This article was downloaded by: [David Haviland]

On: 22 March 2012, At: 08:00

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

International Journal of Fruit Science

Publication details, including instructions for authors and

Im‘?;?;nﬁ;"l“ﬂl subscription information: _
okt http://www.tandfonline.com/loi/wsfr20
FT“":SE Development of Management Programs
H-ﬂ for White Grubs in California Blueberries
David R. Haviland ® & Natalie M. Hernandez *

& University of California Cooperative Extension-Kern Co.,
Bakersfield, California, USA

Available online: 14 Mar 2012

To cite this article: David R. Haviland & Natalie M. Hernandez (2012): Development of Management
Programs for White Grubs in California Blueberries, International Journal of Fruit Science, 12:1-3,
114-123

To link to this article: http://dx.doi.org/10.1080/15538362.2011.619355

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/wsfr20
http://dx.doi.org/10.1080/15538362.2011.619355
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [David Haviland] at 08:00 22 March 2012

International Journal of Fruit Science, 12:114-123, 2012
Copyright © Taylor & Francis Group, LLC e
ISSN: 1553-8362 print/1553-8621 online

DOI: 10.1080/15538362.2011.619355

Taylor & Francis

Taylor & Francis Group

Development of Management Programs
for White Grubs in California Blueberries
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Bakersfield, California, USA

During the past few years, white grubs have become recognized as
a pest of southern highbush blueberries in California. White grubs
feed on plant roots causing the plant to be stunted. In some cases,
plant death bas occurred when large grub populations attack newly
planted fields. The predominant white grub species in California
blueberries was identified as Cyclocephala longula. Research on
flight characteristics determined that grubs are primarily in the
thivd instar in April, pupate in May, and fly from mid-June through
mid-july. Egg hatch begins in mid-july. Adult beetles begin fly-
ing about 30 min after dark and can be collected for a period of
about 2 hours with black-light traps. Evaluation of control meth-
ods found that the entomopathogenic nematode Heterorhabditis
bacteriophora and the insecticide imidacloprid can both provide
control of the grub. Applications of Heterorhabditis bacteriophora
on April 1 initially only provided 8.3% control, but resulted in sec-
ondary spread that led to an epizootic within the grub population.
Applications of Heterorhabditis bacteriophora and imidacloprid
in August resulted in 81.6 and 71.1% control, respectively, the
Sfollowing June.
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INTRODUCTION

The white grub larval stages of Cyclocephala spp. are recognized throughout
much of the world as pests of turfgrass (Potter, 1998). Within turf and other
grassy areas, the grubs thrive in an environment containing shallow roots,
high organic matter, and high moisture. Until recently in California, white
grubs were rarely considered pests outside of turf. However, with the intro-
duction of southern highbush blueberry varieties, Vaccinium corymbosum
L. x V. darrowi Camp, blueberry production in California has been made
possible (Jimenez et al., 2005; Strik and Yarborough, 2005). Since the late
1990s and early 2000s, expansion of blueberry production into California
has allowed white grubs to expand their host range and status as a pest.

Southern highbush blueberries in California provide an excellent host
environment for white grubs. Blueberries are similar to turf in that they are
shallow-rooted, and planted into soil that is maintained at a high level of
moisture and amended with high amounts of compost and other organic mat-
ter. Most fields are heavily amended prior to planting blueberries to reduce
soil pH to a level conducive to blueberry production. During and after plant-
ing, drip irrigation is typically placed along the top of the amended soil,
after which several centimeters of mulch are maintained from year to year.
This system of drip irrigation within a mulch layer on top of amended soil
provides an environment analogous to the thatch layer found in turf where
the grubs typically reside.

Most plantings of southern highbush blueberries in California have been
planted since the late 1990s (Strik and Yarborough, 2005). Through the first
several years of production, there was little to no recognition of grubs as
a blueberry pest. However, this has changed since about 2007. The first
to recognize the problem were growers who planted new blueberry fields
adjacent to mature fields. What appears to have happened is that grub pop-
ulations slowly built up over several years in the initial blueberry plantings.
However, increased plant size as populations grew, coupled with the lack of
below-ground inspections by growers, caused the problem to go undetected.

