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ABSTRACT

Experiments were conducted during two consecutive growing seasons to evaluate
food baits for pre-plant sampling of wireworms that attack potato in southern Florida.
Wireworm species studied were: Melanotus communis (Gyllenhal), southern potato
wireworm, Conoderus falli Lane, C. amplicollis (Gyllenhal), and C. rudis (Brown).
Baits evaluated were hybrid sweet corn seed, hybrid sorghum-sudangrass seed, a 1:1
mixture of corn and sorghum-sudangrass seed, a whole sweet corn ear, potato seed
pieces, a 1:1 mixture of oatmeal and corn flake, rolled cats, and carrots. In the first
year, numbers of wireworm larvae did not differ between food bait and soil samples for
most food baits tested. Melanotus communis larvae were most numerous in the
oatmeal-corn flake and sorghum-sudangrass seed baits. Conoderus spp. larvae were
most numerous in the sorghum-sudangrass seed and corn ear baits. In the second year,
M. communis larvae were more numerous in food baits than in soil samples, and more
numerous in the oatmeal-corn flake and rolled oat baits than in other food baits. Num-
bers of Conoderus spp. larvae did not differ between food bait and soil samples nor
among food baits. In addition to attracting more wireworms, oatmeal-corn flake and
rolled oat baits had some of the shorter processing times. The use of one of these two
baits is currently recommended for pre-plant sampling of wireworms in potato fields in
southern Florida.

RESUMEN

Se hicieron experimentos antes de la siembira durante dos temporadas de crecimiento
consecutivos para evaluar cebos como muestreo de gusanos de alambre que atacan la
papa en el sur de la Florida. Las especies estudiadas fueron: Melanotus communis
(Gyllenhal), Conoderus falli Lane, C. amplicollis (Gyllenhal, y C. rudis (Brown). Los
cebos evaluados fueron semilla de un hibrido de maiz dulee, semilla de un hibrido de
sorgo-hierba de sud4n, una mezcla 1:1 de semilla de maiz y sorgo-hierba de cudé4n, una
mazorea completa de maiz dulce, pedazos de semillas de papa, una mezcla de 1:1 de
harina de avena y copos de maiz, avena “enrollada”, y zanahorias. En el primer afno, no
hubo diferencia en el nimero de gusanos de alambres entre los cebos y las muestras de
tierra en la mayoria de las cebos probados. Larvas de Melanotus communis fueron mas
numerosas en los cebos de harina de avena-copos de maiz y en semillas de sorgo-hierba
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de sudan. Larvas de Conoderus spp. fueron mas numerosas en semillas de sorgo-hierba
de sudan y en mazorcas completas de maiz. En el segundo afio, larvas de M. communis
fueron mas numerosas en cebos que en muestras de suelo, y mas numerosas en la harina
de avena-copos de maiz y en avena “enrollada” que en otros cebos. No hubo diferencia
en el nimero de larvas de Conoderus spp. entre los cebos y las muestras de tierra, ni
entre los cebos. Aparte de que atrayeron mis gusanos de alambre, cebos de harina de
avena-copos de maiz y de avena “enrollada” tuvieron uno de los tiempos més cortos de
procesamiento. Se recomienda el uso de uno de estos dos cebos para el muestreo de
gusanos de alambre antes de la siembra de papas en el sur de la Florida.

Irish potato, Solanum tuberosum L., is an economically important winter erop in
southern Dade County, Florida. Over 2,000 ha of potato are grown in Dade County
(Jansson 1987) with a crop value in excess of $12 million (Anonymous 1988). In southern
Florida, unlike most other regions of the United States, potatoes are planted between
October and December and harvested between February and April.

Wireworms are the most important insect pests of potato in southern Florida
(Jansson 1987). Several species attack potato, including Melanotus communis (Gyllen-
hal), Conoderus falli Lane, southern potato wireworm, C. amplicollis (Gyllenhal), and
C. rudis (Brown). Melanotus communis is the most important wireworm species that
attacks potato and the most abundant wireworm species on sugarcane and celery in
southern Florida (Wilson 1940). During the 1986-1987 and 1987-1988 growing seasons,
the quality of up to 45% of the potato crop in many plantings was reduced from U. S.
No. 1 to U. S. No. 2 due to wireworm injury (Jansson, personal observation). Adults
of these species oviposit in soil cracks and crevices beneath the summer cover crop, a
sorghum-sudangrass hybrid, and larvae that eclose feed on tubers in the following
winter potato crop.

Currently, a pre-plant sampling method for wireworms in potato fields in southern
Florida is lacking. Historically, growers have sampled for wireworms before planting
by removing several soil samples (about 3,540 ¢m? [15.2 em]?) from each field. Because
potatoes are grown in a heavy, clay soil (Perrine marl), samples are not inspected by
hand sorting, but are washed through a series of progressively smaller screens. This
procedure is time consuming and its reliability is unknown. For this reason, alternative
methods for sampling wireworms in potato fields are needed.

