plant crop harbors B. tabaci but is not severely damaged by it on the one hand,
while harboring natural enemies that may help reduce the pest on cassava on the
other, did not proved to be feasible on two account: 1. the very low whitefly
populations on the sweet potatoes do not support enough enemies to mzke a
difference in the cassava field; and 2. such intercropping has a negative effect on
cassava, lowering the crop production of the latter (see results of the intercropping
experiments above).

The present work nonetheless established at least two important findings: a. a detailed
knowledge of the elements and interrelationships pertaining to the cassava whitefly
situation in Uganda; and b. the suitability pf observational methods for determining
the detailed interrelationships between the plant, whitefly and natural enemies. These
two findings may form the basis for further studies, both on the field conditions
relating to cassava culture, and on ways of lowering their populations through plant
and patural enemy manipulation in the future.

9. FUTURE WORK

Considering the findings listed under “project productivity”, a proposal for a
continuation of the CDR-financed effort was submitted, utilizing these findings for
further development of healthy cassava plantings in East Africa. Due to the
discontinuing of the CDR project, these were not materialized. The plans, which call
for establishing criteria that will enable the cassava breeders to develop plants that are
more suitable for natural enemy activity while being more unfavorable to whifcﬂy
development , can be adopted by any scientific entity.
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Appendices

1. Draft of manuscript: Field populations of Bemisia tabaci and its natural
enemies on cassava, cassava component crops and weeds.

2. Reprint (uncorrected proof): Life-table analysis of mortality factors affecting
populations of Bemisia tabaci on cassava in Uganda.

3. Draft of manuscript: Development dursation, longevity and fertility of
Eretmocerus mundus Mercet, and Encarsia sophia Girault and Dodd on

4. Reprint (uncorrected proof): Evaluation of Serangium n_sp. (Col.,
Coccinellidae), a predator of Bemisia tabaci (Hom., Aleyrodidae) on cassava.
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Abstract

Monthly visits were made from November 2003 to December 2004 to Bulisa
(Masindi district), Busukuma (Wakiso district) and Lyantonde (Rakai district) to
assess the level of infestation of whitefly and its natural enemies on cassava, crops
intercropped with cassava, and weeds within and around cassava fields or crops. The
results showed the occurrence of three parasitoid species; Eretmocerus mundus,
Encarsia sophia and an undescribed black-headed species of Encarsia (all
Hymenoptera: Aphelinidae) at all the locations. Er. mundus was the most abundant
followed by En. sophia, and the relatively rare black-headed Encarsia in all the
locations. Parasitism was highest at Busukuma (41.7%), followed by Bulisa (37.2 %)
and Lyantonde (32.2 %). Parasitoids were also recorded from sweet potato,
Commelina sp., Melhania sp., Bidens sp., ;.nd Euphorbia sp. Predators of B. tabaci
recorded on cassava included: ants, predatory beetles, spiders, lacewings, hoverfly
larvae and predatory bugs. No component crops or weeds harboured high populations
of whitefly and its natural enemies. This paper discusses the implications of the

findings on the management of B. tabaci on cassava.

Introduction: Among the natural enemies of whiteflies, aphelinid parasitoids have,
for a long time, been used in the biological control of whiteflies in agricultural crops.
For instance, Eretmocerus debachi Rose and Rosen has been used to control
Parabemisia myricae (Kuwana) on citrus in California (Rose and Debach, 1992), in
Israel (Swirski e al., 1998) and in Turkey (Sengonca et al., 1998). Similarly,
Encarsia inaron (Walker) has been used to control Siphoninus phillyreae (Haliday) in
the US (Gerling et al., 2004), while E. eremicus Rose and Zolnerowich and
Eretmocerus mundus Mercet are used to control whitefly in greenhouses (Rose and
Zolnerowich, 1997; Hoddle and van Driesche, 1999).

There are numerous reported predators of B. tabaci, but these are often limited to
laboratory observations and qualitative field data (for review see Gerling ef al.
(2001)). Moreover, biological control potential has only been examined with
Delphastus catalinae and Serangium parcesetosum (Coccinellidae), Macrolophus
caliginosus (Miridae), Chrysoperla carnea and C. rufilabris (Chrysopidae) (Gerling
et al., 2001).

For Africa, there are few reports on the natural enemies of B. tabaci on cassava, most
of which give qualitative information (Robertson, 1985; Nyirenda ef al., 1993;
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Fishpool and Burban, 1994; Legg, 1995; Otim, 2002; Otim et al., 2005). Legg (1995)
conducted life table studies in Uganda and found that natural enemies, primarily
parasitoids of the genera Encarsia and Eretmocerus, cause about 50 % montality of B.
tabaci on cassava. Recently, a preliminary survey revealed the occurrence of four
parasitoid species attacking B. tabaci on cassava: Eretmocerus mundus Mercet,
Encarsia sophia Girault and Dodd, an undescribed black-headed Encarsia
(=Encarsia?), and Encarsia 7mineoi and, that the abundance of and parasitisin by both
E. mundus and E. sophia varied between locations, whilst Encarsia? was rarely
observed (Otim, 2002; Otim ef al., 2005). The above studies did not cover predators
of B. tabaci and the possible alternate hosts of B. tabaci. The study reported here was
therefore conducted to assess the abundance of B. abaci and its natural encmies on
mmpsgrowninassociaﬁonwid:ms%avamdweedsinmdmmdmva
crops or fields. The specific objectives were: to assess the level of infestation of
cassava by B. tabaci and its natural epemies in selected districts of Uganda at different
times of the year and ii) to determine whether crops grown in association with cassava
and weeds in and around cassava fields harbour B, tabaci and its natural enemies.

Material and methods

The shidy was conducted in three districts of Uganda, in each district, one sub county
was selected for the survey; these were Bulisa, Lyantonde and Busukuma sub-
counties in Masindi, Rakai and Lyantonde districts, respectively. Each sub-county
was visited once a month for twelve months, except when there was transport problem
(Tablel). In each sub-county, five cassava fields of three to six months old were
sampled to assess the abundance of B. fabaci and its natural enemies (parasitoids and
predators). The cassava age range of three to six months was chosen because that is
when cassava is most susceptible to whitefly attack. From each field, records were
taken on the age of the cassava crop, types of intercrops, their arrangement and ratio,
infestation by B. tabaci and the associated natural enemies. For predator counts, ten
cassava plants were randomly sclected and inspected from top to bottom and the
numbers of each potential predator of B. tabaci were recorded. Spiders were sent to
Dr. AS. Dippenaar-Schoeman of the biosystematics division of Plant Protection
Research Institute, Republic of South Africa, while Coccinellids were sent to the
United States Department of Agriculture for identification.
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For parasitoids, the aforementioned plants were examined and six leaves per piant,
beginning with the first red-eyed nymph-bearing leaf, were picked, put in a cool box,
and taken to the laboratory. While in the laboratory, the leaves were kept in paper
bags at 4 °C until observations could be made. For each cassava leaf, a sub-sample of
three leaflets, which comprised the middle leaflet and next but one leaflets on either
side of the middle leaflet, was picked. Each leaflet was examined for whitefly
presence under a stereoscopic microscope and the numbers of healthy and parasitized
fourth instar nymphs were recorded. In total, eighteen cassava leaflets were observed
per plant. After the observations, leaflets were put in emergence bottles or cages and
kept at room temperature to allow parasitoids to emerge. Emerged parasitoids were
identified using identification guides (Polaszek ef af., 1992, Schauff, et al., 1996 and
Rose and Zolnerowich, 1997) and kept in 709’; ethanol. Samples were sent to Tel
Aviv University to confirm their identity, while voucher specimens were deposited at
Namulonge Agricultural and Animal Production Research Institute.

In order to assess infestation on crops grown in association with cassava, and weeds
within and around cassava fields, twenty of each component crop or weed were
inspected for the presence of whitefly and associated natural enemies. For infestation
on sweetpotato and coffee, two vines per hill or two accessible branches per tree were
randomly selected for inspection. Infestation on bean, cotton and cowpea was
assessed by examining all the leaves of the twenty plants. Similarly, infestation on
weeds was performed by examining ten plants per garden, and an additional ten plants
outside the garden. Where infestations occurred, nymphs and natural enemies were
counted and recorded from all the leaves of the selected plants. Where the weed could
not be identified, a weed plant was picked and taken to the Makerere University
Herbarium for identification. The data on weeds were summed together for both
within garden and outside-the-garden infestation. Data were also collected on relative
humidity, temperature, and rainfall in the different locations and were used to
examine the relationships between B. tabaci and its natural enemies with weather
paramelers.

Data analysis

The data on numbers of nymphs and predators on cassava were subjected to square
root transformation, while that on percent parasitism and relative abundance were
transformed using arcsine square root and analysed using General treatment structure
of Genstat Release 3.2 {Lawes Acricultural Trust — lACR-Rothamsted). Data were
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transformed when the assumptions of normality and homogeneity of variance were
not fulfilled (Mead ez al., 2003). The treatment terms were sub-county and sampling
dates, while the dependent variables were numbers of nymphs and predators, relative
abundance of parasitoids and percent parasitism. Crop age and numbers of nymphs
were used as covariates. Crop age was used as a covariate in the analysis of nymph
numbers, whilst in the analysis of numbers of predators, relative abundance of
parasitoids and percent parasitism, both crop age and numbers of nymphs were used
as covariates. Where the covariates were significant, means were adjusted for
covariates, whereas in cases where the covariate was not significant, unadjusted
means arc presented. Relative abundance was calculated for each parasitoid species
based on the differentiated parasitoids, and expressed as a percentage of the total
number of parasitoids of each species to the total number of differentiated parasitoids.
Parasitism was estimated by expressing the number of parasitized nymphs as a
proportion of total nymphs, which was calculated as a sum of parasitized and
unparasitized nymphs. This method of estimating parasitism was used because it
allows for a bigger number of samples to be handled within a short time, and it was
hypothesized that by sampling fourth instars, most of the parasitized nymphs would
have shown signs of parasitism. All statistical interpretations are based on the
transformed values of the different parameters. Data on whitefly and natural enemy
counts on component crops and weeds are presented as qualitative data because of the
rare occurrences of the insects on both weeds, and crops intercropped with cassava.

Resuits

f B. ion va
The numbers of nymphs of B. tabaci ranged from 0-1581, 0-3375, and 0693 per 18
leaflets at Bulisa, Busukuma and Lyantonde, respectively. The mean numbers of
nymphs varied significantly (p<0.001) between the locations; the highest numbers
occurred at Busukuma (187.9 = 16.4) nymphs per 18 leaflets), followed by Bulisa
(106.1 £ 6.7) and Lyantonde (47.4  3.0).
Significant (p<0.001) variations occurred in the numbers of B. tabaci nymphs
between sampling dates at all the locations (Fig. 1); At Bulisa, nymph numbers
increased from November 2003 and peaked in December 2004 and gradually declined
thereafter. At Busukuma, there were two peaks of nymph numbers; in March and June
2004 then they gradually reduced up to the lowest value in November 2004, At
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Lyantonde, there was a gradual increase in numbers of nymphs from December 2003
to a peak in April 2004 and another peak in July 2004 (Fig. 1).

The numbers of nymphs were highest at three, four-five and five months after
planting at Bulisa, Busukuma and Lyantonde, respectively (Fig. 2). Numbers of
nymphs reduced with crop age at Bulisa (P<0.001; coeff. = -1.99; SE = 0.2), whilst
there was 1o relationship between the two at Busukuma and Lyantonde.

Abundance of parasitoids, and parasitism of B. tapaci

Eretmocerus mundus, E. sophia and an undescribed Encarsia sp. (hereafier referred to
as Encarsia?) were recovered from B. tabaci on cassava (Fig. 3). Eretmocerus
mundus and E. sophia were present in all the locations throughout the year, while
Encarsia? was rare at all locations. Erehnocer:us mundus was the most abundant
parasitoid species at all the locations, followed by E. sophia and Encarsia? and lastly
Encarsia?. Eretmocerus mundus represented 68.2 +1.4%,61.8+13%and72 £ 1.6
% of the total parasitoids at Bulisa, Busukuma and Lyantonde, respectively. The
abundance values for E. sophia were 29.5+ 1.4 %, 32.8+ 12 % and 278 + 1.6 % at
Bulisa, Busukuma and Lyantonde, respectively. Encarsia? accounted for 2.4 + 0.4 %,
5.4+ 0.5 % and 0.2 £ 0.1 % of the parasitoids at Bulisa, Busukuma and Lyantonde,
respectively. Overall, E. mundus was more abundant than E. sophia, which was in
tum more abundant than Encarsia? on most sampling dates at all locations (Fig. 3).
There was an inverse relationship between the abundance of E. mundus and E. sophia
in ail locations.

The relationship between the abundance of parasitoids with crop phenology was not
consistent across locations (Fig. 4). Whereas there was no significant relationship
between abundance of E. mundus and crop age at both Bulisa and Lyantonde, a
positive linear relationship was observed between its abundance and crop age at
Busukuma (P = 0.005 ; coeff. =3.3; SE = 1.16).

The abundance of E. mundus increased with increase in nymph numbers at Bulisa
(P<0.001; coeff. = 0.83; SE = 0.2), while the converse was observed at Lyantonde (P
= (.018; coeff. = 0.53; SE = 0.2) and there was no relationship between the
abundance of E. mundus and numbers of nymphs at Busukuma. The relationship
between the abundance of E. sophia and crop age was significant only at Busukuma,
where the abundance of E. sophia decreased with crop age (P = 0.005; coeff. =3.3;
SE=1.2).
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Parasitism ranged from 0 - 100 % at all the locations, and varied significantly
(p<0.001) between locations; the highest mean parasitism was observed at Busukuma
(41.7 £ 1.2 %), followed by Bulisa (37.2 + 1.1 %) and lowest at Lyantonde (32.2 +
1.3 %). There were significant variations in parasitism between sampling dates at all
locations (Fig. 5). Peak parasitism occurred in March 2004 at all the locations, and
again in June 2004 and July 2004 at Lyantonde and Busukuma, respectively (Fig. 5).
Covariate analysis did not reveal any significant relationship between percent
parasitism and crop age at Bulisa and Lyantonde. At Busukuma, percent parasitism
increased with increase in crop age (P = 0.011; coeff. = 2.9; SE = 1.14) (Fig. 6). A
negative relationship was found between percent parasitism and numbers of nymphs
at Bulisa (P < 0.001; coeff. = -0.67; SE = 0.143), byt none at both Busukuma and
Lyantonde. '

Predators of B. tabaci on cassava

The predators recorded in cassava fields included: beetles (Serangium sp.), dusty and
preen lacewing larvae, predatory bugs (Orius sp.), spiders, syrphids and sugar ants
(Table 2). Ants, spiders and Serangium sp, were by far the most common predators
found in cassava fields, whilst lacewings, predatory bugs and syrphids were rarely
recorded.