When new plantings of blueberries were being planned in adjacent
fields, high amounts of compost and other organic matter were incorporated
into fields that were pre-irrigated during the period of time that we now
know to be the adult flight. Volatiles coming from freshly-hydrated compost
in the new fields were highly attractive to the adult beetles that laid their
eggs in the field such that small grubs were present in high numbers prior to
planting. Then, once plants were in the ground, grubs migrated to the roots
of the new plants and fed on the limited root systems, often times causing
plant death. Because of this experience by multiple blueberry growers, grubs
were initially recognized as a pest of young plants. However, now that an
increasing number of blueberry fields are becoming mature, grubs have been
documented to also cause significant stunting of mature plants. In some
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commercial blueberry fields, the density of grubs has been found to exceed
several dozen to over one hundred grubs per plant.

In 2007, we began our efforts to identify the grub pest attacking
California blueberries, particularly in the lower San Joaquin Valley. Efforts
to rear out grubs into adult beetles, coupled with black-light trapping efforts,
led us to identify Cyclocephala longula LeConte as the predominant white
grub species. This was based on the dissection of the aedeagi from 100 adult
males from June 15 and June 29, 2009 using the key written by Saylor (1945).
Cyclocephala longula was reported by Saylor as being a widely distributed
species, known from Oregon, Arizona, Lower California, Utah, and extremely
common throughout California.

Once the white grubs were identified as a pest of blueberries in
California, we began our efforts to determine how they could be controlled.
Initial efforts focused on grub biology, particularly to determine seasonal
differences in developmental stages present in the field. We also used black-
light traps to better understand characteristics of the June beetle flight. Lastly,
we did two trials, one of which was observational and one of which was
replicated to evaluate the potential role of entomopathogenic nematodes
and insecticides as part of a control program.

MATERIALS AND METHODS
Grub Biology

Seasonal biology of the grubs was evaluated using black-light traps coupled
with periodic sampling in the soil. A black-light bucket trap (Universal Black
Light Trap, Bioquip Products, Rancho Dominguez, CA, USA) was placed in
a commercial blueberry field in Mettler, Kern Co., California from May 13 to
July 12) 2007 and was evaluated weekly for the number of adult beetles
caught. In 2009, black-light traps were placed in two different commercial
blueberry fields on June 2 approximately 8 km apart near Righgrove, Tulare
Co., California and were evaluated weekly for the number of adult bee-
tles caught through August 11. Data from all three trials were evaluated by
plotting the data on a chart to visualize flight characteristics.

On the evening of June 15, 2009, additional data were collected to deter-
mine the period of time each day that flights took place. Four black-light
traps were placed within four different adjacent 20 ha blueberry fields. Traps
were turned on at 20:30 hr and were evaluated for the number of adult
beetles caught at 30-min intervals until activity stopped. Data were analyzed
by plotting the mean + SEM of the number of beetles caught during each
30-min period.

Collections of grubs and other life stages in the soil took place on May
6, June 2, and July 13, 2009 at one of the Richgrove sites to help validate the
stages of grubs present in the soil prior to and after the adult beetle flight.
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On each of these dates, hand trowels were used to dig around the blueberry
plants until at least 50 individuals were found. These observational data were
converted into percentage of Cyclocephala by developmental stage to assist
in understanding pest biology as well as estimate the most effective treatment
timings after the flight was over.

Grub Management

During 2009, we conducted two trials to evaluate management options for
blueberry growers. In the first experiment, we made observations of the
effectiveness of a commercial application of the entomopathogenic nema-
tode, Heterorbabditis bacteriophora Poinar, in a 40 ha commercial blueberry
field. Prior to the application, a total of 36 healthy third-instar grubs were col-
lected from the field and placed with soil into six 7.6 cm x 7.6 cm x 20.3 cm
long cylinders made out of 3.3-mm wire mesh. Three of these cages were
placed at one site towards the head end of a random irrigation drip line and
the other three were placed at a second site near the tail end of the line.
At each site, one cage of sentinel grubs was placed about 15 ¢cm deep at
locations that were about 5, 25, and 50 cm perpendicular to the drip line.