Several studies investigated the use of food baits for sampling wireworms in soil.
Apablaza et al. (1977) recommended wheat seed, wheat:corn seed mixtures, and grain
sorghum baits for sampling Melanotus spp. infesting corn fields in the midwestern
United States. Sorghum seed baits were as effective or better than wheat-corn seed
baits for sampling wireworms in Texas (Foster & Ward 1976). Oatmeal baits were most
attractive to Ctenicera destructor (Brown) and Hypolithus bicolor Eschscholtz in
Canada (Doane 1981). Whole wheat-corn mixtures (1:1) and wheat flour baits were most
attraetive to wireworms, primarily Ctenicera pruinina (Horn), in Washington (Toba &
Turner 1983). The present study was conducted to (1) evaluate various food baits for
sampling wireworms before planting potatoes in southern Florida, (2) compare the
effectiveness of food baits with soil samples for sampling wireworms, and (3) determine
the time required to process various food baits.

MATERIALS AND METHODS

Experiments were conducted 2-3 weeks before potatoes were planted in 1986 and
1987 on two commercial potato farms in southern Dade County Florida. All fields sam-
pled consisted of a Perrine marl soil and had been planted with a sorghum-sudangrass
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bags. Food baits and soil samples were stored in a cold room until washed as previously
described. All M. communis and Conoderus spp. larvae found per food bait and soil
sample and the processing time of each food bait were recorded.

Daily air temperature and rainfall data were monitored using an environmental data
logger located at the University of Florida, I.F.A.S., Tropical Research and Education
Center approximately 12 km southwest of the study sites.

Data were analyzed using least squares analysis of variance techniques (Neter and
Wasserman 1974). Numbers of M. communis and Conroderus spp. larvae were trans-
formed to In(X+1), and processing times were square-root transformed to stabilize
error variance. The Shapiro-Wilk test and normal probability plots were used to assess
homogeneity of error variance (Shapiro and Wilk 1965, Zar 1984). Treatment means
were separated using the Waller-Duncan K-ratio ¢ test (Waller and Duncan 1969). Num-
bers caught in food baits and soil samples were compared by a t-test (Zar 1984). The
mean and variance of wireworm numbers in many corresponding soil samples for some
food baits were equal to O. For this reason, we assumed the expected values of these
samples were equal to O. A 95% confidence interval was calculated for each food bait.
Soil and food bait means were significantly different if O was outside the range of the
confidence interval of the food bait.

RESULTS AND DISCUSSION

1986

More wireworm larvae were found in food baits than in soil samples although results
were not consistently significant (Table 1). Numbers of M. communis and Conoderus
spp. larvae did not differ among most food baits. Melanotus communis larvae were 3.2-
to 4.6-times more numerous in oatmeal-corn flake and sorghum-sudangrass seed baits
than in potato and corn seed baits (Table 1). Conoderus spp. larvae were more abundant
in sweet corn ear and sorghum-sudangrass seed baits than in oatmeal-corn flake and
corn-sorghum-sudangrass seed baits. Overall, wireworm larvae were most abundant in
the sorghum-sudangrass seed bait followed in decreasing order by oatmeal-corn flake,
corn-sorghum-sudangrass seed, sweet corn ear, potato seed, and corn seed. The low
attractiveness of corn seed bait was probably related to poor germination (10-20%}).
During seed germination, seeds respire and release carbon dioxide to the surrounding
soil (Currie 1973). Wireworms reportedly orient towards germinating seed by using
carbon dioxide gradients in soils (Doane et al. 1975). Although the oatmeal-corn flake
bait, which was most attractive to M. communis larvae, was not a germinated medium,
it did partially decompose. Thus, wireworm larvae probably oriented towards this bait
using the carbon dioxide gradient produced in the soil from bait decomposition.

Processing times differed (F = 31.05; df = 5.55; P = 0.0001) among food baits
(Table 2). The corn-sorghum-sudangrass seed and the sorghum-sudangrass seed baits
required 1.8- to 2.2- and 2.1- to 2.5-times longer to process, respectively, than all other
baits. Among the two most attractive food baits, the oatmeal-corn flake bait required
about one-half the time needed to process the sorghum-sudangrass seed bait.
1987

As in 1986, more wireworm larvae were found in food baits than in soil samples,
although results were not consistently significant (Table 1). Between 1.4-5.4, 0.6-1.8,
and 0.1-0.4 M. communis larvae were found per food bait in experiments 2-4, respec-
tively, whereas 0-0.1, 0-0.2, and 0 M. communis larvae were found per soil sample in
the three experiments respectively. Similarly, 0.1-0.6 and 0-0.2 Conoderus spp. larvae
were found per food bait in experiments 2 and 3, respectively, compared with 0-0.2 and
0-0.1 Conoderus spp. larvae per soil sample in these two experiments, respectively. No
Conoderus spp. larvae were collected in food baits or soil samples in experiment 4.