Ants were observed to carry whitefly adults and nymphs. The numbers of ants per
plant ranged between 0-29, 0-73 and 0-15 at Bulisa, Busukuma and Lyantonde,
respectively, and varied significantly (P<0.001) between locations. More ants were
recorded at Busukuma (2.3 £ (.3 per plant), foilowed by Bulisa (0.6 & 0.1 per plant)
and least at Lyantonde (0.2 £ 0.1 per plant). The numbers of anis varied significantly
(P <0.001) between sampling dates at all the locations (Fig. 7), but reduced
significantly with crop age at Bulisa (P = 0.05; coeff. = -0.025; SE = 0.023) and not in
the other locations.

The numbers of ants was positively related to the numbers of B. tabaci nymphs at
Bulisa (P = 0.04; coeff. = 0.009; SE = 0.004), whilst no significant relationship
existed between the numbers of ants and numbers of nymphs at the other two sites.
Both adults and larvae of Serangium sp. fed on B. tabaci nymphs. The numbers of
Serangiian sp. observed at the locations ranged between 0-20 per plant, 0-11 and 0-4
at Bulisa, Busukuma and Lyantonde, respectively, and averaged 0.4 + 0.1, 0.09 + 0.03
and 0.01 + 0.0] per plant in the respective locations. The numbers of Serangium sp.
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varied significantly between sampling dates at Bulisa (P <0.001) and Busukuma (P =
0.021) and not at Lyantonde (P > 0.05) (Fig. 3.7).

There was a negative relationship between the numbers of predatory beetles and crop
age at Bulisa (P = 0.011; coeff. = -0.006; SE = 0.02), a positive one at Busukuma (P =
0.021, coeff. = 0.018; SE = 0.001) and none at Lyantonde (P > 0.05). A covariate
analysis on the relationship between the numbers of predatory beetles and numbers of
nymphs revealed positive relationship at both Bulisa (P <0.001; coeff. = 0.017; SE =
0.003) and Busukuma (P <0.001; coeff. = 0.004; SE = 0.001) and no relationship at
Lyantonde (P > 0.05).

Spiders observed were either web spinners or hunters belonging to twelve species in
six families (Table 2); B. tabaci was found ttapped spider webs, while in a few cases
hunters were observed carrying B. tabaci adults and nymphs in their mouths. The
numbers of spiders per plant ranged between 0-3, 0-16 and 0-7 at Bulisa, Busukuma
and Lyantonde, respectively. They averaged 0.3 spiders/plant at each location (p=
0.220) and their numbers varied significantly (P = 0.001) between sampling dates
only in Bulisa and Lyantonde but not at Busukuma (Fig. 6). Further, the analysis did
not reveal any significant relationship between the numbers of spiders with crop age
or numbers of nymphs at all the locations (Fig. 7).

The incidence of whitefly and their natural enemies on crops grown in association
with cassava

Of the crops grown in association with cassava, adult whiteflies were found on
cowpea and cotton at Bulisa, beans and sweetpotato at Busukuma and Lyantonde
(Table 3). Healthy and parasitized nymphs of whitefly were only recorded on sweet
potato at Lyantonde. Ants were recorded on cowpea at Bulisa, whilst Serangium sp.
was recorded on cotton and coffee at Bulisa and Busukuma, respectively.

The incidence of whiteflies and their natural enemies on weeds found in and around
cassava gardens at the different sites

Ageratum sp., Bidens sp., Commelina sp., Euphorbia sp., Lantana sp., and Melhania
sp. growing in and around cassava plots were found to be infested with whitefly aduits
(Table 3, 4). The whitefly biotypes were not examined except for the one on Melhania
sp., which belonged to the okra biotype. The parasitoid, E. mundus was reared from

whiteflv on Commelina sn. and Melharia so. at Bulisa from Bidens sn.. Commelina
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sp. and Euphorbia sp. at Busulcuma, and one pupa was recorded on Bidens sp. at
Lyantonde. Encarsia sophia was reared from Melhania sp. at Bulisa,

When the numbers of nymphs, abundance of parasitoids and parasitism (%) were
regressed against average temperature (°C), relative humidity (%) and rainfall (mm),
the abundance of E. mundus related positively with relative humidity at Bulisa (a= -
156.6; b=3.1; P=0.023; R= 61), while the abundance of E sophia related negatively
with temperature and relative humidity at the same location (temperature: a= 227; b=
-72; P=0.039; R=46.1; relative humidity: (a= 271.4; b=-3.2; P=0.017; R = 65.5).
The abundance of Encarsia? was however, po;iﬁvelyrclatedwithtunperannc.'lhuc
was no relationship between percent parasitism with temperature, relative humidity
and rainfall at Bulisa and Lyantonde. At Busukuma, however, parasitisin was
negatively related with temperature (a= 422; b= -16.7; P= 0.04; R=29.4).

Discussion

This study has demonstrated that £ mundus was more abundant, followed by E
sophia, and Encarsia? was the lowest in number. There were significant variatious in
numbess of B. tabaci and natural enemies between locations, season and crop age.
The most common predators found in cessava gardens were ants, Serangium sp. and
spiders. No cassava component crops or weeds harboured high populations of
whitefly and their natural enemies. The numbers of E. mundus were positively related
to temperature at Bulisa, whilst rainfal] related negatively with the numbers of E
sophia at Lyantonde.

The three parasitoid species recovered from B. tabaci had previously been reported
from Uganda (Otim, 2002; Otim ef al., 2005). Encarsia ?mineoi which was not found
is mare and was only found once in the previous survey (Otim et al_, 2005).
Eretmocerus mamdus is common to the Mediterranean basin (Gerling af al., 2001) and
Iran (Ghahhari and Hatami, 2000), while E sophia has been found in mmnerous
countries to be a dominant parasitoid of B. tabaci (Kajita ef al., 1992; Kapadia and
Puri, 1990; McAuslane ef al., 1993; Stansly et al., 1997; Otim et al., 2005).

Contrary to the previous study (Otm ef al., 2005); E. mundus was the dominant
parasitoid species in all locations and on most sampling dates. This probably arises
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from the high fecundity and favourable environmental factors. However, the inverse
relationship between the abundance of E. mundus and E. sophia may be attributable to
some form on interspecific competition.

The inventory of predators observed during this study differs somewhat from other
reports on cassava. Whereas the predators observed in this study were ants, spiders,
predatory beetles, lacewings, predatory bugs and syrphid larvae, studies in other
African countries revealed other predators. For instance, Scymnus sp. and Semidalis
sp. were reported on cassava in Malawi, Scolothrips sp., coniopterygid and
cecidomyiid larvae in Kenya, and Euseius sp., Stethorus jejunus, Holoborus
pallidicornis, and Scolothrips latipennis in Ivory Coast (Robertson, 1985; Nyirenda et
al. 1993; Fishpool and Burban, 1994). However, when compared to the list of
predators reviewed by Gerling ef al. (2001), most of the families of spiders recorded
in this study were reported, except the families of Miturgidae, Nesticidae and
Oxyopidae.

Variations in whitefly numbers have been attributed to seasonal fluctuations in
parasitoid numbers, relative humidity, temperature, host abundance and host plant
factors (Hoelmer, 1995, 1996), clearly demonstrating that many factors are important
in determining the population dynamics of whitefly.

The high numbers of B. tabaci at Busukuma may be attributable to the continuous
cultivation of cassava throughout the year, coupled with presence of improved
varieties (TME 14 and TME 204) that support heavy populations of B. tabaci. At
Bulisa, only one cassava variety (Nase 3), which supports a relatively low B. tabaci
population is widely grown. Unlike at Busukuma and Bulisa where cassava growing
is continuous throughout the year, cassava growing in Lyantonde is seasonal, and
local varieties that do not support heavy B. tabaci populations predominate. This may
explain the low B. tabaci whitefly population there.

The high numbers of B. tabaci nymphs between three-five months after planting
might be attributable to a vigorous growth of cassava at this stage providing young,
protein-rich leaves suitable for feeding and oviposition; similar results were noted by
other workers (Legg, 1994; Sserubombwe, 1998; Egabu, 2002). Reductions following
peak B. tabaci populations, mainly beyond five month after planting are attributed to
the ageing of cassava when most assimilates are diverted for tuberous root formation
than canopy development (IITA, 1950).
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The decrease in numbers of ants and Serangium sp. with crop phenology at Bulisa
followed a reduction in numbers of B. tabaci nymphs, whilst the increase in numbers
of predatory beetles with crop phenology at Busukuma followed an increase in
numbers of B. rabaci nymphs. The implication therefore is that these two predators
respond positively to the abundance of their hosts. However, the numbers of these
predators were generally low, averaging less than one per plant on most ssmpling
dates and different crop phonologies, except for ants at Busukuma (Figs. 7 & 8).
Thesc low numbers may demonstrate the limited role and the difficulty in assessing
the role of predators in determining field populations of B. tabaci. Since predators are
usually mobile and may have alternative food sources, it is difficult to relate them
directly to the numbers of B. tabaci available. Howgver, Naranjo (2001) discussed
different methods that can be used to assess the role of predators in suppressing B.
tabaci populations, which inclade among others, immunological methods and life
table construction. During the current study, information was gathered on the
predators but not their impact, but cohort-based life table studies by Asiimwe ef al.
(2006) revealed parasitism in fourth instars to be key mortality factor on the nymphs
when compared with predation. This may suggest that B. tabaci is a less preferred
host of the predators.

Weather also affects B. tabaci, with temperature and relative humidity being the most
important factors influencing whitefly populations in cotton ficlds in Isracl (Horowitz
et al., 1984). On cassava, higher temperatures of about 30- 33 °C were reported to
encourage faster development of whiteflies, but with a marked reduction beyond 33
°C (Storey, 1936; Leuschner, 1978; Dengel, 1981; Gold, 1994). Similarly, Kapadia

and Puri (1990) and Sharaf and Batta (1985 b) found that the development duration of

E. mundus and E. sophia was shorter at higher temperatures (25 & 28.9 °C) than at
lower temperatures (14 & 19 °C), implying more generations per unit time at higher
temperatures. During the current study, there was no relationship between the
abundance of E. mundus and temperature, abundance was positively related with
relative humidity at Bulisa, suggesting that humidity affected the abundance of £
mundus.

Although Golding (1936) reported reduced populations of B. tabaci after heavy rain
showers, Leuschner (1978) and Dengel (1981) reported high populations during the
rainy season, while Legg (1994) did not find any relationship between B. tabaci
populations and rainfall. The observation of Golding (1936) may be attributed to the
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direct mortality of B. tabaci when it is raining. Contrastingly, rains also increase the
growth rate of plants, thereby increasing the amount of vegetative material that favour
B. tabaci colonization. This may lead to population build up during the rainy season
as observed by Leuschner (1978) and Dengel (1981). This makes assessment of the
overall effect of rain difficult. This study however found no relationship between
parasitism and the abundance of parasitoids with rainfail.

The positive relationship between percent parasitism and crop age at Bulisa may have
been due to a gradual build up of parasitism as the plants grows older. This is
consistent with the findings of Otim et al. (2006) and attributable to the fact that B.
tabaci and its parasitoids migrate from neighbouring fields and build higher
populations with time. The observed decrease in percent parasitism with increase in
nymph numbers is consistent with previous ﬁr;dings (Gerling et al., 1980, Gerling,
1996; Otim et al., 2005, 2006); it indicates negative density dependence and is the
main cause for the parasitoids' inadequacy as controlling factors at the earlier stages
of cassava growth aliowing for the build-up of high B. tabaci numbers. Nevertheless,
the high parasitism levels at low host densities would imply that parasitoids could
complement other control measures that reduce B. tabaci populations, such as the use
of B. tabaci resistant varieties.

The present study further revealed that neither crops nor weeds growing in association
with cassava support high populations of whitefly. Moreover, while adult whiteflies
were found on some crops grown together with cassava (Table 3.3), nymphs and
parasitoids were only recorded on sweetpotato, a factor that might be due to the adult
whiteflies' mobility rather than their readiness to develop on the examined plant
species. Bemisia tabaci growing on sweetpotato belongs to the sweetpotato biotype,
which does not reproduce and/or survive on cassava (Legg, 1995; 1996). The E.
mundus found on sweetpotato may move and parasitize the B. tabaci growing on
cassava and vice versa. Looking from the perspective that cassava is heavily attacked,
the numbers of parasitoids recorded on sweet potato may not be sufficient to impact
on the whiteflies growing on cassava. Nevertheless, intercrops may play other roles in
determining the population dynamics of B. tabaci such as interfering with the host
seeking behaviour of B. tabaci and its natural enemies, and provide nectar sources for
the natural enemies. Since there was a high variability in the plot sizes, density and
spacing of crops and date of planting of component crops, it was not passible to relate

B tabari and its natural enemv nonulations to the oresence of 3 narticular cron. There
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have been inconsistent resulis on the influence of intercrops on B. rabaci and CMD
(Fargette & Fauquet, 1988; Ekpe & Chinaka, 2000). For instance, Fargette and
Fauquet (1988) reported inconsistent results between the populations of the vector and
disease incidence, while Ekpe and Chinaka (2000) noted similar severity levels
between a susceptible cassava grown as an intercrop and sole. Other authors have
reported low B. tabaci populations and CMD incidence in cassava intercropped with
cowpea, maize and groundnuts than in sole crop (Ahohuendo & Sarkar, 1995;
Fondong ef al., 2002; Oneka et al_, 2002) and higher yields in the intercrop than the
sole crop (Oneka et al., 2002). Similarly, the numbers of Aleurotrachelus socialis
Bondar and Trialewrodes variabilis Quaintance and their egg density per leaf
decreased in intercropped cassava than in sole crop (Gold, 1994). These results show
the complexity in assessing and making generalisations about the role of intercrops in
determining B. tabaci populations and disease severity.

As said, also the weed species found in and around sampled cassava fields did not
support high numbers of whitefly and their natural enemies (Table 3.4). Sseruwagi ef
al. (2005) recorded the Ug, strain of the cassava B. fabaci biotype from five noo-
cassava plant species, all from the Euphorbiaceae (Manihot graziovii, Jatropha
gossypiella, Euphorbia heterophylla, Aspilia africana and Abelmoschus esculentus),
suggesting that Ug, is not restricted o cassava, and is likely to have alternate hosts
when cassava is not available. This also poses a threat of acquisition and transmission
of different whitefly transmitted viruses.