Terranem™ (Koppert Biological Systems, Inc., Romulus, MI, USA) was
applied to the entire field through the commercial injection system on April
1, 2009 at a rate of 1 billion infective juveniles per treated ha, which was cal-
culated as the 1-m wide top of the berm on a field with a 3.3-m row spacing.
This timing coincided with soil temperatures of approximately 15°C, which
is the approximate minimum temperature threshold for when the product
label states that the infective juveniles can maintain activity. Approximately
1 month after application, on May 0, the sentinel grubs were excavated from
the field and evaluated for the presence or absence of Heterorbabditis bacte-
riophora. Additional sampling was conducted on June 2, July 13, and August
6. On each evaluation date, grubs and other life stages were collected from
random locations within the treated field. Individuals were recorded by life
stage, evaluated to determine if they were alive or dead, and were dissected
to determine the presence of entomopathogenic nematodes. Data were sum-
marized to determine if nematode treatments had successfully started a
self-perpetuating epizootic in the field that warranted further evaluation in a
replicated field trial.

The second trial to evaluate management options for growers was
conducted to determine the effects of imidacloprid (Admire® Pro, Bayer
CropScience LP, Research Triangle Park, NC, USA) and Terranem™ on grub
populations compared to an untreated check. Twelve rows (= 0.87 ha) of
a commercial blueberry field in Mettler, Kern Co., California were organized
into a randomized complete block design of four blocks of two treatments
and an untreated check. Each plot was 200 m long by one row wide
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and contained approximately 220 blueberry plants. The first treatment was
Admire® Pro at a rate of 167 ml of product per treated ha. Applications were
made by the grower cooperator on August 13, 2009 by injection through
the drip system. The drip system was composed of two drip lines along
the top of the berm, with one line on each side of the blueberry bushes.
Emitters on each line were spaced at 0.41 m apart with a flow rate of 0.95 1
per hr per emitter. Applications included a 24-hour pre-irrigation, followed
by 84 ml of product, followed by 20 more hours of irrigation, followed by
the other 84 ml of product. The second treatment was Terranem™ at a rate
of 1 billion Heterorbhabditis bacteriophora infective juveniles per treated ha
within the 1-m band down the top of the berm. Applications were made on
August 13, 2009 by splicing into the drip lines of each row to be treated
and injecting the nematodes using an Air Driven Diaphragm Pump (Model
G575205, Flojet-ITT, Foothill Ranch, CA, USA) hooked up to a pressurized
CO, tank. To do this, the Terranem™ product for the treated area of one
row (= 245 sq m) was mixed with 15 I of water and injected over a period
of approximately 20 min following a 12-hr preirrigation and followed by a
12-hr postirrigation.

The effects of treatments were evaluated the following spring on
June 10, 2010 by determining grub density around blueberry roots. In each
plot, shovels and trowels were used to excavate soil from areas approxi-
mately 0.6 sq m in size. This was done by excavating soil from a rectangular
sampling area bordered on the ends by the trunks of two plants and on
the sides by the center line of the row and another that ran approximately
60 cm perpendicular to the center of the berm. Twenty excavations of this
type were done per each plot and the total number of grubs found was
recorded. Data were organized as total grubs per 20 excavations and are
reported as average number of grubs per 10 plants. Calculations were also
made of the percentage of excavations positive for grubs. All data were ana-
lyzed by ANOVA with means separated by Fisher’s Protected LSD («¢ = 0.05)
(SAS Institute, 1999).

RESULTS AND DISCUSSION
Grub Biology

Black-light traps at the Kern Co., Tulare Co. site 1, and Tulare Co. site 2 loca-
tions caught 16,450, 7,504, and 13,324 beetles, respectively (Fig. 1). In all
three cases, beetle flight began approximately 1 week into June, peaked
during the last 2 weeks of June, dropped off by mid-July and was over by
the first of August. The greatest numbers of catches, constituting 84.6, 85.2,
and 72.4% of all adults, respectively, were collected during a 3-week period
from June 9 to June 30. Subsamples of 50 adult male beetles per trap were
collected on June 15 and July 21 2009 from each of the two Tulare Co. sites
and were found to be greater than 97% Cyclocephala longula.
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FIGURE 1 Per night beetle catches in black-light traps at three sites in the lower San Joaquin
Valley.
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FIGURE 2 Beetles collected during 30-min periods from 20:00 to 01:30 hr on June 15, 2009 in
Richgrove, CA.

