JAPANESE BEETLE PREFERENCES
AMONG LI NDEN CULTI VARS!

by C. J.Sacksteder and H D. Gerhold, graduate
assistant and professor of forest genetics,
School of Forest Resources, The Pennsylvania

State University, University Park, Pennsylvania

ABSTRACT . --Defoliation of four linden cultivars by
Japanese beetles (Popillia japonica) was conpared on
three dates. Tilia cordata "Geenspire' was dam
aged nmuch nore than T.~cordata 'June Bride'. T.
ameri cana ‘Rednond’ was fed upon nearly as much-as

the "Geenspire' lindens, but T. tonentosa (Prince-

ton strain) was damaged very littTe. " Geenspire'
lindens growing along city streets about one mle
away were not defoliated at all. Differences in

beetl e preferences seemto be inportant only if lin-
dens are to be planted near |awns, where beetles can
multiply in the sod. Mtro. Tree Inpr. Alliance
(METRIA) Proc. 1:44-48, 1978.

| NTRODUCTI ON

The Japanese beetle, Popillia japonica Newran, has.
spread through nost of the eastern United States since its
introduction to New Jersey in 1916. |n the Northeast, par-
tially devel oped grubs overwinter in the soil (Johnson and
Lyon, 1976); in the spring they start feeding on fibrous
roots and organic matter until about an inch |ong (Becker,
1938). The mature grub then pupates and adults energe a
few 'days later - about the third week in May in North Car-
olina to early July in New England. The adult lives for
30-45 days and each female |ays 40-60 eggs. Eggs hatch in
about two weeks and the small grubs feed on rootlets until
wi nter (Johnson and Lyon, 1976).

1 Research supported in part by the USDA Northeastern Forest
Experiment Station through the Pinchot Institute Consortium
for Environmental Forestry Studies. Journal Paper No. 5146
of the Pennsylvania Agricultural Experiment Station. Center
for Air Environment Publication No. 446-76.
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. Adult beetles feed on about 300 species of fol ants, chew
ing out the tissue between veins. The% prefer plants in
direct sunlight and usually start at the top and work down-
ward.  The anount of damage to a plant depends on its attrac-
tiveness to the beetle, the nunmber of beetles in the area,
and local conditions (Flemng, 1962). Adult beetles can
conpletely defoliate a tree, Which inpairs the tree's health
and seriously reduces its aesthetic val ue.

In places where Japanese beetles could cause serious
damage it would be advantageous to plant trees that are re-
sistant. This paper reports the relative preferences of
Japanese beetles for four linden cultivars.

MATERI ALS AND METHODS

During the sumers of 1975 and 1976 Japanese beetles
were observed feeding in a small plantation of ash and |inden
cultivars located on the Blue Golt Course at The Pennsylvania
State University. The plantation was established in 1973 to
study effects of air pollutants, and consists of three ran-
an1zed bl ocks, each with 7 ranets of each of the follow ng
cl ones:

Fraxi nus anericana 'Rosehill' -- Rosehill Ash

F. excelsior "Hessei' -- Singleleaf European Ash

F. pennsylvanica 'Marshall's Seedl ess' -- Marshall
Seedl ess Ash _

F. pemnsylvanica 'Summit' -- Summitt Ash

Tilia americana ' Rednond’ -- Rednond Linden

T. cordaffa "Geenspire’ -- Geenspire Linden

T. cordata 'June Bride' -- June Bride Linden .
T, fomenfosa 'Silver Linden', grafted Princeton Strain

Al the trees were about the same size (aOIJpr_oxi mat el y
10" tall), except the silver lindens, which haa died back
aftter”p)l anting and were nostly basal sprouts (approximately
3 tall).

~In June it was noticed that the Geenspire |indens were
bei ng SevereIT){1 damaged by Japanese beetles, but the ash were
untouched. The other lindens were bei nP_ attacked less than
the Geenspires. The beetles were defoliating the tops of
the trees and working their way downward.

On July 10, 19'75, the damage to each |inden was recorded.
For each tree the percent of |eaves attacked and the percent
of area removed from an average |eaf was estimated, both to
the nearest 10% These two firgures were _multiplied to give
a total percentage of foliage removed. That afternoon all|
trees were sprayed by golf course enployees with insecticide.
This treatnment protected the trees for a few days, but within
several days nore beetles resuned feeding on the |indens.
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On August 20 the anount of foliage subsequently renoved
was recorded by subtracting the percenta?e of foliage renoved
on July 10 fromthe total percentage of Toliage renoved by
August 20. Data were taken again on July 16, 1976.

