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A bstract. Attempts to eradicate the West Indian sugarcane root
stalk borer weevil, Diaprepes abbreviatus L. with chemical in
secticides have all been unsuccessful. The use of 
entomopathogenic nematodes to control the larval stage of D. 
abbreviatus in Florida citrus is gaining acceptance by growers. 
No trials have been reported on the performance of these nem-
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atodes to protect citrus trees in a D. abbreviatus infested grove 
over a period of time greater than 1 year. This paper attempts 
to determine some of the potential benefits of multiple applica
tions of entomopathogenic nematodes over 4 years in a 7 acre 
Red Grapefruit grove infested with D. abbreviatus located near 
Vero Beach, Florida. The emergence of adult weevils was mon
itored with emergence traps and tree mortality was recorded. 
A total of 493 adult D. abbreviatus were captured over a 3.5 
year period. Little difference was observed in the number of 
trapped adults or in the incidence of tree decl ine from root 
damage due to larval feeding between the treated and the un
treated areas. Consecutive 45% and 48% annual reductions in 
captured adult weevils in 1993 and 1994, respectively, was 
speculated to be due to a high population of endemic parasites 
found in the soil. Soil bioassays for entomopathogens con
firmed a high level of Heterorhabditis sp. throughout the grove. 
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The West Indian sugarcane rootstock borer weevil, Di
aprepes abbreviatus L., was first detected in Florida citrus in 
1964 (Woodruff 1964). Since then it has spread to 18 counties 
and has been reported by the Florida Dept. of Plant Industry 
(1994) to infest 22,000 acres of commercial citrus. Early at
tempts to eradicate D. abbTeviatus with chemical insecticides 
were unsuccessful (Bullock, 1988). Currently there are no 
chemical pesticides labeled to control the destructive larval 
stage beyond the first instar of D. abbreviatus and the potential 
for further spread is tremendous (Knapp, 1994, McCoy, 
1994). Since it has been reported that adults can be found 
throughout the year with 2 peak emergence periods in June 
and September, the use of multiple costly adulticide sprays 
would be required (Beavers, 1983, Futch, 1994). Unfortu
nately, multiple pesticide applications would likely disrupt es
tablished biological control programs and could lead to 
resistance (McCoy, 1994). The use of an entomopathogen to 
con trol D. abbreviatus would address these problems as well as 
eliminate any environmental concerns. 

Beavers (1983) reported that D. abbreviatus larvae were 
parasitized by native soil populations of Steinemema carpocap
sae (Weiser) and HeterOThabditis sp. (Poinar) nematodes in 
weevil infested citrus groves and that they had the potential to 
control this pest with minimal undesirable effects on the en
vironment. Since then several studies have reported that the 
use of applied entomopathogenic nematodes reduced the 
adult emergence of D. abbreviatus (Schroeder, 1987, 1990, 
1992, Downing, 1991) and the number ofD. abbTeviatus larvae 
in the soil (McCoy, personal communication). However, the 
performance of entomopathogenic nematodes to protect the 
root system of citrus trees in D. abbreviatus infested groves has 
not been determined (McCoy, 1994). Since citrus trees grown 
in flatwoods soils have a shallow root system, larval damage is 
more pronounced (Futch, 1994). Therefore, a long term 
field trial was conducted in aD. abbTeviatus infested flatwoods 
citrus grove to determine if multiple applications of 2 ento
mopathogenic nematodes can reduce both the number of 
emerging adult weevils and tree mortality. 

Materials and Methods 

The trial began in March, 1991 at the Kerr Center groves 
located west of Vero Beach in Indian River County. D. abbre
viatus was first detected at the Kerr Center in May, 1990 and 
in the ensuing year, it reached a level of infestation at the 
study site were adults could be routinely observed by intense 
scouting. The 7.2 acre study site consisted of 1,000 vigorously 
growing 4 year old Ruby Red Grapefruit trees on S"'ringle cit
rumelo rootstock planted at 140 trees/acre (12.5 x 25 ft) on 
double row beds. The soil type is predominately Winder fine 
sand with a smaller portion of Manatee loamy fine sand. A 
well maintained irrigation system equipped with microemit
ters and 2 equally divided irrigation zones allowed for an un
treated or control area and a nematode treated area. Each 
area had 500 trees . Nematode applications were made by in
jection into the irrigation system with the filter removed via a 
12 volt pump. To assure a uniform distribution , nematodes 
were continually agitated with a circulation pump throughout 
the injection period. The irrigation system was run for 1 hr 
prior to injection and for 1 hr after injection. Nematode via
bilit)' was determined by removing a small sample prior to in
jection and viewing the nematodes under a microscope for 
mobility. 

