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Summary. Tannins are plant defense compounds that
exhibit antibiotic (e.g. toxic) and antixenotic (e.g. repel-
lent) effects against an array of plant pests. They are
broadly divided into two major groups, hydrolysable
tannins (gallotannins and ellagitannins) and proantho-
cyanidins, each with an undetermined number of com-
pounds. We investigated constitutive levels of hydroly-
sable tannins and proanthocyanidins in the leaves and
stems of American (Castanea dentata Marshall) (Fagales:
Fagaceae) and Chinese (C. mollissima Blume) chestnut.
American chestnut contained more proanthocyanidins in
leaves and stems than Chinese chestnut, but Chinese
chestnut contained more foliar hydrolysable tannins.
Regardless of these differences, gypsy moth (Lymantria
dispar L, Lepidoptera: Lymantriidae) performance did
not differ when fed American and Chinese chestnuts. We
also investigated the effects of jasmonic acid (JA) treat-
ment on differential tannin induction in American and
Chinese chestnut leaves and stems. JA treatment in-
creased proanthocyanidins in American chestnut stems
and hydrolysable tannins in both tissue types of American
chestnut, but did not influence tannin concentrations in
Chinese chestnut leaves or stems. HPLC-ESI-MS analysis
of pooled samples suggested that hydrolysable tannins in
each tissue were qualitatively comprised primarily of el-
lagitannins, and JA generally increased the number of
hydrolysable tannins that could be detected by ESI-MS.
Third, we investigated the performance of gypsy moths on
JA treated and untreated American and Chinese chest-
nut. Caterpillar relative growth was not influenced by JA
treatment on Chinese chestnut, but decreased in response
to JA application on American chestnut. Our results in-
dicate that JA-dependent defenses differ between these
chestnut species. This study improves our understanding
of ecologically important differences in tannin induction
and herbivore susceptibility in Castanea, and has impor-

tant implications in efforts for American chestnut resto-
ration and commercial chestnut production.
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Introduction

Activation of induced defenses in plants is often depen-
dent upon induction of jasmonate signaling compounds
such as jasmonic acid (Farmer and Ryan, 1990; Farmer
et al. , 1992). These induced defense responses are acti-
vated by initial pest infestation and involve changes in
plant chemistry, including increased synthesis of second-
ary compounds which render the plant less susceptible to
a broad range of pests (Karban and Baldwin, 1997; Kar-
ban and Kuc, 1999). Jasmonic acid (JA) is induced in plant
tissues following mechanical damage, pathogen infection,
insect herbivory, and other stress factors, and can be ar-
tificially activated by foliar application of synthetic JA
(Blechert et al. , 1995; Creelman and Mullet, 1997;
McCloud and Baldwin, 1997). The majority of studies
investigating JA-dependent defenses have focused on
agricultural crops, and the effects of JA in longer lived
woody plants are less known.

Tannins are antibiotic and antixenotic, and have long
been associated with pathogen and herbivore defense
(Feeny and Bostock, 1968; Swain, 1979; Harborne, 1988).
Two types of terrestrial tannins exist based on structure
and biosynthesis: hydrolysable tannins, consisting of a
polyol carbohydrate center (usually D-glucose) with hy-
droxyl groups esterified with gallic acid (galloylglucoses
and gallotannins) or hexahydroxydiphenic acid (ellagit-
annins), and proanthocyanidins (condensed tannins),
which consist of flavanol chains (Swain, 1979; Hagerman
and Butler, 1991). Within each group, a variety of com-
pounds and isomers exist with varying levels of biological* Correspondence to : Lynne K. Rieske, lrieske@uky.edu
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activity (Zucker, 1983; Asquith and Butler, 1986; Ayres
et al. , 1997; Hagerman and Carlson, 1998; Barbehenn
et al. , 2006b).

We evaluated the effects of JA treatment on pro-
anthocyanidins and hydrolysable tannins in two related
woody plant species, American chestnut (Castanea den-
tata Marshall, Fagales: Fagaceae) and Chinese chestnut
(C. mollissima Blume). Prior to the introduction of the
chestnut blight fungus, Cryphonectria (Endothia) parasi-
tica (Murr) Barr (Diaporthales: Valsaceae), in 1904,
American chestnut was a prevalent co-dominant canopy
species and a valued commodity in rural communities in
the Appalachian Mountains of the eastern United States.
The blight fungus functionally eliminated the tree from
the forest canopy, and American chestnut exists today
primarily as an under-story shrub emanating from pre-
existing root systems (Paillet, 2002). Efforts have been
made to breed blight resistance from Chinese chestnut
into American chestnut, but there has been little em-
phasis on differences in susceptibility to insects (Rieske
et al. , 2003; Kellogg et al. , 2005). In addition to blight
resistance breeding programs, chestnut is also an impor-
tant global nut commodity and planted widely for orna-
mental purposes.