RESULTS

An anal ysis of variance was perfornmed on each set of
data. Al three analyses showed the clones as a significant
source of variation (Table 1). There was a significant rep-
licate effect in data fromJuly 16, 1976 and a small repli-
cate x clone interaction on the data of August 20, 1975.

Qultivar neans are shown in Table 2. The Geenspire
| indens received the nost damage followed closely by the
Rednond |indens. June Bride |indens consistently ranked
third, followed by the silver lindens with the |east anmount
of damage. Duncan's Modified Least Significant Difference
test showed nost of the cultivar neans s%%?ificantly differ-
ent fromeach other; but on August 20, 1975, and July 16,
é%IG,dCIeenspires were not significantly different fromthe
ednonds.

DI SCUSSI ON

Flem ng (1962) reported that Japanese beetles feed
extensively on Anerican linden (Tilia anericana) and
littleleaf |inden (T. cordata) but only TightTy to noder-
ately on silver linden (T. tomentosa), and not at all on
either green or white ash, This is totally consistent with
our observations. Near Woster, Chio, T. anericana
"Redrmond’ has been observed as the gultivar of TilTa first
attacked and nost severely damaged. ~ tn contrast, our Geen-
spires were damaged significantly nmore than the Rednonds
in the beginning of the summer of 1975, but received the
same_amount of danmage in the latter part of that year and
in 1976. This difference may be due to our nethod of
observati on. Rednonds seened to retain the brown skeletons
of consunmed | eaves |onger than G eenspires, which nakes a
tree appear worse than when these |eaves fall off. In
col lecting our data the differences in retention of dead
| eaves was i gnored.

~Under our conditions T. cordata 'Geenspire’ and T.
anmeri cana *Rednmond' were highly preferred by Japanese

' Personal conmunication, April 6, 1976, T. L Ladd, Jr.
Research Leader, Japanese Beetle Research Laboratoré, thio
Agriculture Research and Devel opment Center, ARS, USDA,
Woster, Chio.
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Table 1. Mean squares from anal yses of variance of percent
foliage removed fromlinden cultivars by Japanese

beet | es.
Sour ce D.F.  July 10, 1975 August 20 1975 July 16,1975
Repli cates 2 4.9 n.s. ® 6262.2 n.s. 264.4"
Cl ones L7 .,0% 376.6% 2530.5%
R x C 8 754 .9 n.s. Lig.o% 145. 4 n.s.
Error 72 37.6 176.6 125.5
a

n.s. not significant
* significant at 95% |evel

Table 2. Percent of foliage renmoved fromlinden cultivars
by Japanese beetles.®

cultrivar July 10, 19/0 August 20, 1975 July 16, 1Y9/5
G eenspire 44,0 44. 6 28.2 b
Rednond 11.8 41.1 23.0 b
June Bride 7.3 22.0 18.5
Silver 1.9 7.3 4.4

% Values within dates were significantly different from each
other at the 95% | evel except those followed by the sanme
letter. Values between dates were not conpared statistically.
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beetles, T. cordata 'June Bride' was preferred nuch |ess, and
T. tonentosa was preferred the least. These rankings depend
on the Tocal conditions and vegetation. Had there been an
abundant source of a nore preferred food (roses, for instance)
the |indens may have been attacked much | ess. Al so, beetles
usually fly only short distances to find food (Flemng, 1962),
and less than a mle away G eenspire |indens grow ng al ong
city streets were not defoliated at all. It seens that these
differences in preferences may only be inportant if the |in-
dens are planted near areas such as |awns, where the beetles
can multiply in the sod.

Japanese beetles may be controlled successfully by in-
secticides such as Sevin (Carbaryl), but repeated spraying
Is often necessary and costly. Biological control methods
have been investigated, and a disease-causing bacteriumis
commerci ally available (Johnson and Lyon, 1976). The best
met hod of "control" is to avoid planting preferred trees
where Japanese beetles are a problem

The large difference in damage between the two cultivars
"Geenspire and 'June Bride' indicates that intraspecific
variation in attractiveness to Japanese beetles exists in
Tilia cordata. Schreiner (1949) reported large variations
I n Japanese beetle damage anong i ndividual Popul us hybrids
of the same parentage. This supports the idea that attrac-
tiveness to Japanese beetles is ?enetically control |l ed and
that it would be possible to exploit natural variation, or
variation anong hybrids, and breed beetle-resistant cultivars.
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