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ABSTRACT

WHITEFLY (Trialeurodes vaporarium Westw.) PREFERENCE OF
THREE BEAN RENERA OF THE FAMILY LEGUMINOSAE

By
Freddy R. Alonzo-Padilla

Whitefly (Trialeurodes vaporarium Westw.) prolificacy and hiah

survival attributes enable it to fully infest the leaf underside of
the host plants. As a suckina insect, 1t stunts the qrowth of bean
plants due to the enormous losses of plant sap. The adult mobility
and habit of feedinqg in the phloem enables it to be an efficient
vector of several virus diseases.

The purpose of this research was to evaluate 118 bean cultivars

of four species of Phaseolus, two species of Yiana, and one species

of Dolichos lablab, for shelter and oviposition preferences to the

areenhouse whiteflv in free-choice areenhouse conditions. A second
purpose of this research was to study leaf-part preferences exhibited
by adult whiteflies when confined to selected cultivars of the three
aenera with varying deqrees of resistance.

A satisfactory method for testing hean aermplasm for whitefly
resistance was developed, as suqgested by the highly significant
(P=0.01) correlation coefficient found between cultivar plant
responses recorded 1n the free-choice qermplasm test versus those
plant responses recorded in the experiment of plant part and adult

preferences.







The highest resistance for whitefliy adult attraction and/or for
oviposition was found in aenera other than Phaseolus. Within the
Phaseolus this resistance was also higher 1n species other than

Ph. vulgaris. Both Viana radiata, Dolichos lablab and V. repens in

decreasing order of preference, were the least preferred. In the
Phaseolus germ plasm, the deqree of attractiveness was 1n general
shown in the following ascendina order: first, Ph. coccineus and
Ph. lunatus, second, Ph. accutifolius, and third, Ph. vulgaris.

In all these genera and species, the highest level of resistance
was associated with low attractiveness shown by the first well expanded
leaf blade of the upper plant part, and with the almost non-attract-
iveness of the shoot. Shoot non-attractiveness was a fairly common
phenomena except in the preferred and very preferred cultivars.

[n the Ph. vulgaris qroup, wild types seemed to be the best source
of breedina material for resistance to this insect, although
Ph. lunatus and Ph. coccineus were sources of resistance, and successful
crosses of these with Ph. vulgaris have been reported in the lTiterature.

Seed coat color of Ph. vulgaris was suqggested to be related with
whitefly adult attraction and with oviposition preference. The plants
of some black and red seeded types were least preferred for shelter
and/or for oviposition, but plants of the striped seeded types were the
most preferred. Somewhat intermediate 1n attractiveness were some
brown and white seeded cultivars.

wWwhitefly adults confined to the most resistant cultivars were
observed to qreater extent on leaf parts such as the petiole and stem,
as weil as on the chamber wail, which are unusual parts selected by

the whitefly adult in normal conditions.
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Short flights, as part of the normal whitefly behavior were also
taken less often in the most resistant cultivars. The shoot, the petiole
and the stem exhibited only 18, 16 and 2 percent, respectively, of
the adult attraction shown by the first well expanded Teaf blade alone.

Confining conditions of the whitefly adult leaf-part preference
study allowed identification of cultivars exhibiting non-preferred

responses even under greater infesting pressure.
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INTRODUCTION

The importance of the qreenhouse whitefly, Trialeurodes vaporarium
(Westw.), as a greenhouse pest is well known. Its importance as a vector
of virus diseases is also well documented (15, 52, 37).

Breeding bean cultivars for genetic resistance against either the
greenhouse whitefly (Trialeurodes vaporarium Westw.) or the more tropical

bean whitefly (Bemisia tabaci Gen.) provides an ideal way of Eontro]]ing

or suppressing their physical damage. Breeding for agenetic resistance
probably areatly reduces the frequency with which bean plants show virus
diseases. There are several supporting facts for this author's hypothesis:
(1) virus disease transmission is confined to the adult 1ife staae, the
only non-sedentary whitefly 1ife stage; (2) the adult whitefly's speci-
ficity as a phloem-feeder enables this to be the only stage efficiently
transmitting virus diseases; (3) adult whiteflies take a relatively lona
time (15 minutes or more) to reach the phloem in Ph. lunatus (53);
(4) viruses in the whitefly adult require a relatively long incubation
period (more than 8 hours) for the adult to become a positive vectors;
and (5) congenital virus transmission has not been demonstrated (53).
Renetic recombination of either resistance or tolerance against
whitefly transmitted diseases and to the vector would certainly decrease
the genetic vulnerability of bean cultivars to insect transmitted

diseases.






The intrinsic advantages of studing whitefly-host resistance as
a method of control revolve around a minimum production cost and a
minimum disturbance caused to the balance between destructive insects
and their natural enemies in contrast to pesticide dependent systems.
Another advantage is that no environmental or food contamination would
result from using such a method of control for whiteflies. It should

also be emphasized that this method is exceptionally compatible with all

other control measures.