In conclusion, this study has demonstrated that £ mundus and E sophia are the most
abundant parasitoid species, where as ants, Serangium sp. and spiders are the most
common predators. The study has also revealed that no crop or weed plant plays a
major rolc as an altemnative host of B. fabaci in the locations surveyed. All the
observations suggest that the main infestation source of cassava is whitefly movement
from other cassava fields.

References -

Ahohuendo, B.C. & Sarkar, S. 1995. Partiai control of the spread of African cassava
mosaic virus in Benin by intercropping. Journal of Plant Disease Protection 102(3),
249-250

e P TT e vae e



ot

W e ~ & o e W D

W W N [ T S R G R S R N R I o . T R R R R
M—‘O\DQQO\MJLNNF-Q\OOO\JG\MJ&LJM_Q

Dengel, J. 1981. Untersuchegnen Gber das aufireten der imagines von Bemisia tabaci
(Genn.) auf versschiedenen manioksorten. Zeitschrifi fiir Pflanzenkrakheiten und
Pflanzenschutz 88, 355-366

Egabu, J., Osiru, D.S.0., Adipala, E. & Thresh, J.M. 2002. The influence of plant
population on the incidence, progress and severity of cassava mosaic disease in
central Uganda. Forum 5. Programme and Extended Abstracts, Fifth Regional
Meeting of Forum on Agricultural Resource Husbandry 171-173, 12-16 August 2002,
Entebbe, Uganda

Ekpe, E.O. & Chinaka C.C. 2000. An assessment of cassava mosaic discase severity
in cassava~maize mixture at different NPK levels. African Crop Science Journal 8(3),
311-316

Fargette, D. & Fauguet, C. 1983. A prelimipary study ‘on the influence of
intercropping maize and cassava on the spread of African cassava mosaic virus by
whiteflies. Aspects of Applied Biology 17, 195-202

Fishpool, L.D.C. & Burban, C. 1994, Bemisia tabaci: the whitefly vector of African

cassava mosaic geminiviruses. Jropical Science 34, 55-72

Fondong, V.N., Thresh. J.M. & Zok, S. 2002. Spatial and temporal spread of cassava
mosaic virus disease in cassava grown alone and when intercropped with maize and or
cowpea. Journal of Plant Pathology 150, 365-374

Gerling, D., Motro, U. & Horowitz, R. 1980. Dynamics of Bemisia tabaci
(Gennadius) (Homoptera: Aleyrodidae) attacking cotton in the coastal plain of Israel.
Bulletin of Entomological Research 70, 213-219

Gerling, D., Alomar, O. & Amé. J. 2001. Biological control of Bemisia tabaci using
predators and parasitoids. Crop Protection 20, 779-799

s

e L g £ T

T




W 00 3 & W oW N -

WWWMWNNNNMNNBNM—IH-—HH_H_._H
oW N = O O O - N W —_— QO O M N AW W N = O

Gerling, D., Rottenberg, O. & Bellows, T.S. 2004. Role of natural enemies and other

factors in the dynamics of field populations of the whitefly Siphonimus phillyreae
(Haliday) in introduced and native environments. Biological control 31, 199-209

Ghahari, H. & Hatami, B. 2000. Study of the natural enemies of whiteflies
(Homoptera: Aleyrodidae) in Isfahan Province. Jowrnal of Emtomological Society of
Iran 20, 1-24

Gold, C.S. 1994. The effects of cropping systems on cassava whiteflies in Colombia:
Implications for control of African cassava mosaic virus discase. African Crop
Science Jowrnal 2(4), 423-436

Golding, F.D. 1936. Cassava mosaic in southern Nigeria. Bulletin of the Department
of Agriculture, Nigeria 11, 1-10

Hoddle, M.S. & van Driesche, RG.W. 1999. Evaluation of inundative releases of
Eretmocerus eremicus and Encarsia formosa Beltsville strain in commercial
greenhouses for control of Bemisia argentifolii on poinsettia stock plants. Jowrnal of
Economic Ertomology 92, 811-824

Hoelmer, K. A. 1995. Whitefly parasitoids: can they control field populations of
Bemisia? In: Bemisia 1995: Taxonomy, Biology, Damage, Control and Management
451-476. (Eds Gerling, D., Mayer, R.T.), Intercept Ltd., Andover, Hants, UK

Hoelmer, KA. 1996. Whitefly parasitoids: can they control field populations of
Bemisia? In: Gerling, D., Mayer,R.T. (Eds.), Bemisia 1995: Taxonomy, Biology,
Damage, Control and Management_ Intercept Ltd., Andover, Hants, UK, pp. 451-476

Horowitz., AR, Podoler, H. & Gerling, D. 1984. Life table analysis of the tobacco
whitefly Bemisia tabaci (Gennadius) in cotton fields in Israel. Acta Oecologia 5, 221-
233

IITA, 1990. Cassava in tropical Africa. A reference manual: International Institute of
Agriculture, Ibadan, Nigeria. 20pp

e s

1 of it



O %0 N N W p W RN —

W W W W N O R BN N RO R me e o o et e e el el e
mN#O\OgﬂO\M-ﬁwM—'O‘DM\lO\M#MMHO

-3
—

Kapadia, M.N. & Puri, S.N. 1990. Development, relative proportions and emergence
of Encarsia transvena (Timberlake) and Eretmocerus mundus Mercet, important
parasitoids of Bemisia tabaci (Gennadius) Entomon 15(3), 235-239

Kajita H, Samudra IM, Naito A. 1992. Parasitism of the tobacco whitefly, Bemisia
tabaci (Gennadius) (Homoptera: Aleyrodidae), by Encarsia transvena (Timberlake)
(Hymenoptera: Aphelinidac) in Indonesia. Appl. Entomol. Zool. 27:468-70

Legg, J.P. 1994, Bemisia tabaci: The whitely vector of cassava mosaic geminiviruses
in Africa: An ecological perspective. African Crop Science Journal 2, 437-448

Legg, J. P. 1995. The ecology of Bemisia tabaci (Gennadius) (Homoptera:
Aleyrodidae), vector of African cassava mosaic geminivirus in Uganda. Doctoral
thesis, University of Reading, UK. 183pp. ‘

Legg. J.P. 1996. Host-associated strains within Uganda populations of the whitefly
Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae). Journal of Applied
Entomology 120, 523-527

Leuschner, K. 1978. Whiteflies: biology and transmission of African cassava mosaic
disease. Proceedings of the Cassava Protection Workshop 51-58, 7-12 November
1977, CIAT, Cali, Columbia (Eds Breketbaum, T., Bellotti, A. and Lozano, T.C).
Intercept Limited, Andover, pp. 101-113.

McAuslane, H.J., Johnson, F.A., Knauft, D.A. & Colvin, D.L. 1993. Seasonal
abundance and within-plant distribution of parasitoids of Bemisia tabaci (Homoptera:
Aleyrodidae) in peanuts. Environmental Entomology 22(5), 1043-1050

Mead, R., Cumow, R.N. & Hasted, A.M. 2003. Statistical methods in Agriculture and
experimental biology. 3™ ed. Chapman and Hall/LRC. A CRC Company Press. 472pp

Naranjo, S.E. 2001. Conservation and evaluation of natural enemies in IPM systems

LPoaw Faesicrrs Prrdrrrms £ e Purmtantiimewe MY A& O8N

i A W P g L

S

1 wrmin b wt




VO Y- Y 7. R ™ R S

[ T o T N e S T S P Y
B = T - B - - N B NIRRT - S S

E3IRVEUEDR

W W W
o8 g2 88

Nyirenda, GK.C., Munthuli, D.C., Phiri, G.S.N., Sauti, RF.N. & Gerling, D. 1993.
Integrated pest management of Bemisia spp. whitefly in Malawi. Report Makoka
Research Station, Thondwe Malawi

Oneka. J., Osiny, D.S.0., Adipals, E. & Thresh. J.M. 2002. Influence of intercropping
cassava with cowpea or maize on epidemiology of cassava mosaic disease (CMD) in
central Uganda Book of Abstracts and List of participants. Integrated Pest
Management Conference for sub-Saharan Africa. P 89. 8-12 September 2002
Kampala, Uganda

Otim, M. 2002. The potential for the use of parasitoids in the biological control of the
whitefly, Bemisia tabaci, vector of cassava mosaic geminiviruses. MS5c. Thesis.
Makerere University, Kampala, Uganda 80pp

Otim, M., Legg, J.P., Kyamanywa, S., Polaszek, A. & Gerling, D. 2005. Occurrence
and activity of Bemisia tabaci parasitoids on cassava in different agro-ecologies in
Uganda. Biocontrol 50, 87-95

Otim, M., Legg, J., Kyamanywa, S., Polaszek, A. & Gerling, D. 2006. Population
dynamics of Bemisia tabaci (Homoptera: Aleyrodidae) parasitoids on cassava mosaic
disease resistant and susceptible vanieties. Biocontrol Science and Technology 16(2),
205-214

Polaszek, A., Evans G.A. & Bennet, F.D. 1992. Encarsia parssitoids of Bemisia
tabaci (Hymenoptera: Aphelinidae, Homoptera: Aleyrodidae); a preliminary guide to
identification. Bulletin of Entomological Research 82, 375-392

Robertson, LA.D. 1985. Cassava/whitefly project. Part of Crop Virology Project
R3177 at the Kenya Agricultural Research Institute. Final Report Overseas
Development Administration, London

Rose, M. & Debach, P. 1992. Biological control of ParaBemisia myricae (Kuwana)
(Homoptera: Aleyrodidae) in California_ Israel Journal of Entomology 25-26, T3-95




e ~3 On th B W N e

W W W W W R NN RN N RN NN RN RN e e e e e e et e s
I T N = T = - I - i - P S = - B - - B - U V. R - Vo S e ]

Rose, M. & Zoinerowich, G. 1997. Eretmocerus Haldeman (Hymenoptera:
Aphelinidae) in the United States, with descriptions of new species attacking Bemisia
tabaci complex) (Homoptera: Aleyrodidae). Proceedings of Enromolégical Society of
Washington 99(1), 1-27

Sharaf N. & Batta Y. 1985 a. Effect of some factors on the relationship between the
whitefly Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidac) and the parasitoid
Eretmocerus mundus Mercet (Hymenoptera: Aphelinidae) in Jordan. Journal of
Applied Entomology. 99, 267-276

Schauff, M.E., Evans, G.A. & Heraty, JM. 1996. A pictorial guide to the species of
Encarsia (Hymenoptera: Aphelinidae) parasitic on whiteflies (Homoptera:
Aleyrodidae) in North America. Proceedings of Entomological Society of Washington
98(1), 1-35 ‘

Sengonca, C. & Liu, B. 1998. Biological studies on Eretmocerus longipes Compere
(Hymenoptera: Aphelinidae), a parasitoid of Aleurotuberculatus takahashi David et
Subramaniam (Homoptera: Aleyrodidae) in the laboratory. Journal of Applied
Entomology 122, 207-211

Sseruwagi, P., Legg, JP., MAnuthi, MN., Calvin, J., Rey, ME.C. & Brown, J.X.
2005. Genetic diversity of Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae)
populations and presence of the B biotype and a non-B biotype that can induce
silverleaf symptoms in squash. Annals of Applied Biology 147, 252-265

Sserubombwe, W.S. 1998. Progress of cassava mosaic virus disease (CMD) and its
effects on growth and yield of four cassava varieties. MSc. Thesis. Makerere
University, Kampala 185pp

Stansly, P.A., Schuster, D.J. & Liu, T.X. 1997. Apparent parasitism of Bemisia
argentifolii (Homoptera: Aleyrodidae) by Aphelinidae (Hymenoptera) on vegetables
crops and associated weeds in south Florida. Bielogical Control 9, 49-57

R

Tt




O 0~ N W N e

P T e R N
S NN bk W= O

Storey, H.H. 1936. Virus diseascs of East African Plants. VI- A Progress report on
studies of the diseases of cassava. East African Agricultural Journal 2, 34-39

Swirski, E., Blumberg, D., Wysoki, M. & Iyhar, Y. 1988. Phenology and biological
contro] of the Japanese beyberry whitefly, ParaBemisia myricae on citrus in Israel.
Proceedings of the 6* International Citrus Congress Middle East, Tel Aviv, Israel 3,
1163-1168

Thresh, JM., Otim-Nape, G.W., Legg, J.P. & Fargette, D. 1997. African cassava
mosaic disease: The magnitude of the problem? African Jowrnal of Root and Tuber
Crops. Special Issue: Contributions of Biotechnology to Cassava for Africa In.
Proceedings of the Cassava Biotechnology }\IeMOrk, Third International Scientific
Meeting 13-19, 26-31 August, 1996, Kampala, Uganda (Eds Thro, AM & Akoroda,
M.O).

Vet LEM., vanl.enteren J.C., Heymans M., Meelis E. 1983. An airflow olfactometer

for measuring olfactory responses of hymnopterousparasitoids and other small insects.
Physiol. Entomol. 8:97-106.

- Tt



Table 1.

The sampling dates at the different locations

Location
Visits Bulisa Busukuma Lyantonde
I 25/11/2003 2/12/2003 8/12/2003
2 28/12/2003 6/1/2004 10/1/2004
3 24/1/2004 7/2/2004 13/2/2004
4 31212004 5/3/2004 16/3/2004
5 27/3/2004 30/3/2004 16/4/2004
6 27/4/2004 1/5/2004 17/5/2004
7 4/6/2004 7/6/2004 16/6/2004
8 28/6/2004 30/6/2004 14/7/2004
9 28/7/2004 3/7/200 4 18/8/2004
10 11/9/2004 14/9/2004 30/9/2004
11 5/10/2004 7/10/2004 26/10/2004
12 17/11/2004 23/11/2004 10/12/2004

L o et 4




Table 2. Predators of B. rabaci sampled from cassava fields at the different locations
(November 2003 to December 2004)

Order Family Genus +Species Group
Imsect orders
Hymenoptera Formicidae Ants
Coleoptera Coccimnelidae Serangium sp Predagory beetles
Hemiptera Anthocoridae Orixs sp Predatory bugs
Diptera Syrphidac Syrphid larvae
Newropiera Chrysopidac Chrysaperia sp. Groenlace bug
Spiders
Armeae Oxyopidae Oxypes sp. Wanderer
Peucetia sp. Wanderer
Thomisidae Oxytate argenteoculaia Wanderer
Misumenops Wanderer
rubrodecoratus .
Miturgidae Cheiracanthixm sp. Wanderer
Nestidae Nesticella spp Web dweller
Theriidee Tidarren sp. Web dweller
Chwyaso puicherrima Web dweller
Theridion sp Web dweller
Araneidae Neascona sp. Web dweller
Aranexs gpricus Web dweller
Limyphiidae Ostearius melanopygixs Web dweller




Table 3. The numbers of adults and nymphs of whitefly and their natural
enemies on crops found in cassava gardens at the different sites
summed over all plants and sampling dates

Total No. plants  No. adult No. nymphs No. E. mundus Predators :
sampled whitefly pupae { ]
Bulisa ‘
Cotton 20 12 0 0 2 (SE)
Cowpea 60 3 0 0 6 (A)
Busukums
Beans 110 56 0 0 0
Coffee 60 0 0 0 6 (SE}
Sweet potato 10 1 0 0 0
Lyantonde
Beans 80 15 0 0 :
Sweetpotasto 20 8 7 1S 0 i

A = ants, and SE = Serangium sp.



