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ABSTRACT

Soybean, Glycine max (L.) Merr., lines isogenic for dense (DE), normal (NL), and no (NO)
pubescence developed from the cultivar ‘Tracy-M’ were used in free choice tests to
determine their influence on corn earworm (CEW) Heliothis zea (Boddie) oviposition
preference and distribution of eggs within plant canopy. Post oviposition performance of the
isolines was determined. Of the total eggs deposited by CEW on excised leaves in a
greenhouse oviposition arena, 64.5, 29.0, and 6.5% were on the DE, NL, and NO isolines,
respectively. In a 614.2 m? field cage study, 57.0, 30.9, and 12.1% of eggs deposited were on
the DE, NL, and NO isolines, respectively. Within plant egg distribution was proportionally
the same for the DE and NL isolines with 83.7, 13.5, and 3.8% of eggs deposited on leaves,
stems, and fruiting structures, respectively. However, the within plant egg distribution on the
NO isoline was 90.0, 0.9, and 9.3% deposited on leaves, stems, and fruiting structures,
respectively. Isolines with the greater number of eggs senesced later, produced fewer pods
and fewer seeds per pod than isolines with fewer eggs. However, isolines with the greater
number of eggs produced larger seeds, which resulted in ca. the same total seed weight per
plant as isolines with fewer eggs. There were no differences among isolines grown without
oviposition for pod number, seed number, or seed weight. The strong ovipositional
preference among the isolines, if properly developed and used, has potential for use in insect
management programs.

Key Words: Glycine max, Heliothis zea, host plant resistance, isolines, insect managerﬁent.

J. Entomol. Sci. 24(3): 309-316 (July 1989)

INTRODUCTION

Type and amount of plant pubescence have been shown to influence many
insect species in terms of preference, or nonpreference, for oviposition and food.
Cotton, Gossypium hirsutum L., lines with sparse or no pubescence, when compared
to lines with pubescence, are nonpreferred as an oviposition substrate by corn
earworm (CEW), Heliothis zea (Boddie), (Lukefahr et al. 1971). There is great
genetic variability within soybean, Glycine max (L.) Merr., germplasm for amount
and type of pubescence (Bernard and Singh 1969). In soybean, certain types of
pubescence appear to confer resistance to the potato leathopper (PLH), Empoasca
fabae (Harris) (Johnson and Hollowell 1935). However, reports conflict on amount
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and type of damage caused by PLH to pubescent types (Wolfenbarger and
Sleesman 1963). Panda (1969) observed a reduction in eggs deposited by CEW on
soybean plants without pubescence. Studies conducted with H. virescens (F.) have
shown that under laboratory conditions this species deposits the most eggs on
excised soybean terminals from isolines with greater amounts of pubescence
(Ramaswamy et al. 1987). However, no definitive study has been conducted with
soybean and CEW using whole plants and field conditions to determine to what
degree type and amount of pubescence influences ovipositional preference.
Because variability in soybean pubescence is, in most instances, simply inherited
and phenotypes are easily recognizable (Bernard and Singh 1969), the development of
this factor to affect CEW populations should be relatively easy.

The purpose of this study was to determine if different amounts of soybean
plant pubescence influences the ovipositional preference and within plant egg
distribution of CEW to a degree which warrants full-scale evaluations and possible
development for use in CEW management programs.

MATERIALS AND METHODS

Soybean isolines classified as dense (DE), normal (NL), and no (NO) pubescence
were developed from the cultivar ‘Tracy-M’. Tracy-M is moderately resistant to
several phytophagous insect species (Lambert and Kilen 1984). The breeding lines
D62-7820 (dense pubescence) and D62-7812 (no pubescence), isolines of the
cultivar ‘Lee’, were the donor parents. The isolines DE, NL and NO were
developed by seven backcrosses to the recurrent parent (T.C.K., unpublished) and
are isogenic for trichome density. Therefore, any differences among the isolines for
CEW oviposition preference, within plant egg distribution and performace after
exposure to ovipositing CEW moths are due to influences by pubescence.