Jansson & Lecrone: Food Baits for Sampling Wireworms 507

TABLE 1. MEAN NUMBERS (= SEM)? oF CONODERUS SPP AND M. COMMUNIS LAR-
VAE COLLECTED IN VARIOUS FOOD BAIT AND SOIL SAMPLES IN POTATO
FIELDS 2-3 WEEKS BEFORE PLANTING IN HOMESTEAD, FLORIDA.

Conoderus larvae M. communis larvae

Bait Bait sample Soil sample Bait sample Soil sample
Experiment 1

Corn seed 0.1(0.1)ab,A 0.0(0.0)a,A 0.7(0.2)b,A 0.0(0.0)a,B
Oatmeal-
corn flake 0.0(0.0)b,A 0.0(0.0)a,A 3.2(1.2)a,A 0.1(0.1)a,B
Sorghum-

sundagrass
seed 0.6(0.2)a,A 0.0(0.0)a,B 3.2(1.5)a,A 0.0(0.0)a,A
Corn-sorghum-

sundangrass
seed 0.0(0.0)b,A 0.2(0.2)a,A 2.5(1.4)ab,A 0.0(0.0)a,A
Corn ear 0.8(0.5)a, A 0.0(0.0)a,A 1.4(0.7)ab,A 0.0(0.0)a,A
Potato seed 0.1(0.1)ab,A 0.1(0.1)a, A 1.0(0.6)b,A 0.1(0.1)a,A

Experiment 2

Corn seed 0.4(0.2)a,A 0.2(0.1)a,A 2.5(0.7)ab,A 0.0(0.0)a,B
Oatmeal-
corn flake 0.2(0.2)a,A 0.0(0.0)a,A 5.4(1.9)a,A 0.1(0.1)a,B
Sorghum-

sundangrass
seed 0.6(0.3)a,A 0.0(0.0)a, A 2.5(0.8)ab,A 0.0(0.0)a,B
Corn-sorghum-

sudangrass
seed 0.1(0.1)a,A 0.0(0.0)a,A 2.3(0.Mab,A 0.0(0.0)a,B
Corn ear 0.0(0.0)a,A 0.0(0.0)a,A 2.7(0.5)ab, A 0.0(0.0)a,B
Potato seed 0.1(0.1)a,A 0.1(0.1)a,A 1.4(0.8)b, A 0.0(0.0)a, A
Carrot 0.3(0.2)a,A 0.1(0.1)a,A 2.1(0.9)ab,A 0.0(0.0)a,B
Rolled oat 0.1(0.1)a,A 0.2(0.1)a,A 5.4(1.6)a,A 0.0(0.0)a,B

aNumbers of Conoderus spp. and M. communis larvae were transformed to n (X +1) to stabilize error variance.
Nontransformed means are presented. Means within each column of each experiment followed by the same lowercase
letter are not significantly different (K-ratio = 100; Waller-Duncan K-ratio ¢-test). Soil and food bait means for each
wireworm species within each experiment followed the same uppercase letter are not significantly different (P > 0.05;
based on a t-test or on 95% confidence interval of food bait when no wireworms were found in soil samples [means
differed if 0 was outside the range of the 95% confidence interval of the food bait]).

Wireworms were most abundant in experiment 2 followed in decreasing order by
experiments 3 and 4. Differences in wireworm abundance among experiments might be
due, in part, to the length of time the cover crop was present in each field. McSorley
et al. (1987) found that wireworm abundance and subsequent damage to potato were
positively correlated with the length of time that the cover crop was present in potato
fields.

In experiment 2 wireworm numbers did not differ among most food baits (Table 1),
although they tended to be more numerous (although not significantly) in the oatmeal-
corn flake and rolled oat baits. Melanotus communis larvae were 3.9-times more numer-
ous in the oatmeal-corn flake and rolled oat baits than in the potato seed bait. Numbers



508 Florida Entomologist 72(3) September, 1989

TABLE 2. MEAN TIME (+ SEM) (MINUTES) REQUIRED TO PROCESS VARIOUS FOOD
BAIT SAMPLES PLACED IN POTATO FIELDS 2-3 WEEKS BEFORE PLAN-
TING IN HOMESTEAD, FLORIDA.

Processing time of food bait, min.?

