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Abstract
A field experiment was conducted in 2002 to evaluate the effect of five grub densities of second instar Phyllophaga anxia (LeCont)
Glasgow larvae on feeding damage to roots of young seedlings of Fraser fir, Abies fraseri (Pursh) Poir., Christmas trees in a transplant
bed. Larval densities were equivalent to approximately 0, 31, 62, 93, and 124 larvae per m2 (≈ 0, 3, 6, 9, and 12 larvae per ft2). Larval
survival and variations in larval and seedling weight were also evaluated. Regardless of the larval density, when P. anxia grubs were
present, all Fraser fir seedlings experienced significant root damage as well as subsequent plant injury (i.e., decline or mortality). Larval
density as low as one grub per 0.11 m2 (≈ 3 larvae per ft2) caused heavy to severe root damage to young, two-year-old, P2-0 Fraser fir
seedlings. An inverse relationship was observed between plant weight and root damage.
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Significance to the Nursery Industry
The results of this research will provide Christmas tree

growers with an understanding of the damage threshold of
May/June beetle, Phyllophaga anxia (LeConte) Glasgow,
grubs in Christmas tree plantation transplant beds. This in-
formation will help nursery growers in implementing appro-
priate insecticide control strategies of Phyllophaga spp. grubs.

Introduction
White grubs of the genus Phyllophaga are below-ground,

soil-dwelling insects that feed on the roots of numerous plants
including coniferous and deciduous trees, annual and peren-
nial grasses including turf, and other vegetation including
various weed species. Grub damage to conifer seedlings in
nurseries can be a serious problem (6, 9), causing losses in
pine nurseries of 25–40% (3). Such losses are not only mon-
etary, but also disrupt future planting programs (7). The lar-
vae of Phyllophaga spp. and related beetles can severely
damage young pine plantations in the Lake States Region
(2). Damage to conifers occurs when the white grubs feed on
the roots by cutting or stripping the roots of the tree. Typi-
cally, the lateral and taproots are girdled or chewed off (10),
often resulting in plant injury or death (1). Plant damage
symptoms are similar to that of drought injury. Survival of
discolored seedlings depends on the original vigor, the na-
ture and degree of injury, and weather conditions (9). Dam-
age is more common and most extensive in plants that are

less than two years old, especially in 1–0 and 2–1 seedling
plant stock (1–0 and 2–1 represent 1 and 2 yr growth in seed-
ling beds, plus 0 and 1 yr growth in transplant beds).

Approximately 30 larvae per m2 (≈ 3–4 grubs/ft2) is con-
sidered to be the damage threshold in turf (13), whereas
Schwardt (6) suggested that relatively small populations, as
few as one grub per ft2 are potentially very destructive. More-
over, Shenefelt et al. (8) estimated that when as few as five
grubs per m2 (< 1 grub/ft2) are present, control measures
should be implemented. Based on these assumptions, rec-
ommendations for control measures have been made for white
grub population densities (5, 8, 9, 12).

A study was conducted to accurately assess the larval den-
sity threshold of second instar Phyllophaga anxia (LeConte)
Glasgow white grubs feeding on roots of young seedlings of
Fraser fir, Abies fraseri (Pursh) Poir., Christmas trees in trans-
plant beds. This information is critical for determining and
implementing integrated pest management (IPM) control
recommendations.

Materials and Methods
The study was conducted in the summer and autumn of

2002 in Shawano County in northeastern Wisconsin. The field
site was a Christmas tree plantation transplant bed that con-
sisted of a sandy loam soil with overhead irrigation. Five
white grub population densities were evaluated: 0, 31, 62,
93, and 124 larvae/m2 (0, 3, 6, 9, and 12 larvae/ft2). The treat-
ments were arranged in a randomized complete block design
(11) with five replications of each treatment. Individual P2–0
Fraser fir, Abies fraseri (Pursh) Poir., Christmas tree seed-
lings were planted in individual 4-liter or 1-gal (20.3 cm dia
× 15.2 cm high; 8 in dia × 6 in high) plastic ice cream con-
tainers on July 25, 2002. Transplant beds typically have seed-
ling populations closer to six plants per square foot; how-
ever due to the constraints and objective of this study, seed-
ling population density was approximately three plants per
ft2.

A P2–0 Fraser fir seedling is a plant plug that has two
flushes of growth (equivalent to 2 years) and no time in a
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transplant bed. The Fraser fir seedlings were obtained from
Itasca Greenhouse (Cohaffet, MN); the ice cream containers
from Schoep’s Ice Cream Company (Madison, WI). Six 0.5
mm (0.02 in) diameter holes were made in the bottom of
each plastic container to allow water drainage. Seedlings were
selected for similarity of size, well-developed root system,
and healthy appearance. The native sandy loam soil was col-
lected from the transplant bed, and approximately 4850 cm3

(≈ 296 in3) of soil added to each plastic container. Respec-
tive containers were labeled and inserted into the soil profile
of the transplant bed to a depth that allowed the top of the
plastic container to extend approximately 2.5 cm (≈ 1 in)
above the soil surface. Containers were equally spaced 40.6
cm (≈ 16 in) apart within each block, and blocks were 1 m (≈
3 ft) apart.