Quipositon Preference, Greenhouse Study

Oviposition preference among the isolines was tested in two environments. In
the first environment, plants were grown in a greenhouse during November. To
prevent fruiting, the light period was extended 4 h with artificial lighting. Plants
were grown 4 per 4 liter pot. At the V-5 development stage (Fehr and Caviness
1977), a fully expanded leaf was excised from plants at the third node from the
plant apex. The excision was done under water and the submerged leaf petiole
placed in a tube (floral pik) containing water. A saran screen cage (1.22m
wide X 1.22 m high X 8.1 m long), the floor of which was covered with a 2.54 cm
thick styrofoam sheet, was utilized as an oviposition arena. The tubes with leaves
were pressed into the styrofoam sheet in a grid pattern with 20.3 cm between
leaves in a randomized complete block design with 40 replications. Thus, leaves
were in four row with 30 leaves per row. Fifteen pairs of CEW adults from a
laboratory culture were released at 4:00 p.m. CDT within the cage four days after
eclosion and allowed to remain overnight. The number of eggs deposited on each
leaf was then determined. Data were analyzed by ANOVA procedure (SAS
Institute 1985) and means separated by Waller-Duncan K-ratio t-tests at the
P < 0.05 level (Waller and Duncan 1969).

Ouipositon Preference, Field Cage Study
In the second environment, the isolines were planted during the last week of
May inside a 19.2 X 32.0 m cage frame (Lambert 1984). Plots were 5.3 m long X 4
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rows on 0.7 m centers in a randomized complete block design with 12 replications.
Plantings were six plots wide by six plots long within the cage. After emergence,
plants were thinned to 20 per meter of row. Standard agronomic production
techniques were used. At the R-1 stage of development (Fehr and Caviness 1977),
a screen covering was placed over the cage frame and remained in place until
plant senescence. On the day the screen cover was put in place 2000 pairs of four
day old CEW imagos were released inside at 4:00 p.m. CDT. The insects were
from a laboratory culture which had been reared for more than 10 generations.
However, insects from the local wild population are systematically introduced into
this culture annually. After 72 hours, 10 plants were randomly removed from each
of the two center rows of each plot. These plants were carefully placed into plastic
bags and transported to the laboratory in containers cooled with ice. Each plant
was examined under 3X magnification and the number of eggs on leaves, stems,
and fruiting racemes was determined. All parts of a plant excluding leaf surfaces
and fruiting raceme were classified as stem. This included main stem, branches,
and leaf petioles. Each bag was carefully examined for eggs dislodged from plants.
The ANOVA procedure (SAS Institute 1985) was used to analyze data and the
Waller-Duncan K-ratio t-test at the P < 0.05 level (Waller and Duncan 1969) used
to determine differences among isolines for egg deposition on leaves, stems,
fruiting racemes, and whole plants. Chi?> comparisons were used to determine
within plant differences in oviposition preference among leaves, stems, and fruiting
racemes.

Leaf Trichome Density and Length

Ten fully expanded leaves were collected from the top third of plants in the
two center rows of each plot in the field cage study. Leaves were collected
randomly in an effort to establish the average pubescence type and density to
which insects were exposed. Total area of each leaf was measured with an area
meter. By use of a dissecting microscope, the number of trichomes on a 20 mm?
area of leaf lammae located between the midrib and first lateral vein was
determined at each of two locations on the adaxial and abaxial surfaces. The total
complement of trichomes is present at leaf initiation making trichome density on a
fully expanded leaf a function of trichome number and leaf expansion. The amount
of leaf expansion varies depending on the environment in which plants are grown.
Therefore, leaf lammae area and trichome number per cm? are reported.

Number of trichomes were analyzed with plots as samples, leaves as subsamples
and location on leaves as sub-subsamples. Data were analyzed by the ANOVA
procedure (SAS Institute 1985) and mean separation determined by Waller-
Duncan K-ratio t-test at the P < 0.05 level (Waller and Duncan 1969).

Post Ouiposition Performance of Isolines

Neonate through third stage larvae chew through the walls of flower buds and
small pods and move inside these structures to feed. The task of daily dissecting
and microscopically examining large numbers of these structures to determine the
size and dynamics of the larval population was beyond our resources. Also, there
is no method for accurately determining, on a daily basis, the absolute larval
population on fruiting soybeans in small plots. Therefore, we opted to determine
the performance of the isolines with and without CEW oviposition.

In additon to growing the isolines inside the field cage, they were grown
adjacent to the cage in the same experimental design used inside the cage.
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Senescence date, pods per plant, seeds per pod, weight of single seed and weight
of total seeds per plant were determined for ten plants selected randomly from
each replication under oviposition and nonoviposition conditions. Data were
analyzed by the ANOVA procedure (SAS Institute 1985) and mean separations
determined by Waller-Duncan K-ration t-tests at the P < 0.05 level (Waller and
Duncan 1969).