This research was conducted in greenhouse and laboratory conditions.
The purpose was to: (1) detect sources of resistance against the
whitefly in three bean genera (Phaseolus, Vigma, and Dolichos), all
members of the family Leguminosae; and (2) to discover possible adult

behavior preferences when exposed to different genera or cultivars with

varying degrees of resistance.






LITERATURE REVIEW

Family Leauminosae

Characteristics:

About 12,000 species are reported to be members of the Teguminosae
(11). Leguminosae members are dicotyledoneous plants with hypogynous
or perigynous flowers. The androecium has 3 to 10 stamens that may be
united or free. The corolla either zyaomorphic or actinomorphic, has
4 to 5 petals united or free, but 5 united or free or 2 united and 3 free
are also common. Also the calyx is of 4 to 5 petals, and also united or
free. The fruit is a typical bibalved lequme (8, 11, 44, 49).

Plant aenera used in this thesis as experimental units are all
members of the Papilionatae sub-family. They are i1dentified by their
papilionaceous flowers, that 1s, with the upper petal or standard exterior
(44, 49). Phaseolus, Vigna and Dolichos, the genera tested, are all
members of the section Phaseoleae having leaflets pinnately 3 foliolate
and not stipellate, but, they are differentiated by some flower, pod

and seed features.

Renus Phaseolus:

Thi1s qgenus 1s botanically distinquished from Vigna by having a

spirally twisted keel, and from Dolichos by the stigma beina oblique
instead of terminal (44, 49). The calyx of Phaseolus is campanulated

or short and tubular, with the upper seaments united or free holding






-

an orbicular standard. Wings of the flower are erect and ovate shaped,
rarely oblong, but add to the keel beyond the claw. The keel has a long,
obtuse, spirally twisted beak. The upper stamen i1s free and thickened

at the base or with appendages. The style is leong, thickened within the
beak of the keel and twisted with the latter. Both annual and perennial
plant types are winding or postrate, rarely somewhat erect herbs, with a
ligneous base and tri-foliate leaves. The flowers are disposed in axil-
ary racemes of white, yellow, violet, red, or purple color (11, 42, 44),.
Features that differentiate species of Phaseolus are also related with
flower and pod characteristics.

Phaseolus vulgaris (L) - the flowers, 1.5 to 2 cm long, are pale
purple or pink, and white, and the pods are swollen and less than 1.4 cm
wide (8, 11, 42, 44).

Phaseolus Tunatus (L) - the flowers, less than 1 cm long, are a
greenish-yellow color, and the pods, 1.5 to 2 cm wide, are broad and
flat (8, 11, 44).

Phaseolus coccineus (L) - the racemes are 15 to 20 cm long or longer.
The flowers, about 2 cm long, are red or white. The pods are distinct-
ively thicker, with seeds that are larger than Ph. vulgaris in nearly all
their dimensions. In contrast to Ph. vulgaris and Ph. lunatus, the
cotyledons are hypogeous in germination (11, 42, 44),

Phaseolus accutifolius (L) - the flowers are white or pale purple.
The pods are compressed and cylindrical, containing up to six seeds that
are particularly elliptic or oval. The seeds are small, usually less

than 0.5 cm in diameter and without radial nervure (11).







fenus Vigna:

The calyx is campanulate or somewhat tubular, and the upper two
seqments may be free or united. The keel, almost as long as the wings,
1S truncated, or beaked, at the tip but not spiral. The flowers are
areenish-yellow, rarely purple, and disposed in axillary racemes. The
pod is characteristically linear, straight or slightly recurved, 2-valved
and filled between the seeds. The seeds are reniform or quadrate. The
plant type 1s either postrate and twining, and sometimes, though rarely
erect. The leaves are pinnate bearing three leaflets with stipules
usually more persistent (42).

V. repens - the flowers, 12 to 20 in number, are disposed in a

conical raceme on a qlabrous peduncle 5 to 10 cm long. The corolla 1is
nale yellow and 11 to 13 mm long. The pods are fairly glabrous, 3.7 to
5 ¢cm long, 6 mm broad, and thinly silky containing 8 to 10 seeds of shiny
brown color with a white hilum (42, 44).

V. radiata - the flowers are about 1 cm long, yellow and racemosely
arranged near the end of the short pubescent pedunculus. The pods are
pubescent and linear, 6 to 8 ¢cm long and about 6 mm wide, bearing seeds

4 to 6 mm lona. It is an erect or climbing annual herb, branched from

the base, and clothed with brownish hairs. Leaflets are acuminate and

8 to 15 cm long (11, 44).

Genus Dolichos:

Dolichos lablab (L) - the calyx is campanulate with short seqments,

and a united upper part. The wings are curved, but the keel 1is very much
incurved. The flowers are white, yellowish or pale purple, usually

disposed in small racemes. The pod is linear, very much compressed,






straight or curved, and usually with thickened margins. The seeds are

thick and compressed with a linear, fleshy arillus (11, 42, 44).