Trapping data from June 15, 2009 documented that beetles begin fly-
ing about one half hour after sunset, which occurred at 20:31 hr on that
date (Fig. 2). Very few beetles were collected prior to the 20:30 to 21:00 hr
collection period, after which high numbers of beetles comprising 24.7% and
33.6% of the total beetles collected were captured from 21:00 to 21:30 hr and
21:30 to 22:00 hr, respectively. Only 8.3% of the beetles were collected after
21:30 hr.

Field collections of life stages in the soil prior to and just after the
flight were consistent with what would be expected based on the flight
period. On May 0, a total of 82 Cyclocephala were collected with 70.7%
still third-instar grubs and 29.3% pupae. By June 2, approximately 1 week
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before the flight began, a total of 75 Cyclocephala were collected, of which
85.3% were teneral and other young adults that had not yet left their pupal
chamber, 4.0% were pupae, and 10.7% were still grubs. Observations noted
that many of the grubs were becoming a lighter color indicating that they
were about to pupate. By July 13 as the flight was concluding, a total of 88
Cyclocephala were collected, comprised of 14.7% adults, 22.7% eggs, 55.7%
first-instar grubs, and 6.8% second-instar grubs.

Grub Management

Evaluations of the April 1 commercial application of Terranem™ docu-
mented that the entomopathogenic nematodes were successfully applied
through the irrigation system and that they were able to attack grubs in
the soil. On May 6, approximately 1 month after application, the 36 sentinel
grubs located within cages in the soil were excavated. Of these, 33% were
found to be sick or dying. Dissection of these 12 grubs found that three
contained thousands of Heterorbabditis bacteriopbora, whereas the other
9 were dying of causes that were not due to entomopathogenic nematodes
or could not be confirmed as such. Despite the relatively low mortality rate
confirmed to be caused by nematodes (8.3% of all sentinel grubs), these data
indicated that the entomopathogenic nematodes had become established in
the soil.

On June 2, approximately 2 months after the application, the second
evaluation was conducted. Based on an estimated 2-week period required
for the new generation of infective juvenile Heterorbabditis bacteriophora
to move from host to host, the presence of the nematodes within any hosts
would confirm that the nematodes could reproduce and cycle through the
white grubs. During this evaluation, a total of 135 Cyclocephala were exca-
vated from the soil. Of these, 68 were grubs, 3 were pupae, and 64 were
adults. Out of the 68 grubs found, only 8 were alive while the remaining
60 (88.2%) expressed typical signs of death by Heterorbabditis bacterio-
phora. Dissection of these 60 grubs resulted in positive recognition of
entomopathogenic nematodes in 49 of them, while the remaining 11 had
been dead for an extended period of time such that they expressed signs
of death by Heterorbabditis bacteriophora, but the nematodes had emerged
from the hosts. Of the pupae evaluated, all appeared healthy. Of the 64 adults
found, 37 were alive and 27 were dead. Upon dissection, 16 of the dead
adults (59.2%) were found to be infested with entomopathogenic nematodes.
On July 13, after the flight was over, additional observations were made to
determine if Heterorbabditis bacteriophora was able to continue to the next
generation of grubs. A total of 49 first-instar and 6 second-instar grubs were
collected from the soil. Of these, 12.3 and 16.7%, respectively, contained
entomopathogenic nematodes. On August 6, no grubs were found after 3 hr
of searching.



Downloaded by [David Haviland] at 08:00 22 March 2012

White Grubs Management in California Blueberries 121

TABLE 1 The Effects of Fall 2009 Treatments on Grubs Density in June 2010

Avg £+ SEM

No. grubs per Percentage excavation
Treatment Rate per treated ha ten plants holes with grubs
Admire® Pro 167 ml 55+19a 163+ 13a
Terranem™ 1 billion infective juveniles 35+ 13a 125+ 32a
Untreated check 19.0 £ 43 b 425+ 43b
F 29.76 17.69
df 2,6 2,6
P 0.0008 0.0030

Means in a column followed by the same letter are not significantly different (2 > 0.05, Fisher’s protected
LSD).