RESULTS AND DISCUSSION

Oviposition Preference, Greenhouse Studies

In the greenhouse oviposition arena, 64.5, 29.0, and 6.5% of the egg were
deposited on leaves from the DE, NL, and NO isolines, respectively (Table 1).
These data show a significant ovipositional preference among isolines.

Table 1. Eggs deposited by corn earworm on excised leaves of Tracy-M soybean
isolines in a greenhouse.

Isoline No.
Pubescence Type eggs/leaf*
Dense (DE) 26.0 a
Normal (NL) 117 b
None (NO) 26 ¢

* Means not followed by same letter are significantly different (P < 0.05).

QOuipositon Preference, Field Cage Studies

In the field cage, 57.0, 30.9, and 12.1% of eggs were deposited on the DE, NL,
and NO isolines, respectively (Table 2). Again, there was a strong ovipositional
preference among the isolines with only 54.1% as many eggs deposited on the NL
isoline as on the DE isoline. Only 39.3% as many eggs were deposited on the NO
isoline as on the NL isoline. Less than 0.01% of eggs from any of the isolines were
dislodged within the plastic bags. Therefore, dislodged eggs did not influence the
outcome of the study.

Table 2. Eggs deposited by corn earworm on leaves, stems, and flowering racemes
and on whole plants of Tracy-M soybean isolines.*

Isoline
Pubescence Type

Plant part Dense Normal None
(DE) (NL) (NO)
Leaves 89.2 ax 48.5 ay 209 a,z
Stems 14.9 b,x 7.8 by 0.2 ¢,z
Flowering racemes 4.0 ¢,x 2.2 ¢y 1.9 b,y
Whole plant 108.1 x 585 y 23.0 z

* Means within columns not followd by same letter, a, b, or ¢, or within rows x, y, or z, are significantly
(P < 0.05) different.
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Within plant egg distribution (Table 2) was proportionally the same for the DE
and NL isolines. Approximately 84, 13, and 4% of eggs were deposited on leaves,
stems, and fruiting structures, of the DE and NL isoline respectively. Terry et al.
(1987) found in plant samples from fields of ‘Ransom’ and ‘Bragg’ soybeans with
multiple planting dates that leaves, stems, and fruiting racemes made up 89.6, 10.1,
and 0.3%, respectively, of the surface area. It is probable that this egg distribution
primarily reflects the relative surface area of plants for egg deposition made up by
these structures. Although, based on relative surface areas, there appears to be a
slight preference for fruiting structures. Egg distribution on the NO isoline was
90.9, 0.9, and 9.3% of eggs deposited on leaves, stems, and fruiting racemes,
respectively. Thus, when compared to the DE and NL isolines, stems were much
less preferred and fruiting structures more preferred as oviposition sites on the
NO isoline. We observed that moths seemed to have difficulty maintaining position
while in the act of ovipositioning on the NO isoline. This was especially true on
stems of this isoline, which probably accounts for some of the within plant egg
distribution on the NO isoline. However, it does not appear to account for all of
the differences among isolines for egg distribution because there were no easily
observable differences in the ability of an ovipositioning moth to hold position on
the DE and NL isolines. Thus, the differences in preference among isolines may
reflect other Cifferences such as a tactile response to amount of pubescence.

Leaf Trichome Density and Length

Trichome numbers on the isoline classified as DE were 38.2 and 61.4% more
numerous on the abaxial and adaxial surfaces, respectively, than on the isoline
classified as NL (Table 3). No trichomes were found on the isoline classified as
NO. Trichomes were of varied lengths, ranging from 0.3 to 1.0 mm long. All
trichomes were of the simple, unicellular type (Metcalf and Chalk 1979).

Table 3. Leaf lammae area and number of trichomes for Tracy-M soybean

isolines.*
Leaf Trichomes/cm? Trichomes/cm?
Isoline Lammae on Abaxial on Adaxial
Pubescence Type area cm? Lammae Lammae
Dense (DE) 50.1 a 459.2 a 9493 a
Normal (NL) 44.9 a 332.2 b 588.1 b
None (NO) 473 a + t

* Means within columns not followed by the same letter are significantly different (P < 0.05).
T No trichomes were found on the NO isoline.