Experiment
Bait 1 2 3 4

Corn seed 25.6(2.0)b 26.0(1.2)a 13.3(0.1)a 17.4(1.1)a
Oatmeal-
corn flake 29.2(4.2)b 19.9(1.4)b 13.1(0.6)a 15.4(0.4)be
Sorghum-

sudangrass
seed 61.9(4.6)a 20.5(2.2)b 13.3(0.3)a 17.2(0.6)ab
Corn-sorghum-

sudangrass
seed 55.2(4.4)a 26.8(0.7)a 13.6(0.3)a 18.6(1.2)a
Corn ear 25.7(2.4)b 19.6(0.8)b 13.1(0.1)a 12.8(0.7)d
Potato seed 25.7(3.8)b 17.7(0.8)b 13.7(0.2)a 14.0(0.5)cd
Carrot — 19.0(1.9)b 13.2(0.4)a 14.4(0.4)ed
Rolled oat — 21.0(0.8)b 14.2(0.5)a 14.9(0.7)¢

*Means within a column followed by the same letter are not signifieantly different (K-ratio = 100; Waller-Duncan
K-ratio ¢-test).

of Conoderus spp. larvae did not differ (F = 1.8; df = 6,49; P = 0.27) among food
baits. The significant variation found among blocks (F = 3.6; df = 7,49; P = 0.004)
probably reduced the sensitivity of tests. For example, the ranges of M communis
larvae collected in food baits were 0-5, 0-16, 0-6, 04, 1-5, 0-7, 0-6, and 1-14 in corn seed,
oatmeal-corn flake, sorghum-sudangrass seed, corn-sorghum-sudangrass seed, sweet
corn ear, potato seed, carrot, and rolled oat baits, respectively.

In experiments 3 and 4, numbers of wireworm larvae did not differ (F < 1.8; df =
7,56; P= 0.11) among food baits. The lower abundance of wireworms in experiments 3
and 4 probably reduced the sensitivity of tests,

In 1986, insecticide-treated seed baits were used, whereas in 1987, nontreated seed
baits were used. However, the use of insecticide-treated seed in 1986 probably had
little, if any, affect on the numbers of wireworm larvae collected in seed baits since the
use of nontreated seed baits in 1987 did not increase the number of wireworms collected
in baits as compared with the oatmeal-corn flake and rolled oat baits.

Processing times differed (F = 6.50; df = 7,56, P = 0.0001) among food baits in
experiments 2 and 4, but did not differ in experiment 3 (¥ = 12.9; df = 7,56; P = 0.33)
(Table 2). In experiments 2 and 4, the corn seed and corn-sorghum-sudangrass seed
baits required 1.1- to 1.4- and 1.2- to 1.5-fold more time to process than most other
baits. Potato seed, sweet corn ear, and carrot consistently required the least time to
process, and their processing times were not significantly shorter than oatmeal-corn
flake and rolled oat baits in most experiments.

Processing times of seed baits were considerably shorter in 1987 than in 1986. Ger-
mination of corn seed and sorghum-sudangrass seed was high (99%) in 1987. However,
when baits were dug, seedlings were only about one-fourth the size of those in 1986.
The smaller size of seedlings in seed baits was probably due to cooler mean daily air
temperatures in 1987 (averaged between 19.0 and 20.9° C in the three experiments)
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than in 1986 (24.9° C). Also, less precipitation fell during the experiment in 1987 (4.4
em of total rainfall) than in 1986 (5.3 em of total rainfall) which probably affected seedling
size and subsequent processing times of seed baits.

The difference in processing times among the 3 experiments in 1987 was probably
related, in part, to the order in which samples were processed and to differences in
numbers of wireworms collected among experiments. Baits from experiment 4 were
processed first, followed by experiments 2 and 3. The consistently shorter processing
times in experiment 3 are unclear, but might have been associated with an improved
efficiency of the processor. More time was probably needed to process baits in experi-
ment, 2 than in experiments 3 and 4 because 3.2 and 15.2 times more wireworms were
found in experiment 2 than in experiments 3 and 4, respectively. Differences in process-
ing times between 1986 and 1987 were probably due, in part, to different processors.
Nevertheless, in 1987, the two most attractive baits, oatmeal-corn flake and rolled oat,
required shorter processing times.

This study showed that food bait samples caught more (although not consistently
significant) wireworm larvae than soil samples in the Perrine marl soil of potato fields.
Oatmeal-corn flake and rolled oat baits were two of the most attractive food baits tested
and required relatively short times to process. We currently recommend the use of one
of these two baits for pre-plant sampling of wireworms in potato fields in southern
Florida. Because fields are routinely planted with the cover crop during the summer,
oatmeal baits should be placed in fields during the short time interval (1-2 months)
between the discing of the cover crop in September or October and planting (October-
December). Current studies are determining the number of rolled oat bait samples
required per field to reliably estimate wireworm larval populations before planting
potatoes.
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