Table 4. Total number of whitefly adults and nymphs and their natural enemies
on weeds found in and around cassava gardens at the different sites summed over all

plants and sampling dates

Total No.of  Adult Nymphs E mundys E sophia Predators

plants whitefly pupac

sampled
Bulisa
Commelina 620 16 0 2 o I(A)
Melhania sp. * 60 30 3 7 0
Bidens sp. 160 4 0 0 (1 4(SP)
Busukuma
Ageratum sp. 80 9 g 0 0 0
Bidens sp 520 3s 0 1 0 o
Commelinasp. 400 11 0 2 0 2(sP)
Exphorbia sp. 580 49 2 6 0 0
Lamana sp 40 3 0 0 0 0
Lyantonde
Bidens sp. 400 8 0 1 0 7 (SP)
Commelina sp. 320 5 0 0 ¢ 0

* Whitefly and parasitoids were reared from infested leaves since leaves were entirely
covered with sooty mould. A = ants, and SP = spiders
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Figure 1: Mean B. tabaci nymph numbers (+ SE) on cassava at Bulisa (A),
Busukuma (B) and Lyantonde (C) from November 2003 to December 2004

Figure 2: Mean B. tabaci nymph numbers (= SE) on cassava at Bulisa (=),
Busukuma (m) and Lyantonde (A) at different crop phenologies

Figure 3: Species composition and abundance of B. tabaci parasitoids on cassava
(mean + SE) at Bulisa (A), Busukuma (B) and Lyantonde (C) from November 2003
to December 2004

Figure 4: Species composition and abundance of B, tabaci parasitoids on cassava
(mean + SE) at Bulisa (A), Busukuma (B) and Lyantonde (C) at different crop
phenologies

Figure 5: Mean percent parasitism (+ SE) of B. tabaci on cassava at Bulisa (A),
Busukuma (B) and Lyantonde (C) from November 2003 to December 2004

Figure 6: Mean percent parasitism (* SE) of B. tabaci on cassava at Bulisa (=),
Busukuma (w) and Lyantonde (A} at different crop phonologies

Figure 7: Mean numbers (SE) of ants, Serangium sp. and spiders at Bulisa (A),
Busukuma (B) and Lyantonde (C) in cassava between November 2003 and
December 2004

Figure 8: Variations in mean numbers (+ SE) of ants, Serangium sp. and spiders at
Bulisa (A), Busukuma (B) and Lyantonde (C) in cassava at different crop
phenologies
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Busukuma (B) and Lyantonde (C) in cassava between November 2003
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A study was set up to determine the sources and rates of mortality of Bemicis mbaci (Gennading)

(Homoptera: Aleyrodidae) on fickd-grown cassava in Uganda. Using a cohort-based approach, daily
direct ohservations were used 1o consfruct partial life tables fior 12 generations of egg and nymph popu-
Lations which were stodied over a |-year period. Mortality was categorized a3 dislodgement, preda-
tion, parasitism ( for mymphs only), unknown death, and invisbility (for eggs only). The highest mean
rate of marginal mortality across all stages was attributed to parasitism, with dislodgemen: and pre-
dation following, respectively. Across all factors, the highest mean rate of marginal mortality was
observed in the fourth instar followed by the eggs, first-, second-, and third-instars, respectively. Key
factor analysis revealed that dislodgement was the major mortality fackor contributing o geners-
tional mortality in eggs while for aymphs, parssitism in the fourth mstar was the main driving force
behind the observed generationsl mortafity, Highest irreplacesble mortality in both the egg saad
aymph stages was stiributed 1o dislodgement followed by parasitiem and predation, and least was doe
w unknown death. Across sizges, highest irreplaceable moctality rates were observed in the eggs and
the fourth-instar nymphs. The other stages had relatively low rates of irreplaceable mortality.
Rain-protection experiments revealed no significant differences in marginal mortality rates when

compared to the open fiekd simation.

intreduction

Berdsia mbaci (Gennadius) (Homoptera: Aleyrodidae) isa
key pest of both field and greenhouse crops in many parts
of the wordd, It causes both direct and indirect damage
through feeding on plant sap. Direct feeding damage is
shown by leaf chiorosis, a mottied appearance, reduction
in plant vigour, geacral plant stunting, and induction of
various phytotaxic disorders in several plants (Brown &
Bird, 1992). Indirect danage & mainly twough tranamis-
sion of plant viruses, and 0 a lesser extent through en-
oonraging development of sooty moukd (Bedford ez al., 1994;
Schoster exal, 1996). Transmission of plans viruses in
most economically important role of this pest (Basu,

*Correspondence: Peter Asiae, Ineernationel Insticow of
E-mail: pasiizrwe®s

1995). At least seven: genera of whitefly-transmitied viroses
have 10 far been describved, of which the most economically
important are the begomaviruses { Cohen, 1990; Brown &
Bird, 1992). In Uganda, casava is the main host of this
pest, where it is the vector of cassava mossic geminiviruses
{CMGa) (Gemindviridae; gevsus: Begomovirus) that camnse
camava mosaic discase (CMD). An epidemic of s unmsually
severe orm of the disease spread throughout northern and
central Uganda during the 1990s (Otim-Nape et al., 1997).
More recently this cpidemic has spread further mio
neighboring coantries in East and Central Africa (Legg,
1999).

Several contral options have been developed for CMD,
the most important of which has been the use of
effictive in controlling the CMD epidemic in Uganda
(Otim-Nape ez al., 1994; Thresh et al, 1994; Anon, 199%;
Legg et al., 1999), but have recently been shown w0 szpport
high B, tabaci populstions (JP Legg, uanpubl.). This poses a

© 2006 The Avthors Ensomsologia Experimentulis ot Applicsss 121: 000-000, 2006
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threat to the future dfectiveness of CMD control because
of the ability of these whiteflies to migrate and spread
CMGs o susceptible varicties grown nearby and the
increased likelihood of the appearance of more virulent
virus strains through new virus—vector interactions.

Mary of the biological characteristics of B. tabaci suck
as multivoitinism, high reproductive rate, broad host
range, ability to migrate great distances, and vectoring of
plant viruses have increased the difficulty of developing
sustainable management options for this pest (Gerling &
Mayer, 1996). Qutbreaks of large B. tabacy populations
have raised the need to obtain information as to their
possible causes and cares. Despite major advances having
bern made in understanding the biology and behaviour of
B.tabaci and in developing pest-management systems,
there is a need to develop a better understanding of the
factors affecting B. tabaci population dynamics on cassava.
One approach is to develop age-spedific/cohort-based life
tables of B. tabaci under fieid conditions. These invoive
studying the population dynamics of a known number of
individuals of the same developmental stage and using this
information to determine the relevance and importance of
the different mortality factors affecting the pest, Life tables
have previously been used to study population dynamics
of magy insects, espedially pests and their natural enemies
(Carey, 1989; Cornell' & Hawkins, 1995; Hawkins et al.,
1999; Naranjo & Ellsworth, 2005). The current study there-
fore 2ims to use a comparable approach to determine the
mortality factors affecting immature B. tabaci popula-
tions on CMD-resistant cassava in the field. This will
provide essential background information for developing
effective management options to control the current
super-abundant B, tabaci populations on CMD-resistant
varieties.

Matorlals and methods

Stydy site sswd plasis wsed

The experiments were set up at Namulonge Agricultural
and Animal Production Research Institute, Kampala,
Uganda. The CMD-resistant variety, Nase 4 (Ssemakula
ctal, 1997), was planted in two fields in August and
November 2003. Each field measured 14x9m, and
consisted of 150 plants planted in rows 1 m apart. The
study was carried out over 6 months in zach field, which
represented half of the normal growing period of cassava.

Cobert sstablishment

Ten plants were randomly chosen from each field and
monthly cohorts of both eggs and nymphs were estab-
lished separately. Cohorts of eggs were selected from
naturally established populations on the underside of the

top-most expanded plant leaf. Eggs used were freshly laid
and these were identified by their creamy white colour and
location on the youngest leaves at the top of the plant. The
leaves were turned over and a x10 hand lens was used to
locate the 2ggs. Using a nontexic fine marker, 2 circle was
drawn around cach selected egg. All other eggs on the leaf
were removed by gently rubbing them off the underside
of the leaf with the edge of a soft paper. This ensured that
every leaf chosen only remained with a specific number of
cgs, all of which had been marked. A single leaf was used
per plant and 10-20 eggs were marked depending on
the populations on the plant at the time of marking. A
small numbered tag was tied around the petiole of the leaf
bearing the marked eggs.

Setted first-instar nymphs were identified and marked
on separate leaves and plants. The leaves and nymphs were
marked using the same procedure as above. Settled first-
ingtar mymphs were identified by their transtucent colour,
small size, and characteristic ovoid shape. Marked nymphs
were revisited after I hto ensure that they had settled. Any
nymph that had crawled out of the circle was replaced by
marking another one. A minimum of 30 nmymphs were
marked per plant for 10 plants, to give a total of 300
nymphs per cohort. The precise number per plant varied
depending on the season and stage of growth of the plant
but always approximated 30. All cohorts in each plot were
established on the same day, and were marked between
09:00 and 11:00 hours. The cohorts were established
monthly for 6 months, in each of the plots,

Detorminstion of mertality factors

After cohorts had been established, each marked egg and
rymph was observed daily using a 10 hand lens. Each
nymph was observed for 30 days unless it died or
disappeared. This time period was sufficient to allow for
both adult whitefly and parasitoid emergence. For the eggs,
each wus observed for a total of 15 days, su ially in
excess of the previously reported average egg hatching
period of 11 days for B, tabaci on cassava (Legg, 1995).
Based on the establishment of separate cohorts of eggsand
nymphs, mortality in the crawler stage is missed and thus
is not accounted for in this study.

Each day, the instar and state of each mymph were recordad
and categorized as alive, missing, dead, predated, or para-
witized. A mymph was categorized as ‘alive’ based on its size,
shape, and the symmetrical position of mycetomes; predation
observed was mainly due to sucking, leaving the nymphs
empty and translucent or, in some cailes, partially empty,
while parasitism was distingnished by the displacement of
mycetomes Or presence of parasitoid larvae in the third or
pupae within the fourth-instar nymphs. A sample of 25
parasitized mymphs was ollected and, basing on the methods
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of Otim et al. (2005), were idenmified Nymphs that were
missing were assumed to have been displaced or esten. The
stage of missing was determined based on its appearance
on the previous day. To maintain uniformity in determining
causes of mortality, oaly three people carried out all field
observations throughout the duration of the experiment.
rance of marked individuals, cither eggs or mymphs. The
presence of these individuals had been accounted for on
1 day and they were absent without leaving a trace on the
next. Naranjo & Ellsworth (2005) noted this phenomenon
s "dislodgement’, a term subsequently adopted s a distinct
mortality source in this experiment.

A parallel study conducted on the same fiekds w0 cama-
logue the predators of B. toboci was done. All insects in the
field were collected and fied on B. fabaci eggs and mymphs
in the laboratory, and those found to be predators were
sent to the US Department of Agriculture insect musewn
and identified (Asimmwe, 2006). A study %0 monitor the
activity of these predators was carried out on the same
fields. During this time, 24-h checks done at 3-h intervals
over a 1-month period were carried out (Asiimrwe, 2006).

Raln-proteelivn supmiments

Following the observation that heavy rains were sbie o
dislodge whilefly ryrmphes froem the lesves (Narago & Elswarth,
2005), an experiment to determine the contribution of rain
and direct wind was carried out on the same plots. Two plants
were selected per field and protected from rain and wind
by placing large umbsellas, covering the entire canopy of
the plants. Two monthly cohorts, each consisting of 25
eggs and 50 mymphs, were marked on each plant. Each
individusl egg and nymph was followed for 15 and 30 days,
respectively, or until it hatched, emerged or dimppenred.

Bols atelpuis
Determination of mortality rates. The methods proposed

ty Buonacoorsi & Elkinton (1990), Ekinton etal (1992),
and Naranjo & Ellsworth (2005) were used 10 determine

Bemisia tabaci morsality on ctmeve 3

age-specific marginal rates of mortality for each facar
based on observed (appercut) rates of mortality. The
marginal rate estimates the level of mortality arising from
a single fachor amuming that fachr was the coly ome
operating at the time. A mortality fsciwr mary be obscured
by another Eacir becanee these factors operste in a
contemporaneous fashion with no obvious sequence of
events. Dislodgement is the only facior for which the
apparent cate of martality is equal to the marginal rate
because it can not be obscured by any other Bacaor. The
general equation for determining margimal rase of mortality
was derived from Naranjo & Flisworth (2005) and it i

M, =dJ(1-dy),

wiiere M, is the marginal rate of mortality for facior A, d,
is the spparent (observed) rate of mortality from Escior A
while d, is the sam of apparent moctalities from all other
relevant conternporancous factors. The apparent rates of
mortality needed %0 estimate marginal rates of mortality
for each factor within each stage are cutlined in Table ).

Irreplaceable morsaiity. Following the methods of Casey
(1989) and Naranjo & Elkworth (2005), irvepiacesble
mortality was calculated for each mortaliry Eacaor and each
developmental stage. rreplacenble moctality is dast portion
of total geoerstional mortality that would not oocar if a
given mortality factor was diminased (Southrwood, 1978;
Naranjo & Ellsworth, 2005). The general equation for s
detcrmination i

L =[D~ (1 -MXI— M)}, and
D=[1-(1-MNI - M1 - M)l

where M, is the marginal mortality for Escine or stage A, B,
or C. L. is the irreplaceahle mortality for Eascior or stage C
and excludes marginal mortality of the faceor or stege of
interest (which in this case is C).