Immediately following insertion of the containers into the
soil, approximately 0.64 cm (≈ 0.25 in) of water was applied
to promote seedling establishment. Thereafter, seedlings were
watered every 3 to 4 d or as needed. All weed species includ-
ing monocotyledons and dicotyledons were physically re-
moved from containers on an as needed basis. The Christ-
mas tree seedlings were allowed to acclimate for 14 d. Dur-
ing this acclimation period, unidentified second instar
Phyllophaga larvae were collected from the endemic popu-
lation inhabiting nearby Christmas tree fields. Once collected,
larvae were returned to the laboratory for identification. A
taxonomic key as described by Kriska (4), was used to accu-
rately identify the larvae. After identification, Phyllophaga
anxia larvae were weighed and placed into plastic contain-
ers with soil and a Fraser fir seedling on August 8, 2002.
Treatments included 0, 1, 2, 3, and 4 larvae per container.

On September 26, 2002, all plastic containers were re-
moved from the transplant bed and respective plastic con-
tainers were evaluated for grub survival, larval weight (g)
and seedling weight (g). Roots were scored according to a
Root Damage Index (RDI) modified from Johnston and Eaton
(3) and Fowler and Wilson (2) as follows: 1 = no grub injury,
2 = up to 33% of fibrous roots destroyed by grubs, 3 = 34–66%
of fibrous roots destroyed by grubs, 4 = 67–99% of fibrous
roots destroyed by grubs, and 5 = 100% of fibrous roots de-
stroyed by grubs.

Larval survival was determined by counting the number
of larvae alive in each plastic container. Larvae and seed-
lings were weighed with an Ohaus Scout II portable balance
(Florham Park, NJ).

Larval and seedling weight, and RDI were tested by 1-
way ANOVA using Statixtica 6.1 (10), with means of the
different larval densities compared to the treatment without
any P. anxia larvae at an experimentwise error rate of 0.05
(11).

Results and Discussion
All treatment densities of P. anxia larvae caused signifi-

cant root damage and subsequent lower plant weight com-
pared to the treatment without grubs (Table 1). An inverse
relation between RDI and plant weight occurred (Table 1).
This result is likely due to the consumption and complete
destruction of fibrous or succulent root tissue when more
grubs were present.

As presumed by Shenefelt et al. (8), results confirm that
merely one second instar larva has the potential to destroy
the roots of a young Fraser fir seedling. Despite the fact that
this study used only one plant density (i.e., approximately 3

plants per square foot), and a typical seedling density in a
Christmas tree transplant bed is closer to six seedlings per
square foot, when grub population densities approximate 31
grubs/m2 (≈ 3–4 grubs/ft2) extensive seedling damage will
likely result. Subsequently, when white grub populations in
transplant beds reach the aforementioned threshold, curative
or corrective insecticide treatments should be applied to trans-
plant beds to reduce seedling damage.

As the number of P. anxia larvae per unit area increased,
larval survival decreased slightly. This was likely due to can-
nibalism; as food resources were depleted, larvae began prey-
ing on each other. This phenomenon is common with several
species of white grubs. Furthermore, it is unlikely that other
vegetation such as weeds had any effect on the damage thresh-
old since all weed species were immediately removed
throughout the duration of this study.

To confound the difficulty of managing white grubs in
Christmas tree plantations, population densities of white grubs
are often highly variable to sporadic (9). As a result, white
grubs can be quite difficult to predict; thus very careful ob-
servations must be made when sampling grub populations
(9). Due to the development and commercialization of pre-
ventative (i.e., prior to egg hatch or before grubs begin feed-
ing) white grub insecticides such as imidacloprid (Bayer®)
and thiamethoxam (Syngenta®), Christmas tree growers have
an alternative white grub management strategy. Such pre-
ventive insecticides enable Christmas tree growers who ex-
perience perennial problems with white grubs to protect their
nursery beds before grub populations reach the damaging
threshold.
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larvae/m2 RDI Plant wt. Larval wt.  surviving
(10.8 ft2) (g) (g) (%)

0 1.0 ± 0.0ay 10.9 ± 0.7a — —
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yWithin columns, means followed by the same letter are not significantly
different (P < 0.05; ANOVA; LSD). Values (except number surviving) are
means ± SEM.
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