The south half of the grove was treated with 7 applications 
of Steinernema cwpocapsae (All strain), (BimectorlZ 

) mer a 3 
year period at either 2 million nematod es per tree (label rate) 
or 4 million per tree (double label rate). One application was 
made in March, 1991 and 3 applications (including I hand
gun application directly on and around the trap area) ,,·ere 
made in 1992 and all ·were at the label rale. Three applica
tions (2 at double label rate) were made in 1993. One appli
cation of Heterorhabditis bacteriophora Cl strain, (Otinemi{) 
nematodes was made in November 1993 at 7.8 million nema
todes per tree. Trees in the untreated zone or control area re
ceived irrigation water only. Source water was from an 
artesian well with 1300 ppm Total Dissolved Solids. 

Adult weevil emergence traps were used to monitor adult 
D. abbTeviatus emergence rates from the ground to determine 
nematode efficiency (Schroeder, 1990, 1992, Downing,1991) . 
The trap was aIm diameter cone constructed from galva
nized screen fitted with a clear plastic cup at the top to hold 
the trapped adult weevils until collected. One hundred emer
gence traps were installed in each zone next to the tree trunk 
and within the tree row on the south side of the u-ee. Traps 
were examined weekly for each area from June to October, 
1991, April to October, 1992, February to August, 1993, and 
January to April, 1994. The number of captured adult D. ab
breviatus was recorded and the data were grouped by month. 

The performance of applied entomopathogenic nema
todes, in terms of their ability to protect the roots of D. abbre
viatus infested trees, was determined by comparing the 
number of declining trees in both areas after 3 years of 8 nem
atode treatments. Trees were described as "declining" if the 
tree was not producing harvestable fruit or appeared to be dy
ing due to the presence of root damage by the feeding activi
ties of D. abbreviatus larvae. Portions of the root system of the 
declining trees were examined to confirm root scarring from 
larval feeding by digging with a shovel to expose the roots or 
entirely by uprooting with a front end loader. The soil was ex
amined with a screen sieve for larvae, pupae , and teneral 
adults (alive and dead) which were counted and examined 
with a stereomicroscope for entomopathogenic nematodes. 
Trees in both sites were evaluated, marked, and recorded on 
12 May, 1994. 

Soil samples in both areas were assayed by Dr. vv. J. 
Schroeder at the USDA Laboratory in Orlando, Florida, to 
determine if entomopathogenic nematodes were present in 
the soil. Nematode presence and identification were deter
mined using the Galleria trap method (Bedding, 1975) and 
confirmed by Koch 's postulates. Soil samples were collected 4 
May and 29 August 1994 from 8 randomly selected trees in 
both the treated and the control areas and consisted of four, 
1 x 6 inch cores taken from within the dripline of each tree. 
The number of Galleria larvae infected with H eterm-habditis sp. 
nematodes as indicated by a characteristic brick red color 
were counted. For a complete methodology, see Schroeder, 
1992. 

Results 

The total number of wee,rils captured during the 4 year 
trial was 493. After 8 applications of entomopathogenic nem
atodes over 4 years, a slightly greater number of adult D. ab
breviatus was captured in the treated area than in the control 
area (Table 1). When the data for emergence were grouped 
monthly, no short term suppression of adult emergence is de
tectable after the indicated applications of S. carpocapsae (Fig-
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Table 1. Compalison of the number of declining" trees and the number of 
adult DiacpejJes abbTl:vialus captured in a Diaprepes infested flatwoods cit
rus grove treated with entomopathogenic nematodes from March 1991 
to November 1993. Vero Beach, Florida. 

No. of No. of Adult Percent of 
No. of Declining Captured/ Total Adults 

Treatment Applications Trees/SOO (%) 100 traps Captured 

Nematodes 8 26 (5.2) 261 53 
Control 0 4 (0.8) 232 47 

'A tree was defined as "declining" if it was dying or not producing harvest
able fruit due to root damage by D. abbrevialus larvae. 

ure 1&2). A single application of H. bacteriophora did not 
indicate suppression of emergence ei ther (Figure 3). The 
yearly emergence summary presented in Figure 4 shows no ef
fect for nematode treatments when the data are grouped in 
an annual fashion. 

The lack of performance of nematode applications in 
terms of protecting the root system of infested trees in our tri
al is evidence by a 6 fold increase in tree decline in the treated 
area 3 years after the first of 7 applications of S. carpocapsae in 
March, 1991 (Table 1). Three representative dying trees were 
uprooted from each area to confirm root damage; all exhibit
ed extensive root damage due to D. abbreviatus larvae. 

To illustrate the seasonal abundance, the 1992 to 1994 
monthly emergence data were combined from both areas in 
Figure 5. A broad period of adult emergence from spring to 
fall is indicated with the greatest emergence activity occuning 
from April to June. There was also a downward trend in adult 
emergence evident from 1992 to 1994. This downward trend 
is more apparent in Table 2 which presents the number of 
emerging adults from the same 12 week period for each year 
(15 April - 1 July) during peak emergence. D. abbrevialunvas 
detected at the Kerr Center groves in May 1990. In 1991 only 
6 adults were captured over a 5 month period from all 200 
traps. In 1992 the number of trapped weevils soared to 187 
adults. However, in 1993 and 1994, the number of trapped D. 
abbreviatus decreased by 45% and 48% respectively (Table 2). 
The data in Table 2 does show a slightly greater decrease in 
adult emergence for the treated area indicating a possible ef
fect of the nematode applications. . 