These data, though unreplicated and only observational in nature,
suggested that applications of Heterorbabditis bacteriophora caused an epi-
zootic within grub populations below the soil. This information, coupled
with dozens of observations from untreated fields that entomopathogenic
nematode populations are negligible in fields where they have not been
introduced, confirmed the potential for nematode treatments as a viable
control strategy for farmers.

In mid-August 2009, the Kern Co. replicated field trial was established to
further evaluate nematode treatments, as well as the use of the commercial
insecticide, Admire® Pro. At the time of treatment, grubs were primarily
in the first, and sometimes second, instar of development. Data from these
plots on June 10 the following year confirmed the value of nematode, as
well as insecticide, treatments (Table 1). Plots treated with Admire® Pro and
Terranem™ had significant reductions of grub populations at 5.5 & 1.9 and
3.5 £ 1.3 grubs per ten plants, respectively, compared to 19.0 + 4.3 for the
untreated check (F = 27.6; df = 2,6; P = 0.0008). Similar results were seen
in the average percentage of excavations with grubs (¥ = 17.69, df = 2,6; P
= 0.0030).

CONCLUSIONS

The series of research projects described within this article generated the
basic information necessary to help growers develop in-field management
programs for white grubs in California blueberry fields. Surveys of beetle
stages present in the ground coupled with black-light trap catches docu-
mented that white grubs are in the third-instar grub stage in April, transition
to pupae through the month of May, are adults from mid-June through mid-
July, and produce eggs that hatch by early August. Data also showed that
adults begin flying about 30 min after sunset and can be collected for a
period of about 2-2Y, hr.
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Based on this information, management options that target adult beetles,
such as foliar applications of broad-spectrum insecticides, are unlikely to be
effective. Applications would need to be used during the second half of June
and would be best applied during the period from 30 min to 2-2Y%, hr after
sunset. However, observations showed that adult beetles do not feed and are
primarily in search of mates. Once a mate is found, paired-off adult beetles
can be seen digging themselves back into the soil where they would no
longer be exposed to foliar applications of insecticides. This leaves a very
short window of opportunity for control. This is a very different situation than
what occurs on the East Coast where the adult stage of the predominant grub
species, the oriental beetle, Anomala orientalis Waterhouse, remains above
ground to feed on foliage and fruit where they can be exposed directly to
insecticide applications and have the potential to eat pesticide residues on
treated plant surfaces (Polavarapu, 1996).

Treatments of the entomopathogenic nematode Heterorbabditis bac-
teriophora were documented in this project to be an effective tool in
management programs for Cyclocephala longula. This was true when appli-
cations were made against third-instar larvae in April once soil temperatures
reached 15°C, as well as in August when new larvae hatched. This is in
contrast to the results of Polavarapu et al. (2007) that showed a lack of effec-
tiveness of this entomopathogenic species of nematode against third-instar
larvae of the oriental beetle, Anomala orientalis. Data also showed that, over
time, nematode applications in April that initially only controlled a small per-
centage of the white grubs led to an epizootic within the grub population
as secondary, tertiary, and additional spread occurred within the blueberry
field. This information is particularly useful for organic blueberry growers
that have limited options regarding control with chemical insecticides.

Insecticide treatments with imidacloprid were also documented to be
effective against grubs when applied in August to California blueberries. This
is consistent with recommendations in turf that imidacloprid applications
are most effective if made when grubs are still in early-instar stages (Flint
et al., 2009). This timing would also not be detrimental to any Tiphia sp.
parasitoids that are found in California (Flint et al., 2009) and that may or may
not begin to provide biological control of grubs in commercial blueberries
as they do in other hosts (Rogers and Potter, 2003). Growers choosing to
use imidacloprid as a control method should use a monitoring program of
black-light traps and soil excavations to determine when eggs are being laid
and are starting to hatch. Then, as the eggs hatch, treatments should be
made, likely some time from late July through mid-August. Growers might
also consider trying combination treatments of imidacloprid as a synergist
that may or may not make entomopathogenic nematodes more effective
(Koppenhofer et al., 2002, 2003).

Combining all of this information, California blueberry growers should
have the basic tools to successfully monitor for white grubs within their fields
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and should be able to successfully reduce pest populations to levels below
those that will cause economic damage.
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