Key-factor analysis. Data were transformed to natural
logarithms for key-factor analysis. The method of Vardey &

Teble 1 Matrix for deternuning murginal reses of mortality of Bemisia tadwci from sppsrent rates of edevant competing coplcmporsneous

factors, besed on the methods of Naranjo & Elsworth (2005)

Marginal rate (M) Appurent rate {(d,) Oher sppurent rases (d,) Soage
avisbds Iezvisbalit Predation + didod s
Predstion Prodation Dislodgement Egg and ol oypenph: stages
Unknown Unknown Predstion + dislodgernent Egg and all oymph mages
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Gradwell {1960) was used to calculats individual sources
of mortality (k) and therefore total mortality (K) for each
generation, where k = log number before mortality minus
log number after mortality, and represents a proportion of
the number dying due to the observed mortality factor.
The method of Podoler & Rogers {1975) was then used to
quantitatively evaluate key factors by regressing individual
k-values on total K. This method identifies the key factor
as that associated with the Jargest regression coefficient
(slope). The method of Smith (1973) was then used to
determine the relative importance of all factors by
sequentially eliminating each key factor based on the
regression coefficient until all but the final two factors were
eliminated. Partial life tables were then constructed using
the above values.

Results

Mortallty speriments

Sources and levels of mortaliry. Partial life tables were
developed for all 12 generations of eggs and mymphs
separately with considerable variation in marginal mor-
tality rates for each factor across all the generations
{P<0.001, n=12). The highest mean rates of marginal
mortality across all stages were associated with parasitism
(0.30 1 0.127) (mean 1 SE), followed by dislodgement
(0.29 1 0.039), predation (0.17 £ 0.020), inviable eggs
{0.04 £ 0.009), and unknown death being the least (0.03 +
0.009). Holm-Sidak pairwise comparisons (Hochberg &
Tambhane, 1987) revealed significant differences between
dislodgement and the other mortality factors affecting
the egg population (P<0.001, n=3) but no significant
difference was observed between mortality due to preda-
tion and that due to inviability (Table 2).

Table 2 One-way analysis of variance of marginal rates of Bemisia
tabaci egg and nymph mortalities across 12 generations on
cassava in Uganda

Eggs Nymphs

Sources of mortality (P values) (P values)
All sources 0.001 0.001
Dislodgement va. inviable 0.001 -
Predation v, inviable 0.121 -
Dislodgement vs. predation 0.001 0.133
Dislodgement vs. unknown death - 0.001
Parasitism vs. unimown death - 0.001
Predation vs. unlmown death - 0.001
Dislodgement vs. parasitism - 0.444
Parasitistn ve. predation - 0.452

127 @ Inviability
& Uninewn gdasth
14 B Paraaltism
B Pradatien
0.8 1 W Dislodgamen

. Rao t inald IRBAr Insta inslar
8lage

Fgure 1 Mean levels of mortality factors within each immature

Bemisia tabaci stage expressed as k values, across all generations

on cassava in Uganda,

Pooled over all developmental stages, the highest
marginal mortality rate was observed in the fourth instary
(0.27 + 0.101) followed by the eggs (0.18 % 0.119), first
{0.16 £ 0.079) and second instar (0.14 £ 0.062), with the
least in the third instar (0.2 + 0.045). Across generations,
the highest levels of mortality were associated with para-
sitism, dislodgement, and unknown factors (Figure 1). There
were no significant differences (P = 0,340, n = 12) in
marginal rates of mortality across generations. Pooled over
all instars, there was significant variation in the rates of mar-
ginal mortality acting on the nymph population (P<0.001,
n=4) and pairwise comparison (Holm-Sidak) revealed
significant differences (P<0.001, n = 4) between all mor-
tality factors except between predation and dislodgement,
dislodgement and parasitism, and parasitism and preda-
tion (Table 2). Basing on the methods of Otim etal
(2005), parasitism was mainly due W Encarsia sophia
(Girault and Dodd) and Eretmocerus mundus (Mercet),
which are the most commonly occurring B. tabaci para-
sitoids in Uganda (Otim et al., 2005). A parallel study
(Asiimwe, 2006) showed that predation was mainly due
to Serangium spec. nov. {Coleoptera: Coccinellidae). Pooled
over all instars, highest levels of dislodgement were
observed on the first 3 days of the instar, with the numbers
gradually rising until they peaked on the third day of a new
instar (Figure 2).

Key-factor analysis. Using the methods of Smith (1973) and
Podoler & Rogers (1975), multiple regressions were performed
to determine the key factor for each stage. This was carried
out for all mortality factors in each stage. Results revealed
dislodgement as the major factor contributing to overall
mortality in the egg populations {P<0.001, R? = 0.66).
No other factor was found to significantly contribute to
generational mortality in the egg populations. In the
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following heavy rains. Similarly, Avidov & Harpaz {1969)
revealed delays in outbreaks of B. tabaci populations in the
Jordan valley fellowing low relative humidities caused by
Khamsims {(hot and dry winds). Results from our mani-
pulative experiments, in which the plants were protected
from heavy rain, resulted in dislodgement rates that were
not significantly different from those of unprotected
plants. Considering the otherwise favourable dimatic field
conditions in our plots, and given that the experimental
area does not experience high winds or large variations in
relative humidity, we ruled out the effect of weather as a
major whitefly dislodging factor. Whitefly dislodgement
by chewing insects was also considered. Considering that
Serangium spec. nov. kills its host by sucking out its con-
tents and ieaving the corpse on the leaf, only sugar ants
were chewing predators capable of removing whitefly
oymphs from the leaf. Observations of sugar ant activity
on the leaf {Asiimwe, 2006} showed that they rarely fed on
B. tabaci mymphs, preferring to feed on honeydew. This
coupled with the fact that they were anly occasionally seen
in the fields, yet dislodgement was consistently high in
most generations rules them out as a major cause of the
observed dislodgement. Thus, it appears that dislodge-
ment is related to life history and/or physiological factors.
As shown in Figure 2, most of the dislodgement occurred
on the third day of each instar, indicating a possible failure
of the newly formed nymph to reinsert its stylets into the
phloem of the leaf after moulting as shown by Walker &
Perring (1994). In addition, studies by Jiang et al. (2001)
on whitefly host resistance suggested that resistance is
correlated with epidermal and/or mesophyll features that
inhibit whiteflies from reaching phloem sieve elements
explaining that the plant develops a defence mechanism
whereby on reinsertion of the mouth parts, the oymph
finds the plant sap unsuitable and thus starves and drops
off after a few days. This could have been the case in our
study.

Our study revealed that parasitism in the fourth instar is
the most important factor driving oymphal mortality,
while dislodgement is the key factor determining egg
mortality. The relatively high irreplaceable mortality from
parasitism, coupled with parasitism being the key morta-
lity factor, points to its importance in reducing the nymph
populations. This differs from previous similar studies
on B. tebaci where Horowitz et al. (1984) found mortality
due to disappearance in the first instar to be the key factor,
and the most recent study by Naranjo & Ellsworth (2005},
which found predation in the fourth instar as the major
factor. These studies, hawever, were conducted using cotton
as the host plant. The differences observed in this study
could be due to the different microenvironment provided
by cassava. A bushy year-round semiperennial such as

cassava might provide a more favourable environment for
the more specalist natural enemies such as parasitoids,
The differences may have also ocaurred due to ecasystem
variations between Uganda and Arizona, where their study
was carried out. In Uganda, cassava is grown on small
plots, which are never completely free of whiteflies and
given that the cassava growth cycle is 1 year, the whiteflies
are present all year round although the highest populations
are observed at 3—4 months after planting. On harvesting
the cassava, the whiteflies migrate to new cassava plants as
there are no good alternative hosts for the cassava whitefly.
This is in contrast with the Arizona system, where cotton has
a spring and summer growth cycle (March-September),
followed by a cool fall and winter during which no
whitefly and parasitoid development occurs. On harvest-
ing the cotton, the whiteflies move to other host plants
where they develop until a new cotton crop is planted.
Sucking predators, though observed in relatively high
nurmbers, contributed much less to mortality compared to
dislodgement and parasitism in both the eggs and nymphs.
This could have been due to the fact that there was only
one prominent sucking predator species, Serangium spec.
nov. This contrasts with the cotton systern described by
Naranjo & Ellsworth (2005) where up to three species were
found to contribute significantly to predation.

Results of this shudy serve to corroborate results of a
similar study by Legg (1995}, which found parasitism in
the fourth instar and dislodgement in the eggs as the key
factors, The study by Legg (1995) was carried out in a pre-
CMD-epidemic situation while this study was carried out
in the current post-epidemic situation. The similarity in
results shows the absence of major differences in major
factors causing B. tabaci mortality in pre- and post-epidemic
situations.

The cohort-based system coupled with the daily obser-
vation of each individual in the cohort was ahle to give us
comprehensive measurements on the rates of mortality
affecting this pest, The combination of dislodgement and
natural enemies causes most of the mortality observed on
casszva in the field. Because parasitism is the key late stage
source of mortality, enhancing the overall effect of para-
sitism is the most effective way of increasing overall genera-
tional mortality. Studies by Morris (1957) revealed that
adding mortality to a factor that is already occurring at
high levels will have a greater effect in reducing genera-
tional survival than adding it to a low level factor. In our
case, addition of mortality to fourth instars and in parti-
cular ta parasitism and dislodgement at this stage will bring
about adequate control or even reduction of this pest on
cassava. Therefore, efforts aimed at conserving and/or
enhancing the levels of parasitism at this stage should be
adopted for cassava. A good option in this case would be to
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promote development of cassava varicties that support
fewer B. tabaci numbers but encourage survival and
oviposition of the native parasitoid species in Uganda and
for this, future studies will need to concentrate on finding
Jocal land races or developing new varicties that discourage
option for enhancing mortality could be the introduction,
of exotic parasitoids to complement the mative species.
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Abstract

Eretmocerus mundus Mercet and Encarsia sophia Girault and Dodd (all Hymenoptera:
Aphelinidae) are the most abundant parasitoid species attacking Bemisia tabaci (Gennadius)
(Homoptera: Aleyrodidae) on cassava in Uganda. However, there are no studies of their life
history parameters. This study therefore aimed at providing the first information on the
development duration, longevity and fertility of these parasitoids on cassava, Manihot esculenta
Crantz under laboratory conditions. The initial egg count on emergence averaged 35 = 1.54
(mean + SEM) and 3 + 0.22 eggs per female for E. mundus and E. sophia, respectively. The egg-
to-adult development duration of E. mundus was 19.6 + 0.1 days and for E. sophia was 17.4 =
0.1 days. There was no significant difference between the development duration of females (19.7
% 0.1 days) and males (19.6 + 0.1 days) of E. mundus, whilst the fer;lales of E. sophia developed
ca. two days earlier than their male counterparts. Mean longevity when provided honey was 5.4
days for E. mundus and 6.6 days for E. sophia, whilst the corresponding values, when females
were provided hosts, averaged 5.5 days and 11.3 days, respectively. Average progeny production
averaged 25.6 offspring for E. mundus and 16.5 for E. sophia. The net reproductive rate of E.
mundus was 13.1 as opposed to 15.5 for E. sophia. The intrinsic rate of increase was 0.1 for E.
mundus and 0.105 for E. sophia. Mean generation times were 24.9 and 26.2 days for £. mundus
and E. sophia, respectively. The results suggest that E. mundus is the most suitable candidate for
high B. tabaci population control, whilst E. sophia may be effective under low B. tabaci
populations. The data collected may be of use in future in case parasitoids are to be imported for
control of B. tabaci on cassava.

Key words:  Aleyrodidae, Aphelinidae, Generation time, Homoptera, Hymenoptera, Intrinsic
rate of increase, Manihot esculenta, Net reproductive rate
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Introduction

Whiteflies attack vegetable, ornamental, and agronomic crops throughout the world, and have
caused enormous damage to many crops during the past century (Gerling, 1990; Gerling snd
Mayer, 1996). The whitefly, Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidac) transmits
cassava mosaic geminiviruses (CMGs) that cause cassava mosaic disease (CMD) (Bock and
Woods, 1983), estimated to cause annual losses of between 12 and 18 million tonnes of cassava
in Africa (Thresh er al., 1997). Besides virus transmission, high whitefly populations are
associated with mould on leaves, petioles and stems,’ reduction of leaf size, distortion of leaf
shape, mottied chlorosis and general stunting (Legg ef al., 2003). In order to manage B. tabaci
and the disease, the four comerstones of integrated pest management (IPM) (host plant
resistance, biological control, cultural control and chemical eonuob can be employed (Hilje et
al., 2001). To date, however, control of the disease has mainly relied on host plant resistance,
without direct attempts to control the vector. Recent research in Uganda has focused on
identifying the principal parasitoids of B. tabaci on cassava and understanding their population
dynamics (Otim et al., 2005; Otim et al., 2006). The aphelinid parasitoids, Eretmocerus mundus
Mercet and Encarsia sophia Girenlt and Dodd (Hymenoptera: Apbelinidae) were the most
abundant parasitoids of Bemisia tabaci on cassava in Uganda with E sophia being more
abundant. In a follow up study however, (Otim, unpublished) has demonstrated that E msundus
was considerably more abundant than E. sophia in the same locations. Morcover, these two
parasitoid species do not offer adequate control for their B. tabaci hosts (Otim, 2002). This study
was therefore initiated to investigate the lifc history parameters of the two parasitoids,
specifically the development duration, longevity and fertility of these specws. This would help 1)

to gain an understanding of the extent to which life history parameters influence abundance of
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the parasitoids in the fieid, and 2) to compare the probabilities that other parasitoids, with
different life histories might be used for improving biological control of B. t@baci in Uganda.
Specifically, the study aimed at determining the development duration, longevity and fertility of

E. mundus and E. sophia attacking B. tabaci on cassava.

Materiais and methods

The experiments were conducted in a laboratory at Makerere University Agricultural Research
institute, Kabanyolo (MUARIK) (ca. 18 km Notth of Kampala at latitude of about 0° 28' N,
longitude 32° 37° W). The area is about 1200 metres above sea level and receives a mean annual
rainfall of 1270 mm in a bimodal pattern, with peaks in April/May in the first season and
October/November in the second season. The maximum temperatures rarely exceed 30°C, while

the minimum do not fall below 15°C.
Culture of B. tabaci and source of the parasitoids

The B. rabaci used in the study were obtained from colonies raised in a screenhouse at
MUARIK. Cassava plants of the variety, Nase 4 were grown in 1-litre buckets containing
sterilized soil. When the plants reached 4-leaf stage, adults of B. tabaci were introduced to
initiate colonies. To obtain adults used in initiating the colony, nymphs were collected from
cassava fields at Namulonge Agricultural and Animal Production Research Institute in 2004 and
held in emergence bottles. Emerged adults were collected daily and introduced on clean plants in
the screenhouse. The colony was maintained on cassava under natural fluctuating conditions

[22.8 % 5.4 °C (range, 15.6 — 34 °C) and 64 £ 20.2 % r.h (range, 25.3-91.7 % T.h).
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The parasitoids used for this study were reared from parasitized nymphs collected from the same
fields as the B. tabaci nymphs. The parasitoids were collected a few days before observations

and the parasitized nymphs were placed in emergence bottles.