Post Oviposition Performance of Isolines

There were no significant differences among isolines grown outside the cage for
date of plant senescence, pods per plant, seeds per pod or seed weight per plant
(Table 4). However, except for seed size and senescence date, every parameter
measured was larger for the isolines grown outside of the cage than for isolines
grown inside the cage (Table 4). Senescence date was earlier and seed size smaller
for isolines grown outside the cage. This indicates that insects had an effect on all
isolines grown inside the cage. However, since the screen cover was left in place

$S900E 98] BIA 60-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]



Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-05-09 via free access

&

m ‘uorsodiao yum
- “uosodia0 OYIM 4
8 ((0°0 > g) uesagp A[juedijludis are Ia)ja] awies ay) Aq POMO[[O] JOU SUWN[OD UMM SUBIIA
M, q 60T ®T12I o 021 B B8IT q€%c LI A q ¥'6€ B L'Cy 9110 ¢1 0 (ON) euoN
[aN]

= e g6 BEII qQIer B 9IT  ®ET LI 4 Bpee  BECr 16RO TIRO0 (IN) TewtoN
>

g qe 0T B 911 B €91 B Q1 B 2C B 9% B 0'1¢ B 1°¢y ¢ 10 ¢1 0 (AQ) °sue@
wn

< diao diao dumo drao diso dao do diao diao diso

m /M no/m /M no/m /m mno/m /M mno/m T/m +Ino/m

& (8) yuerd/am (Bur) am pod ueld aje( ad4&y eousoseqnd
= peeg 1810L, peeg 98uig /SpPaag ‘ON spod ‘ON EREREEL EIN aur[osy

1811} Sunmnp uonIsodiA0 (M) WIOMIEBd UI0D 0} dINSOdXa JNOYIIM PUB Y}IM SOUT[OST

314

x3unng (1-9)
uea(Aos [A-AoBi], JO 9oUBWLIOIA] ‘¥ 9[GR],



LAMBERT and KILEN: Oviposition Preference of Corn Earworm 315

from the time of insect release until plant senescence, it is possible it may have
had a slight, uniform effect on plant development.

When exposed to ovipositioning CEW moths, there were more pods per plant
and more seed per pod on the NO isoline than on the NL and DE isolines.
Examination of pods showed an equal number of seed sites per pod for all three
isolines, but many missing seeds due to consumption by CEW. The DE and NL
isolines had more seed and pods per plant consumed than did the NO isoline.
Seed size was significantly (P < 0.05) different among all isolines when exposed to
oviposition. The DE isoline with the greatest egg population had the largest seed.
The NO isoline with the smallest egg population had the smallest seed. Although
there were fewer seeds per pod on the DE isoline than on the NO isoline, yields
were not significantly different due to compensation by producing large seed.
Although total seed weight was significantly less on the NL isoline than on the NO
isoline, the difference was small.

When not exposed to ovipositioning CEW moths, all three isolines reached full
senescence four days prior to the NO isoline with oviposition. With oviposition,
the NL and DE isolines reached full senescence five and eight days, respectively,
after the NO isoline. This difference in maturity was apparently caused by greater
CEW damage to fruit forms on the DE and NL isolines. Delay in maturity and the
development of larger seed, which compensates for fewer seed, is a common
response to damage of soybean plants (Smith and Bass 1972; McAlister and
Korber 1958). The high egg deposition in this study resulted in a larval population
much higher than would normally be encountered under field conditions. Essentially,
all fruit forms which began developing early on the three isolines were destroyed.
It is possible that with a lower insect population the differences in yield would
have been greater.

From these studies, it is clear that differences in pubescence of the isolines
caused differences in oviposition preference and in within plant egg distribution by
CEW and that differences in plant yield were caused by oviposition levels and
subsequent larval populations. How these differences were brought about is to be
an objective of future studies. It is probable that the differences in egg population
size and within plant egg distribution alone, which resulted in different larval
population sizes and distribution, caused the differences in isoline performance.
However, differential mortality may have played a role as well. Regardless, the
differences in oviposition preference and plant responses to oviposition were
caused by the isogenic character of the isolines. These studies show that pubescence
significantly influences oviposition preference of CEW and that more extensive
investigations are justified. The possibility of using a DE type in combination with
a NL or NO type in a trap crop insect management scheme is apparent. However,
before full-scale development of pubescent types is undertaken, such matters as
oviposition responses of CEW in no choice situations and behavioral and
biological responses of other damaging and beneficial insect species to the
different pubescent types should be investigated.
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