The results of2 bioassays shown in Table 3 revealed a high 
population of H. bacteriophora in the soil at the study site. This 
is dramatically evident in the May, 1994 soil samples which 
produced a 70% mortality rate of the Gallaria larvae due to H. 
bacteriophora. Similar levels of H. bacteriophora were observed in 
both the control and treated areas as indicated by no signifi
cant difference (P = 0.05) in Gallaria larvae mortality for ei
ther sampling date. Furthermore, when the declining trees 
were uprooted to confirm the presence of D. abbreviatus larvae 
and their characteristic root damage, we observed a high in-
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Figure 5. A three-year comparison of the monthly emergence of adult DiajJ1qJes abbrevialus collected from all 200 traps from 1993 to 1994, Vero Beach, 
Florida. 
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Table 2. Yearly variations in populations of captured adult Diaprepes ab/rreu;a
Ius based on twe lve weekly (15 April - 1 July) collec tions from 100 emer
gence traps located in each area at Vero Beac h, Florida. 

Num ber of Adu lts Captured % Decrease in Population by Year 

Date Control Trea ted Total Contro l Trea ted Total 

1991' 5 1 6 
]992 80 107 187 
]993 48 55 103 40 49 45 
]994 27 27 54 44 49 48 

'1991 collections were from 19 June to 30 October (20 weeks). 

Table 3. Relative levels of Heterorhabditis bacteriO'pllOra in tes t site soi l as deter
mined by Galleria bioassay. 

% Mortali ty of Galleria 

Date Sampled Control Treated 

4 May 1994 69 a' 71 a 
29 Aug 1994 42 a 29 a 

'Mean separation in rows by Student's t-Test at p; 0.05 

cidence of mortality for ten eral adults from both the control 
and treated areas. Upon examination under a stereomicro
scope all the D. abbreviat'Us corpses con tained unidentified 
nematodes. 

Discussion 

Using the methods described, we could not demonstrate 
any significant suppression in weevil emergence with 7 succes
sive applications of S. carpocapsae or lone application of H. 
bacteriophom nematodes. The reasons for most tes t failures ac
cordingto Georgis (1991) are the use of unsuitable nematode 
strains or environmental conditions. The possibilities for the 
failure of S. carpocapsae in this trial could be its reported ten
dency to remain near its point of application and its low host 
finding ability (Georgis, 1991) . In view of the successive fa il
ures to suppress weevil emergence presented here , it is un
likely that this species holds any great degree of promise for 
the control of D. abbreviatus in citrus. 

Since several studies have demonstrated suppressio n of 
adult D. abbreviat'Us emergence with H. bacteriophom nema
todes , (Schroeder, 1990, 1992, Downing, 1991 , McCoy, pe r
sonal communication) a possible explanation for their failure 
in this trial is thought to be the presence of a more effective 
endemic pathogen . Our results indicated a high level of H. 
bacteriophora present in the soil of the study area. Beavers 
(1983) observed that 45% of 55 groves surveyed in 1981 had 
detectable populations of entomopathogenic nematodes ca
pable of producing 70% Galleria larvae mortality. This is the 
same degree of Galleria larvae mortali ty attributable to H. bac
teriophom observed in this trial. The presence of nematode in
fested teneral adults was found during the examination of the 

root systems in the control area. Most convincing, is the back 
to back annual emergence reductions of 40% and 44% in the 
control area. Since an endemic population of H. bacteriophom 
has been shown to exist at the study si te, it could be responsi
ble for the reduction in the population of D. abbreviatus larvae 
in the soil to such an extent tha t it is masking any possibl e ef
fect of the applied entomopathogenic nematodes. While all 
the data in this study indicates that H. bacteriojJhom is the most 
likely endemic entomopathogen reducing the population of 
D. abbreviatus as indicated by our annual trapping results , fur
ther examination of the soil at the study loca tion is required 
to determine conclusively what organism is responsible for 
the reductions in D. abbreviatus emergence reported here. 

Perhaps the most important finding in this trial is the 
presence of an endemic nematode population of H. bacterio
phora, that is a known entomopathogen of D. abbreviat'Us. Ef
forts are underway to determine what citrus management 
practices could enhance or diminish the H. bacteriophom pop
ulation in the soil. The concept of management practices 
compatible for citrus crop production and endemic biologi
cal control agents represents a possible component of a con
trol strategy for this devastating insect. This new concept 
warrants investigation. 
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