Parasitoid life history

Development duration of E mundus and E. sophia

20-30 females of E. mundus and E. sophia (0-24 hrs old) were caged on leaves of five plants
bearing 100-200 third/fourth instar nymphs of B. rabaci each, in a screenhouse under fluctuating
climatic conditions. The parasitoid females were removed after 24 hours, and the whitefly were
held under similar conditions in the laboratory until the parasitoids pupated. The mean laboratory
conditions were: Temperature 24.4 (°C) (range, 19.8-30.3); Relative humidity 65.5 % (range,
24.7-87.1). Upon parasitoid pupation, the leaves containing pupac were removed from the plant,
put in petri-dishes and monitored daily for subsequent emergence. The numbers and sex of the
emerging parasitoids were determined daily. Development duration was calculated from the
period between parasitoid female introductions to adult emergence.

Longevity

Longevity was determined in the laboratory, under similar conditions to the above, for
parasitoids maintained on two food sources, honey and B. tabaci nymphs. For the honcy
experiment, the inside of glass vials of size, 7.8 cm in length and 2.3 cm in diameter were
streaked with honey and newly emerged (<24 hrs old) female adults of each parasitoid species
were placed individually in each glass vial. Honey was renewed when necessary, the parasitoids’
presence monitored daily until death and their longevity recorded. For longevity when exposed

to nymphs, the survival duration of parasitoids used in the fertility experiment was used.
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Initial egg load and fertility of E. mundus and E. sophia
In order to determine the initial egg load on emergence, 50 females of each of the two parasitoid
species were dissected shortly after emergence (< 24 hours old) and the number of mature eggs

counted.

The fertility of E. mundus and E. sophia was studied in the laboratory under similar conditions to
that of the development duration. Parasitoid pupae of either species were collected from the field
and kept under laboratory conditions in emergence bottles. A newly emerged female (0 — 24 hrs
old) was confined with a conspecific male in a gelafine capsule for 24 hrs. Thereafter, each
couple was transferred into an open giass tube (15 X 5 cm) with a fine insect screen on one side
and open on the other end. Upon release of the parasitoids, an infested cassava leaflet was
inserted into the tube, and the tube opening was closed using a round piece of foam. The couples
were provided with new leaflets every day until the female died. If the male died within the first
three days, another male was introduced into the glass tube. The leaves were thereafter
monitored until parasitoid pupation. Upon pupation, leaflets containing pupae were picked and
placed in petri dishes and the dishes monitored for adult parasitoid emergence. The number and
sex of the parasitoids were determined daily until no more emergences took place. Parasitoid
pupae that failed to produce adults were included in the calculation of total fertility. Based on the
data on development duration, longevity, survival and fertility, age-specific fertility (m,),
intrinsic rates of increase (rm), net reproductive rates (R,) and generation time (T) were
calculated. Age-specific fertility of the adult females (m,) was expressed as the mean number of
female progeny produced by a female of age x per day, whilst, intrinsic rates of increase, net
reproductive rates, and generation time were calculated according to And;ewanha and Birch

(1954) as follows.
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RO =le'mx

T= xl,m, 3 1m)

r,=(nR,).T"

Data analysis
Data on longevity and fertility were subjected to ANOVA, while development duration between

species and sexes of species was analysed using T-statistics (Genstat Discovery Edition). In
calculating progeny numbers, only ovipositing f;males were considered. Data on age specific
fertility (mean number of female progeny per ovipositing female) were plotied against the age of
females, and a regression analysis was performed to test the relationship between numbers of

adult progeny and longevity for each parasitoid species.

Resulis
Development duration of E mundus and E. sophia

There was a significant difference between the development duration of the two parasitoid
species (s = !4.7; P<0.001) and between the females and males of E. sophia (t;y = -9.17;
P<0.001), whilst there was no significant difference in-development duration between the sexes
of E. mundus (t2s4 = 10.54; P = 0.578) (Table 1). Encarsia sophia developed two days earlier
than Eretmocerus mundus. The males of E sophia developed two days later than their females
from hosts exposed to females for only 24 hours. Peak numbers of E mundus parasitoids
emerging occurred at 19 d and 20 d for females and males respectively, while peak emergence of

E. sophia occurred at 17 d for females and 19 d for males (Figure 1A & B).

Longevity of E mundus and E. sophia
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Mean longevity did not vary significantly (p > 0.05) between females of both species when
provided with honey; longevity averaged 5.5 + 0.45 days {mean + SEM) (range, 2-13) for E.
mundus and 6.6 £ 0.57 days (range, 1 — 11) for E. sophia. Longevity was however significantly
(P<0.001) higher for E. sophia (11.3 + 1.94 days; range, 1-25) than E. mundus (5.5 + (.57 days;

mnge, 1 — 12) when hosts were provided.
Initial egg load and fertility of E. mundus and E. sophia

Upon emergence, the initial egg count differed significantly (P<0.001) between species; E.
mundus had an average of 35 £ 1.54 (n = 50, range, 2-54) mature eggs per female, while E.

sophia had an average of 3 + 0.22 (n = 50, range, 0 — 7) eggs per female.

There were no significant differences (P > 0.432) between the total progeny across species, and
between female and male progeny of E. mundus. Encarsia sophia however, produced
significantly (P = 0.012) more fernales that males (Table 2). Age-specific fertility was higher for
E. mundus for the first 10 days, averaging ca. 2 daughters per female and gradually declined
thereafier (Figure 1C). For E. sophia, age-specific fertility ranged For E. sophia the m, averaged

one female per female per day and oscillated between one and two (Figure 1 D),

A regression of fertility on female longevity showed that the longer the female lived, the more
were the eggs laid (Figure 1 E & F). On average, an ovipositing female E. mundus, lived for 7
days (range, 2-12 days), whilst those that never laid lived for 3 days (range, 2—6 days). Encarsig
sophia that laid lived for 13.8 days (range, 2-25), whilst those that never laid lived for 7.4 days

(range, 2-25).

Life table parameters of E. mundus and E. sophia
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The pet reproductive rates (Rg) were 13.]1 and 15.5 daughters per female per generation for E
mundus and E. sophia, respectively. Generation time was 24.9 days and 26.2 days for K. mundus
and E. sophia, respectively and intrinsic rates of increase were 0.1 daughters per female per day
for E. mundus and 0.105 daughters per female per day for E. sophia.

Discnssion

The study showed differences in development duration between E mundus and E sophia, and
the females and males of E sophia, initial eggload at emergence and longevity when the
parasitoids were provided hosts. The two parasitoid species however lived for a similar duration
when fed on honey. Eretmocerus mundus had more eggs and lived for shorter period than E
sophia,whistE.sophzhdevelopedtwodayseaﬂierﬂmnEmmdz;s. It was also observed that
males of E sophia developed from hosts that were exposed to parasitoids for a period of 24 hrs.
There is no published information on the life history of parasitoids attacking B. tabaci on
cassava. However, the present results can be compared with those on the same species attacking

whitefly on other plants (Tables 3, 4 & 5).

The development durations of the two parasitoids reported by other authors are listed in Table 3.
The observation of shorter development duration E. sophia compared to £ mundus on B. tabaci
were reported earlier (Kapadia & Puri, 1990). In the present study, £ sophia females developed
in l6.8d,whichislongummmedcveloptnmtdﬁnﬁmreponedforlhemneparuitoidspecies
on sowthistle, cotton and sweet potato (Gerling, 1983; Kapadia and Puri, 1990; Antony ef al.,
2003) (Table 3). A longer development duration (18.7 d) of E. sophia was reported by Kapadia
and Puri (1990) at 21.1 °C and 533 % RH. The development duration of E mundus (19.6 d) is

within the range reported by De Barro ef al. (2000). Gamee! (1969) and Sharaf and Batta (1985
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b) reported longer development durations of E. mundus of 30 d at 29.5 °C and, 44 d at 14 °C.
Similarly, Qiu er al. (2004) reported longer development durations of E. mundus; 64 d at 15 °C
and 29.1 d at 20 °C. In contrast, shorter durations of development were reported for E. mundus
by other authors depending on temperature, E. mundus strain and host stage attacked (Table 3).
The development duration of both parasitoid species are lower than the 33.3 days reported for B.
tabaci on cassava (Legg, 1995), which means the parasitoids are capable of multiplying at a
faster rate than their host. Nevertheless, longevity and fertility also affect the performance of

parasitoids in the field. .

The observations in the present study that male-producing eggs of E. sophia developed from
nymphs exposed to females for only 24 hours seems to be inconsistent with the autoparasitic
habit of that insect, which required that male-producing eggs be deposited when female larvae
are already in-the host, thus enabling the autoparasitic life mode (Gerling, 1983; Hunter and
Kelly, 1998). Gerling and Rejouan (2004) observed that eggs laid two days after female
producing eggs were laid produced males. The present results seem to suggest that male eggs can

be laid the same day as their female counter parts.

The longevities of the two parasitoids reported by other authors are listed in Table 4. Longevity
of E. mundus when provided with nymphs was similar to those provided with honey, while E.
sophia lived for a longer period when provided hosts than when honey was available (11.3 d vs.
6.6 d). Contrary to the present observation, Qiu er al. (2004) and Ghahari et al. (2005) observed a
shorter longevity of E. mundus in the presence than in absence of hosts. They attributed the
differences in the presence and absence of hosts to the effect of transfeningﬂparasitoids to fresh
hosts and loss in quality of leaf disks, respectively. In the present study, fresh and intact leaves

were provided daily and so leaf quality might not have influenced parasitoid longevity. Yet again
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the effect of transfer might have been minimal since the parasitoids were tapped off the leaf onto
the glass and they were moved with the giass. Powell and Bellows (1992) observed ionger
longevity of E. eremicus on cotton in the presence of hosts than in their absence and attributed it
1o a better nutritional quality of the honeydew secreted by the host nymphs. This argument may
be true but does not answer the question why E. mundus lived for a similar duration both i the
presence and absence of hosts. Therefore, the reasons for the similarity in the longevity of £
mundus in the presence and absence of hosts, and longer longevity of E. sophia when provided
hosts seems to also be due to inherent factors that affect their biology.

The mean longevity of E. mundus with access to hosts (5.5 d) in the present expcriment
corresponds to the 6.1 d at 10 °C, but is lower than the 3.1 d at 23 °C found by Tawfik er al.
(1978) on cotton. All the other authors, however, reported higher longevity values than the one
got in the current study (Table 4). Longevity of E. sophia reported in this study is longer than the
42 d and 54 d reported by Heinz and Parella (1994) on two poinsettia varicties. The possible
reason could be due to provision of plucked leaves during their study as opposed to the provision
of intact leaves in the present study. [t could also be due to difference in test plant characteristics
and populations of the parasitoids used. There are no reports on the longevity of E. sophia o
compare with the current observations. Since longevity is positively related to efficiency

(Godfray, 1994), it is important to increase the longevity of the parasitoids.

Mean fertility in the present study was mneasured as the number of progeny that emerged plus
those that reached pupal stage. In most studies however, the numbers of cggs laid were used o
measure the reproductive potential of the parasitoids. Powell and Bellows (1992) argued that
measurements based on egg counts do no take into account mortality before aduit emergence and

may therefore lead to over representation of the reproductive potential. The mean fertility of E.
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mundus and E. sophia in the present study were 25.6 and 16.5 progeny per female, respectively.
The fertility of E. mundus in this study is close to the fecundity values reported by Sharaf and
Batta (1985 b) (20 eggs per female at 14 °C; 27.4 eggs per female at 25 °C) and by Ardeh (2004)
on gerbera (19 and 26.8 eggs per female for the thelytokous and arrhenotokous populations of E.
mundus, respectively). Similarly, Ardeh (2004) reported a fecundity value of 28.6 eggs per
female for the thelytokous population of E. mundus on poinsettia. The fertility of E. mundus in
this study falls within the mean fertility range reported by Powell and Bellows (1992) for an
unknown Erefmocerus sp., which ranged from 20.to 47 progeny per female depending on source
of the Eretmocerus, and host plant used. Reports on the fecundity and fertility of E. sophia are
not available, but the value got falls way below the reported fecundity of a congeneric, E.

tricolour on cabbage (85 eggs per female).

There are many scenarios that could explain the differences between fecundity and fertility
values. The numbers of eggs laid per female vary depending on host plant influence (Heinz &
Parella, 1994; De Barro et al., 2000; Ardeh, 2004), experimental procedure and conditions. In
order to oviposit, E. mundus females stand beside their host and locate a suitable position
between the nymph and the leaf surface where they can lay their eggs (Gerling, 1990). Therefore,
a host plant with smooth leaves like gerbera, where the margin of the nymph is flat on the leaf
surface, results in difficulties during oviposition for the females (Headrick ef al., 1996 a & b;
Ardeh, 2004), whereas hairy plants like poinsettia, tomato and melon make placement of the
eggs under the nymph easier since the nymph does not rest flat on the leaf surface (De Barro et
al., 2000; Ardeh, 2004). In addition, iength and density of leaf hairs can interfere with the
movement of the parasitoids and reduce parasitism (van Lenteren et al., 1995; De Barro et al,,

2000). While it is evident that host plant species affects fecundity and fertility of parasitoids,
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experimental procedures could also have contributed to the differences between published results
and the present study. For instance, De Barro ef al. (2000) and Ghahari ez al. (2005) studied the
parasitoids over a ten day period, while Ardeh (2004) and the present one assessed the numbers
of progeny per female until the female died. Furthermore, as noted by Sharaf and Batta (1985 b),
the fecundity of E. mundus increased with increase in temperature (Table 5). Cassava (a glabrous
variety) was the only host plant used in the current study and no other host plant was suitable for
fecundity studies because attempts to rear this specific B. tabaci biotype on cotton and sweet
potato did not succeed. Since survival was positively related to progeny production,

improvement of the survival of the parasitoids could enhance B. tabaci control on cassava.