RREENHOUSE WHITEFLY

Origin and significance:

The insect, popularly known as the greenhouse whitefly or snowfly
(Trialeurodes vaporarium, West. Aleyrodidae: Homoptera), is native of
Brazil, but found throughouf the world (30). According to Russel (1963),
144 qenera of plants are hosts of this whitefly, which i1s predominately
found on hosts having rather thick sappv leaves, such as the french and
runner beans (29, 30, 47).

Althouah the so called areenhouse whitefly and Tarvae are very small,
they occur 1n such immense numbers that the plants become impoverished

and the quality of the fruits decrease. The entire undersides of leaves

are often completely covered with the scale-like larvae and pupae (21, 47).

Hussey et al (25), pointed out that up to 20 scales per cm2

may be toler-
ated on tomatoes before whiteflies adversely affect yield. However, 1in
ornamentals, a much lower density is tolerated (22).

The potential of the greenhouse whitefly to cause damage 1s also

related to its ability to transmit virus diseases (15, 52, 23).

T. vaporarium was reported by Duffes (15) as being the vector of the beet

pseudovellows virus 1n California. The same species has been reported
by Trasversi (52) as being the vector of a sunflower virus in Araentina.
T. abutilonea was i1dentified 1n Maryland as the vector of sweet potato

yellow-dwarf virus (23).






Life cycle:

Whitefly metamorphosis, is somewhat intermediate between complete
and incomplete: four larva or scale-like instars and the adult staqe.
All larval instars, except the first one which is temporarily a crawler,
are sedentaries, wingless, and resemble scales (13, 21, 29, 47). On a
susceptible pinto bean cultivar, 12 to 18 hours after the early fourth
larva instar, it undergoes changes that resemble a pupa stage (author's
observations). When these changes take place, its dorsal skin becomes
chitinized and leathery in appearance. Considerable growth in depth as
well as adult differentiation takes place at this time (10, 12, 21, 29,
s Bkl

The developmental history of whiteflies, as in other insects, 1is
influenced by several factors, among which host and temperature are
perhaps the most important (author's experience). In a greenhouse test
with young bean plants at 23,3C, hatching time took between 8 to 10 days.
The duration of the first stage was 5 days, the second'Z days, the third
3 days, and the fourth stage 8 days (30). Unfortunately the adult 1life
span was not recorded, but the 1ife of both male and female on tomato

plants was 34 and 39 days, respectively.

Adult:

The adults are very small sucking insects. When reared on a suscept-
ible pinto dry bean cultivar, the males measured 1 to 1.2 mm long and
0.4 to 5 mm wide; the females measured 1.3 to 1.8 mm long and 0.5 to 0.7 mm

wide (measurements done by author).

Matina of the adults takes place soon after emeraence from the pupa,

usually on the same leaf on which they emerge (21, 29). The male







generally rests quietly by the side of the female and mates repeatedly.
Although repetition of coitus appears unnecessary, 1t has been observed
to occur between the same pair up to five times (21). Parthenogenesis

has been observed to be a common phenomena in whiteflies (21, 30, 36).

Oviposition:

Oviposition generally begins on the second to the fifth day after
adult emeraence. The undersides of young leaves are preferred for ovi-
position, though occasionally other qreen plant parts may be used (21, 30).
Eqgs are generally laid in incomplete circles of about 1.5 mm diameter.
The female inserts her stylet into the leaf tissue and using that point
as the center and the body as radius, deposits each eqq into a small cut
porperly made (21, 30). The average number of eqas reported by Lloyd
was 130, but the largest observed was 534 on Lamium purpureum (a kind of

weed), one of the 18 plant hosts studied (30).

Ega:

Greenhouse whitefly eaqgs are stalked, the stalk being short and
partly imbedded in the tissue of the leaf (21, 30). The length of the
stalk measures about 0.02 mm, with the total length of the egq being
about 0.24 mm (21). Eggs are greenish when first deposited and are
covered with wax produced by the adult. After two to four days they begin
to darken, turnina from the original yellowish green to brown, and finally
to black (21, 22). Just prior to hatching (ten to thirteen days after
oviposition), a crack appears near the unattached end of the egg on its

concave side, and the larvae emerqge about seven minutes later (21).







Scale or larvae:

A1l four Tarval instars, except the first one, are totally sedentary.
The first larva stage shows a kind of movement that 1s considered non-mig-
ratory movement. It is usually confined to the first hours of 1ife and
1s usually only a sufficient distance for the scale to grow without coming
in contact with others from the same batch (21, 30, 37, 53).

A1l larval stages are distinctively flat after the molt. Since the
dorsal skin of the fourth larval stage becomes heavily chitinized and
leathery 1n appearance, it i1s nearly always referred in the literature
as being the pupa. But, at the beginning of the instar it is similar to
the larva of the preceding instar (10, 21, 22, 37). When the adult

emerges from the mature scale, the empty shell is left attached to the
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