The demographic parameters calculated for E mundus (Ro = 13.1; Tc = 24.9; r = 0.1) are lower
than the values for £ sophia (Ro = 15.1; T = 26.2; ra = 0.105). The net reproductive rate of £
mundus in the current study compares with that reported for the arthenotokous population of E.
mundus on gerbera (Ardeh, 2004), but lower values were reported by Ardeh (2004) and Ghahari
et al. (2005). The higher intrinsic rate of increase of E. sophia compared with that of E. mosdus
may partly be attributable to the greater longevity and highly female biased sex ratio (ca. 99 %
female E sophia progeny compared to ca. 59 % female E mundus progeny in the entire
experiment). The intrinsic rate of increase of E. mundus is lower than the values reported for the
different populations of E. pumdus on the various plants (Ardeh, 2004). This is expected because
of differences in populations of £ nundus used, host plants and use of numbers of eggs laid for
calculating ra. For comparison between B. tabaci and its parasitoids on cassava, there is a need

to gather information on the development duration, longevity and fertility of B. tabaci.

From the life history parameters, it is evident that E. mundus may be a good candidate to reduce

high populations of B. tabaci since it lives for a short time (5.5 days) and produces a little more
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offspring than E. sophia. Encarsia sophia on the other hand would be good under low B. tabaci
populations because it lives for a longer period (ca. 11 days) and produces few eggs per day. The
data collected may be of use in future in case parasitoids are to be imported for control of B.

tabaci on cassava.
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Table 1. Preimaginal development duration of E. mundus and E. sophia parasitizing B. tabaci

Preimaginal development period (days)

sex N Mean + SE Range
E. mundus (23 154 19.7+£0.11a 16-23
38 131 19.6+0.14a 16-24
df 254
t 0.56
P 0578
E. Sophia o1 59 16.8+0.10a 16-19
33 2 18710.18b 17-20
df 19
t ~9.17
P - P<0.001
Grand mean
E. mundus 285 19.6:0.09b 16-24
E. Sophia 81 174+0.13a 16-20
df 14.7
t 164
P <0.001

Data with a column followed by same lower case letters are not statistically different

(ANOVA; P> 0.05).
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Table 2. Adult female fertility of £. mundus and E. sophia attacking B. tabaci on cassava

Adult life time fertility (adult progeny)

Sex Mean + SE Range
E. mundus (n =21) Q0 13.1£29a 1-49
aa 10.1£25a 0-46
P-value 0.432
E. sophia (n=13) Qe 155+56b 1-72
338 02+0.0a 0-2
P-value 0.012
Grand mean
E, mundus 256+5.4a 2.95
E. Sophia 16.5+57a 3-73
P-value < 0272

Data with a column followed by same lower case letters are not statistically different (ANOVA; P> 0.05)
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1 Table3. Preimaginal development durstion of E. muwadus and E. sopkia reported in
2

literature
Host whitefly Test plant Development  Temperature,*C
time (days)
Reference E. mundus
Present study B. wbaci Cassava 19.8 244°C
Gamezel, 1969 Cotton 30 295+
Tawfik et al., 1978 B. argentifolii Sweet potato 179 298°C
Sharaf & Batta, 1985b  B. tabaci tomato 44 14°C
tomato 16 25°C
Kapadia & Puri, 1990  B. tabaci Cotton 17.1 214°C
cotton 16.7 19.4°C
cotton 159 21.1°C
Jones & Greenberg, B. argentifolii sweetpotato 15.4 26°C

1998 .
De Barro etal, 2000  B. argentifolii 19-22 (not 18°C-30°C

Cotton
rockmelon specified for
tomato

crops)
hibiscus .

Ardeh, 2004 gerbera 15.4™ 26°C
tomato 16.1™
poinsettia 15.6™
gerbera 153%
tomato 152"
poinscttia 156"

Qiu ez al., 2004 B. argentifolii poinsettia 64 15°C
poinsettia 29 20°C
poinsettia  17.] 25C
poinsettia 14 32%C

Ghahari et al., 2005 B. tabaci Cotton 18.7 (N1) 25°C
cotton 15.9 (N2)
cotton 16.4 (N3)

E. sophia

Present study B. tabaci Cassava 18 244°C

Gerling, 1983 T vaporariorum sowthistle 15 24-26°C

Kapadia & Puri, 1990  B. tabaci Cotton 8.1 289°C
colton 10.6 21.4°C
cotton 143 194°C
cotton 18.7 21.1°C

Antony et al., 2003 B. tabaci sweetpotato  11.3-15.1 25-30°C

3 ™ g ¥=Development duration of the thelytokous and arthenotokous populations of E. mundics,
4  respectively. NI, N2 & N3 = first, second and third nymphal instars, respectrively.
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Table 4 Longevity of E. mundus and E. sophia reported in literature

W N

Reference Host whitefly Test plant Longevity Temperature, °C
(days)
E. mundus
Present study B. tabaci Cassava 5.5 24 .4 °C
Tawfik et al., 1978 B. argentifolii Cotton 6.1 10°C
cotton 3.2 23°C
Tawfik et al., 1978 B, tabaci Tomato 1.6 18 °C
Tomato 10.5 30°C
Sharaf & Batta, 1985 b B. tabaci Tomato 11.3 14 °C
tomato 9.1 25°C
Qiu et al., 2004 B. argentifolii Poinsettia 14.4 15°C
poinsettia 11.3 20°C
poinsettia 124 25°C
Ghahari et 4., 2005 B. tabaci Cotton 7.6 25°%C
Ardeh, 2004 Gerbera 8.4% 26°C
tomato 9,2t
poinsettia 7.6
gerbera 9.2%
tomato i
poinsettia 8.0~
E. sophia
Present study B. tabaci Cassava 11.3 24.4 °C
Heinz and Parella (1994)  B. tabaci Poinsettia A 4.2
&eigz and Parella (1954) B. tabaci Poinsettia B 54
o

= Longevity of the thelytokous and arrhenotokous populations of E. mundus, respectively.
A = cultivar “Annette Hegg Brilliant Diamond, B = cultivar, “Lilo”
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Table 5. Fecundity/fertility of E. mundus and E. sophia reported by other authors

2
Host whitefly  Test plant Fecundity/ Ro Ta Temperatare,
Fertility *C
Reference E. mundsus
Present study B. tabaci Cassava 256 3.1 0.1 244
Tawfik et al., 1978 B. tabaci swectpotato 14.5 18°C
B. argentifolii  sweetpotato 48 20°C
Sharaf & Batta, 1985b B. tabaci Tomato 20 14°C
Tomato 274 25°%C
De Barroetal , 2000 B, argemtifolii  Cotton 97.8 18°C-30C
rockmelon 1383
tomato 107.8
soybean 96
hibiscus 105.3
Ardeh, 2004 Gerbera - 19 17 017 26C
tomato 5462 51 0.23
poinsettia 2860 26 020
gerbera 26.8 12 0.15
tomato 117.5" 55 0.23
poinsettia 49.4% 23 0.19
Qiuet al, 2004 B. arpentifolii  Poinsettia 10.7 15°C
poinscttia 434 20°C
poinsettia 425 25C
Ghahari et al., 2005 B. tabaci Cotion 81.7 25°C
E. sophis
Present study B. tabaci Cassava 16.5 155 0.105 244°C
Antony et al., 2003 B. tabaci Sweetpotato 25-30°C

3 ®9E¥_ Fecundity of the thelytokous and arrhenotokous populations of E. mundxs, respectively.
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Figure 1.

Variations in the development duration (days) of E. mundus (A) and E. sophia (B),
age-specific fertility (m,) and survivorship of females () during the fertility
experiment (middle panel: C, E. mundus; D, E. sophiai) and the relationship between

numbers of progeny with female longevity (bottom panel: E, mundus; F, E. sophia)
on B. tabaci attacking cassava
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Evaluation of Serangium n. sp. (Col., Coccinellidae), a predatur of
Bemisia tabaci (Hom., Aleyrodidae) on cassava
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Abstract The potential of a new, previously unidentified Serangium species (Col., Coccinellidae) to control the high
Bermisia tabaci (Gennadius) (Hom., Aleyrodidae) populatiofls on cassava was evalvated. Field and laboratory studies
were carried out to determine the abundance and feeding capacity of this Serangitrn species feeding on B. tabaci on
cassava. Serangium nymphs and adults were most abuyndant in cassava fields late in the season, rising sharply from
S months after planting (MAP) to a peak at 7-8 MAP. Pre-imaginal development averaged 21.2 days and was longest
in eggs and shortest in the L, instar. Mean total prey consumption of immature Serangium increased with the stage of
development with the lowest consumpticn in the L, instar and highest in the L, instar. Mean daily consumption was
lowest on the first day after hatching in the L, instar and rosc to a peak on the 13th day after hatching in the L, instar,
Each Serangiwm larva consumed a mean of over 1000 nymphs during its cntire development. These results have
demonstrated the potential of this Seramgium species Lo control B, tabaci populations on cassava.

Key words: biological control, pre-imaginal development, prey abundance, prey consumption

1 Introduction

Bemisia tabaci (Gennadius) (Hom Aleyrodldae) is- a
widely distributed pest species colomzmg many agri-
cultural systems including greenhouses in.both the
tropics and subtropics (Oliveira et al. 2001). It is a
major vector of viral plant diseases espedaﬂ¥_begom0-
viruses (Brown and Bird 1992}, and in Africa, it
transmits cassava mosaic geminiviruses, which cause
cassava mosaic disease (CMD) (Bock and Woods
1983). This discase has resulted in devastating yield
losses throughout cassava growing regions in Eastern
and Central Africa with losses in Uganda estimated at
several millions of US dollars at the height of the
epidemic during the early 1999s (Legg and Ogwal 1998;
Otim-Nape et al. 2000). The development of virus
resistant cassava varieties. resulted in alleviation of the
CMD-caused damage. However, feeding of B. tabaci
also results in direct damage, which is shown by leaf
chlorosis, a mottled appearance, reduction in plant
vigour, general plant stunting and mduction of phyto-
toxic disorders (Bedford et al. 1994). In addition, B.
tabaci also causes indirect damage through production
of honeydew that results in growth of sooty mould on
leaves, petioles and stems. The new virus resistant
varieties are often very susceptible to both direct and
indirect whitefly damage, which may result in crop

* " reduction of up to 50% (Legg et al. 2003). This has led

to a need to develop and integrated approach to the
management of this pest, and predators are being
explored as an option. Recent studies (Otim 2006) have
identified a new species of Seranglwn (Col., Coccin-
ellidae) consistently occurring wherever cassava is
grown in Uganda.

Serangium spp. are widely distributed in the world
and are known to be useful predators of many whitefly
species. The most commonly studied Serangium species
is Serangium parcesetosum Sicard. It has been recorded
feeding on B. tabaci on cotton (Kapadia and Puri
1992) and Aleuralobus barodensis Mask (Shah et al.
1986). It has also been successfully used against the
citrus whitefly, Dialeurodes citri Ashmead (Yigit
1992a,b; Uygun et al. 1997; Yigit et al. 2003) and the
siiverleal whitefly, Bemisia argentifolii (= B. tabaci)
(Legaspi et al. 1996, 2001; Ellis et al. 2001), Several
studies to determine the biology of S. parcesetosum
feeding on different whitefly species have been con-
ducted. Timofeyeva and Nhuan (1979) determined its
development, mortality and fecundity when feeding on
D. citri on citrus at 20-23°C, Kapadia and Puri (1992)
determined its biology with B. tabaci on eggplant and
cotton at 23.7°C and Patel et al. {1996) studied its
development and longevity with 4. barodensis on
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sugarcanc at 27°C. Stodies on prey consumption by
Legaspi et al. (1996) showed that both larvac and
adults of S. parcesefosum are voracious feeders of
immature whiteflies capable of consuming up to 400
nymphs in & 24-h period. They also found the
cumnulative lifetime predation rate to be about 5000
nymphs per adult beetic. These studies, therefore,
document the potential for use of Serangium spp. for

Although it has been shown that all of the known
coccineilids belonging to the tnbe Seranginii are
obligate predators of whiteflies (Gordon 1985), there
is no documented evidence of their ability 10 feed on 8.
tabaci populations on cassava and therefore aid in
controlling the super-abundant populations on CMD-
resistant varicties, Also, nothing is known about their
abundance relative o age of the plant in cassava fields.
This study therefore aimed at determining the abun-
dance, development duration and consumption rates
of Serangium o. sp. (here after referred o as Seran-
gim) on cassava in Uganda.

2 Materials and Methods
2.1 Field studies

A ficld experiment was set up at National Crops Resources
Rescarch Institute (NACRRI), Namulonge to detormine
the variation in Seramgisent populations with age of the
cassava plant The field meanored 10m by 10 m with
cassava plants spaced at 1-m intervals. The experiment was

planted in August 2003, which coincided with the ead of
the short rains. The time of planting was chosen based oo™

of the leaves and sllowed 10 feed and oviposit on the leaf for
24 b. Following oviposition, the females were removed from
the Petri dish and the eggs were allowed 1o hasch.

Each newly emerged first instar Inrva was placed in a single
Petri dish containing a fresh leaf with alt aymphal stages of
B. tabac! except the pharate adults, es preliminary observa-
tions revealed a tendency of the larvae 10 avoid these stages,
The leaf was placed on a filter paper at the bottom of the
Petri dish, which was punctured with fve small boles at the
top to allow ventilation The sides were scaled with parafilm
to hold the tid and bese of the Petri dish together, and o
prevent escape of the predators. The number of healihy
uymphs prior to introducing the barva was counted. The first
snd second larval instar predators were provided with > 200
oymphs each, while the third and fourth imstary had > 400
eymphs. At 24-h intervals, the Petri dishes were checked w0
determine the aumber of nymphs consmned. The stage of the
iarva was alw recorded and a ew larval instar was
deteroined bused on the prescoce of an exo-skeleton in the
Petri dish. Using a fine brush, the predator nrva was movad
w & new leafl containing prey and the old leaf was discarded.
Glabrous leaves were used 10 allow free movemem of the
predators as they oviposited and foraged for peey. A total of
15 larvae of both sexes were monitoced from hatching time 1o
adulthood. No adults were msed for the consumption studies
because preliminary observations indicated a tendency for
the sdults to walk on the §d, probably looking for an exit
pomt.andnudtbhfomhm;pmy when placed in a
Petri dish. .

Tbnupbudmmmhﬂymdmmdby
counting the momber of predated oymphs, which appeared
transtucent and flat with all or mont of the haemolymph
sucked out. The temperature during the entire study was

* mewpitored by uting a wall thermometer and was 25 + 2°C, a

12L:12D photoperiod and ambicot relative humidity, The
data obtained were subjected 10 anova by osing momasTar 3.0,

the usual cassava-planting scason in Uganda, where farm- lHoim-sidak multipie (Hochberg and Tambane, 1987) com-

ers take advantage of the drought resistant nature of the
uopbyphnnngd\mglltlhmn.inyna_mlﬂ:
anomn;lh:mpmgothmu;hmotmmhpuiod
during the dry scason.
Atlmﬂunﬂuphnmg(w\l’).wl)hmm
nndmly:dnund&umth:unlplot&duphumﬁm
observed from the top to bottom including all leaves (both
the top and underside), peticles and the stemn. A count of all
Serangium larvee and adults was made. Duts’ were collected
once & week for a period of 6 moaoths, ie. from 3-8 MAP
which is the active growth period of cassavs and also the
period when B. wbac populations are highest ou cassava
(Fishpool ¢t al. 1995). Each plant was sampled once and was
only sampled agaio when all the plants in a particular trial
had been sampled. This gave an average of two samplings per
plant over the 6-mounth trial pexiod, with a 10-week interval
for each plant between samplings.

The field counts were compared statistically by using
.egrunoumnlm(mnlo)wdﬁmrdnuomhp
Semmabundmundngoﬂlnuop

1.2 Laboratory stadics

Adult Serangian were collected daily from already estab-
lished cassava Oebds at the Nationa! Crops Rescarch Insti-
tute, Namulonge, by using an aswpinator and were
immediately transferred o the laboratory. All collections
were performed in the mormng hours between 9 am and 11
an. Leaves containing all whitefly nymph developmental
stages were excised from whole plants in the field and
transferred 1o the laboratory. Female Serangivm were placed

© 2006 The Authors

parisons were doue (0 compare prey consumption between
instars.

3 Results

3.1 Sersnginm sbunduace

Serangium larvac were generally more abundant than
adults although both stages showed the same patiem
in population build-up throughout the sampling per-
iod. Very low numbers (<5) of both stages were
observed during the first three sampling months (3-5
MAP). There was a sharp increase in numbers of
Seranmgisen larvae from 5 to 7 MAP, before declining a1
8 MAP. Serangasm adults increased from 5 MAP
peaking at 8 MAP (fig 1). Rmuuonmtymshowd
significant differences between Seranghum
(P=0034, R'=071) and adults (P= 00|I
R* = 0.83), with age of the plant.

3.2 Developasent duration

Pre-imaginal t time ranged 18-27 days
with a mean of 212 days from cgg to adult, Mean
within stage dumtion was highest m cggs
(4.2 £ 0.09 days) (mean + SE) and lowest in the L,
instar (2.3 + 0.11 days). There was litthe variation m
mean development time among L, L; and L, mstars




2

P. Asiimwe et al.

sugarcane at 27°C. Studies on prey consumption by
Legaspi et al. (1996) showed that both larvae and
adults of S. parcesetoswn are voracious feeders of
immature whiteflies capable of consuming up to 400
nymphs in a 24-h period. They also found the
cumulative lifetime predation rate to be about 5000
nymphs per adult beetie. These studies, therefore,
document the potential for use of Serangium spp. for
controlling whiteflies.

Although it has been shown that all of the known
coccinellids belonging to the tribe Serangimii are
obligate predators of whiteflies (Gordon 1985), there
is no documented evidence of their ability to feed on 8.
tabaci populations on cassava and therefore aid in
controlling the super-abundant populations on CMD-
resistant varieties. Also, nothing is known about their
abundance relative to age of the plant in cassava fields.
This study therefore aimed at determining the abun-
dance, development duration and consumption rates
of Serangium n. sp. (here after referred to as Seran-
gium) on cassava in Uganda.

2 Materials and Methods
2.1 Field studies

A field experiment was set up at National Crops Resources
Rescarch Imstitute (NACRRI), Namulonge to determine
the variation in Seramgium populations with age of the
cassava plant. The field measured 10 m by 10 m with
cassava plant.-z spaced at l-m intervals. The experiment was,
plaoted in August 2003, which coincided with the end of
the short rains. The time of pl;mtmg was chosen based, on’

on the leaves and allowed to feed and oviposit on the leaf for
24 h. Following oviposition, the females were removed from
the Petri dish and the eggs were ailowed to hatch.

Each newly emerged first instar larva was placed in a single
Petri dish containing a fresh leaf with all nymphal stages of
B. tabaci except the pharate adults, as preliminary observa-
tions revealed a tendency of the larvae to avoid these stages,
The leal was placed on a filter paper at the bottom of the
Petri dish, which was punctured with five small holes at the
top to allow ventilation. The sides were sealed. with parafilm
to hold the lid and base of the Petri dish together, and to
prevent escape of the predators. The number of healthy
nymphs prior to introducing the larva was counted. The first
and second larval instar predators were provided with > 200
nymphs each, while the third and fourth instars had >400
nymphs. At 24-h intervals, the Petri dishes were checked to
determine the number of nymphs consumed. The stage of the
larva was also mcorded and @ néw larval instar was
determined based on the presence of an exo-skeleton in the
Petri dish. Using a fine brush, the predator Jarva was moved
to a new leaf containing prey and the old leaf was discarded.
Glabrous leaves were used to allow free movement of the
predatars as they oviposited and foraged for prey, A total of
15 larvae of both sexes were monitored from hatching time to
adulthood. No adults were used for the consumption studies
because preliminary observations indicated a tendency for
the adults to walk on the lid, probably looking for an exit
point, and avoid the leaf containing prey, when placed in a
Petri dish.

'ﬂ:le number of prey consumed daily was determined by
counting the number of predated nymphs, which appeared
translncent and flat with all or most of the baemolymph

. sucked out. The temperature during the entire study was
- monitored by using a wall thermometer and was 25 + 2°C, a

121:12D photoperiod and ambient relative humidity, The
data obtained were subjected to aNOva by using siGmastar 3.0.

the usual cassava-planting season in Uganda, where farm- llHolm-sidak multiple (Hochberg and Tamhane, 1987) com-

ers take advantage of the drought resistant nature ol' the
crop by planting during the short rainy season and
allowing the crop to go through most of its growth penod
during the dry season.

At 3 months after planting (MAP), 10 plants were
randomly selected [rom the trial plot. Each plam was-then
observed from the tap to bottom including all. leaves (both
the top and underside), petioles and the stém, A count of all
Serangium larvae and adults was made. Dala were collected
once a week for a period of 6 months, ie. fmm 3-8 MAP
which is the active growth period of cassava and also the
period when B. tabaci populations are highest on cassava
(Fishpool et al. 1995). Each plant was sampled once and was
only sampled again when all the plants in a particular trial
bad been sampled. This gave an average of two samplings per
plant over the 6-month trial period, with a 10-week interval
for each plant between samplings.

The field counts were compared statistically by using
Ikcgression analysis (siomastat 3.0) to determine relationship
between Serangium abundance and age of the crop.

2.2 Laboratory studies

Adult Serangium- were collected daily from already estab-
lished cassava ficlds at the National Crops Rescarch Insti-
tute, Namulonge, by using an aspirator and were
immediately transferred 1o the laboratory. All collections
were performed in the moming hours between 9 am and 11
aM. Leaves containing all whitefly nymph developmental
stages were excised from whole plants in the field and
transferred to the laboratory. Female Serangium were placed

@ 2006 The Authors

parisons were done 1o compare prey consumption between

. insmrs.

3 Results
3.1 Serangium abundance

Serangium larvae were generally more abundant than
adults although both stages showed the same pattern
in population build-up throughout the sampling pet-
iod. Very low numbers (<5) of both stapges were
observed during the first three sampling months (3-5
MAP). There was a sharp increase in numbers of
Serangium larvae from 5 to 7 MAP, before declining at
8 MAP. Serangium adults increased from 5 MAP
peaking at 8 MAP (fig. 1). Regression analyses showed

significant differences between Serangium larvae
(P=0034, R*=0.71) and adults (P =0.0il,
R* = 0.83), with age of the plant.

3.2 Development daration

Pre-imaginal development time ranged 18-27 days
with a mean of 21.2 days from egg to adult. Mean
within stage duration was highest in eggs
{4.2 £ 0.09 days) (mean * SE) and lowest in the L;
instar (2.3 % 0.11 days). There was little variation in
mean development time among L,, L; and L, instars
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no differences were observed within the siages.

. _— The study showed that Serangiun is prescat in cassava
fields and i able 1o prey on immature B. tabaci. In the
33 Prey commmption .. . - field, Serangiwn numbers arc generally low in the eacly
Thcmnnmﬂmoompnonbythemu part of the season and only become abundant taver m
larval instars of Seramgium feeding on B. tabaci the season. This is in contrast to their prey where
nymphs increased with stage of larval development studies by Legg (1995) showed that B. tabaci popula-
with the least, L; instar consuming S51.4 + 4.68 tions on cassava arc abundant in the early part of the
nymphs and the highest L, instar consuming season with highest nymph and adult aumbers at 4-6
551.3 + 52.88 nymphs (fig. 3). In total, Serangion MAP. This indicates thai there is a defayed respoase of
larvae consumed a mean of 1055.1 nymphs. Holm- the predator te the presence and abundance of its prey.
sidak multiple ‘pairwise comparisons revealed signifi- At 7 MAP when Serangium populations are highest,
cant differences (B. < 0.00], = 60) in total numbers the B. tabaci population is only beginning to decline
of B. tabaci nymphs consamed between larval instars  but is still relatively high; therefore, the peak Seran-
except between L, and L;, however no significant gaom numbers observed in this study corresponded
differencés were found in total prey consumed within with a relatively high number of their prey. The 2-
larval instars. month delay between the peaks in B. tobaci and
The mean daily consumption of nymphs was Serangiom populations is probably due to a combina-
lowest on the first day after hatching in the L, tion of prey density and suitable canopy, preferving
instar 25.6 * 8.19 nymphs, but rose to a peak of plants that are older and with denser canopy than the

2333 % 29.19 nymphs on the 13th day after hatch- young ones.

© 2006 The Authors
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The ability of a patural enemy to oviposit success-
fully and develop on the host plant on which its prey
lives is one of the major factors in determining its
ability to successfully control the pest. The pre-
imaginal development period was studied and showed
that the egg stage had the longest mean development
period, which is similar to studies on development of
other Serangium species. Vatanesever et al. (2003)
found that mean development of eggs of Serangium
montazerii Fursch was 5.5 days on both cotton and egg
plant. This hatching period was, however, slightly
higher than the 4.2 days observed in our study and
could have been due to differences in the predator
species, nature of the host plant and prey species. The
overall mean developmental period of the Serangiwm
on cassava was also much shorter (21.2 days) com-
pared with other species carried out by using whiteflies
on cotton (28.8 days) and eggplant (28 days) at similar
temperatures (Yigit 1992b; Vatanesever et al. 2003).
The development period of Serangiwm on cassava is
much shorter than that of its prey, B. tabaci, in
Uganda which was found to be 33.3 days at similar
temperatures in the same location (Legg 1995). This is
a favorable attribute of Serangium as a predator of B.
tabaci. However, additional factors such as fecundity,
survival rates, adult longevity and prey consumption
have an important bearing on the predator-prey
balance and may limit its usefulness.

The mean total prey consumption by the larvae
increased with their developmental maturity, with

much less numbers consumed by L, instars compared =*

with the L, instars. These results are comparable with’

those of Sengonca et al. (2005) on S. parcesetosmm

where similar consumption trends were reported albeit
with slightly higher numbers, with the L, instar

consuming up to 78.9 nymphs and the Ly i“3'“7*'15"‘-'7t.'m.-.pre'.‘iator. Thanks also go to the anonymous reviewers for

consuming 675.9 nymphs, aithough at 30°C. Studies
on total prey consumption have revealed. widely
variable results. Kapadia and Puri (1992) {found that
S. parcesetosum larvae consumed a mean total of 89.2
nymphs of 8. tabaci on cotton and {05.7 nymphs on
cggplant at 27 + 2°C. Also, Patel et al. (1996) repor-
ted that S. parcesezosum consumed a mean total of 671
nymphs of A. barodensis on sugarcane at 27 + |°C,
However, Sengonca et al, (2005) found that S.
parcesetosum consumed up to '1119.]1 nymphs, at
30°C, during its entire larval development on cotton.
This is similar to results from this study which showed
total consumption of 1055.} nymphs, at 25 + 2°C.
The mean daily prey consumption of nymphs also
increased with number of days after hatching. The
lowest numbers were observed on the first day after
hawching, peaking on-the 13th day after egg hatch.
These results are similar to the study by Sengonca
et al. (2005) which found that the mear daily con-
sumption of nymphs was up to 22.7 nymphs on the
first day after batching and increased to a peak of 161
nymphs on the 20th day after hatching, in the Ly

instar. =

This study indicated that Serangiwm is abundant at a
time when its prey is still in high numbers. This
together with its shorter development duration com-
pared with the prey and its ability to oviposit success-
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fully and feed on the sessile stage of its otherwise
mobile prey, make Serangium a promising agent for
biological control. The study also provided new
information in understanding the biclogy of this
predator on cassava. Successful biological control of
a pest depends on the ability of the natural enemy to
destroy a sufficient level of the pest to keep its density
from increasing. In an agro-ecosystem, the prey
population will never be constant and will always
fluctuate in response to many factors, the ability of the
predator to adapt to such fluctuations in prey avail-
ability is important if it is to be considered as an
efficient patural enemy. Studies by-Legg et al. (2003)
showed that the cassava variety Nase 4 supported up
to 100 B. tabaci adults per leaf at 4-5 MAP, therefore
Serangium, though abundant at. relatively the same
time as its prey, still does not occur in sufficiently high
numbers to control the ever increasing B. tabaci
populations on cassava. Effective use of these preda-
tors as control agents would aim at having them in
high nimbers at 2-4 MAP when their prey populations
is still low and only beginning to build-up. Therefore,
timing of introduction and/or augmentation should
aim at having high numbers of the most voracious
stage, Ly instar, at 2-4 MAP.
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