Our objectives were to 1) evaluate differences in
constitutive levels of hydrolysable tannins and proanth-
ocyanidins in leaves and stems of American and Chinese
chestnut seedlings, 2) determine if JA application alters
tannins in Castanea leaves and stems, and evaluate spe-
cies- and tissue- specific differences in tannin induction,
and 3) investigate the effects of JA application on the
performance of a generalist herbivore, the gypsy moth
(Lymantria dispar L, Lepidoptera: Lymantriidae).

Materials and Methods

Plant Material

American and Chinese chestnut seeds (The American Chestnut
Foundation Research Farm, Meadowview, VA) were germinated and
maintained in Premier Pro-Mix (Premier Horticulture Ltd, Riviere-du-
Loup, Quebec) mixed with Osmocote (8-6-12) (Scotts Horticulture,
Marysville, OH) according to the manufacturer�s protocols in 4�20 cm
tree cones under greenhouse conditions (~20–27 8C; 16 : 8 L : D
photoperiod) for seven months prior to use. Seedlings were watered
daily and protected from greenhouse pests by maintaining them in a
mesh cage. Seedlings were size and age synchronized by selecting those
at the seven leaf stage that had germinated within a three day period.

JA Application

JA (Sigma Chemicals, St. Louis, MO) was dissolved in acetone at a
concentration of 1 g/ml and dispersed in water to achieve a 1.5 mM
solution, then applied to chestnut foliage at a rate of ~ 1 ml/leaf using an
atomizer (Thaler et al., 1999; Cooper et al., 2004). Control treatments
consisted of an equal quantity of acetone dispersed in water without JA
(control solution). To measure systemic effects of JA induction on fo-
liage, the 4th leaf from the cotyledon was protected from foliar treat-
ment using a plastic bag, which was removed when all leaves were dry
(Cooper et al., 2004). Care was taken to concentrate foliar treatments

on leaves only, leaving stems untreated. Thus there were four treat-
ments for leaf material (American chestnut JA [AM-JA], American
chestnut control [AM-C], Chinese chestnut JA [CH-JA] and Chinese
chestnut control [CH-C]) and similarly, four for stem material. The
protected leaf and stem material was collected 96 h after treatment
application and flash frozen in liquid nitrogen. Frozen leaves and stems
were crushed separately in the presence of liquid nitrogen using a
mortar and pestle, lyophilized in a VirTis 4 K freeze drier (VirTis
Company, Gardiner, NY) for 3 days, and stored at�80 8C until further
analysis. Additional leaf material was needed for herbivore feeding
assays; therefore JA was applied to the entire tree 96 hr prior to bio-
assays.

Tannin Analyses

Tannin standards were prepared for each treatment combination
(chestnut species�treatment application�tissue) using purified tannins
from the same trees and tissues used in our experiments (Appel et al.,
2001). Phenolics were extracted from ~2 grams of stem tissue and ~ 1
gram of leaf tissue 4 times using 70% acetone. Solvent was evaporated
under reduced pressure and chlorophyll was removed by centrifugation
(Strumeyer and Malin, 1975). Tannins were purified by mixing phen-
olics to 50 g Sephadex LH-20 (Sigma-Aldrich) equilibrated overnight in
1 liter 100% ethanol and eluting non-tannin phenolics with 100%
ethanol (~1 l) and tannins with 70% acetone (~1.5 l) using a large
Buchner funnel and vacuum filtration (Strumeyer and Malin, 1975;
Appel et al., 2001). The ethanol fractions were discarded, and acetone
was removed under reduced pressure. Purified tannins were lyophilized
and stored in a desiccator at �10 8C. Using these methods, ~50 mg
tannin (~2.5% dry weight) was recovered from stem tissues, and
~ 80 mg tannin (~4% dry weight) was recovered from leaf tissues.

Hydrolysable tannins were analyzed in leaf and stem tissues
(N=10 for each treatment combination) using a potassium iodate
assay (Willis and Allen, 1998; Hartzfeld et al., 2002). Each sample was
assayed twice and data are presented as hydrolysable tannins per mg
plant tissue. Proanthocyanidins in leaf (N=12 AM-JA, N=11 AM-C,
N=9 CH-JA, N=10 CH-C) and stem tissues (N=12 AM-JA and AM-
C, N=10 CH-JA and CH-C) were analyzed using an acid butanol test
(Porter et al., 1986; Hagerman and Butler, 1989). Chlorophyll was
extracted from leaf material prior to acid hydrolysis to eliminate in-
terference (Watterson and Butler, 1983). Each sample was assayed
twice and data are presented as average proanthocyanidin per mg dry
plant tissue.

Data were analyzed using a two-way full factorial analysis with
chestnut species (American and Chinese) and foliar treatment (JA and
control) as main effects. When significant differences were detected,
paired t-tests with Bonferroni adjustments for multiple comparisons
were used to compare differences between simple effects. Data were
log transformed to stabilize unequal variances and improve normality.
Statistical analyses were performed using SAS 9.01 (SAS institute,
Cary, NC).

HPLC-ESI-MS analysis

HPLC-ESI-MS analysis was performed on tannin standards to evaluate
the galloylglucose/gallotannin and ellagitannin composition (Salminen
et al., 1999; Soong and Barlow, 2005) at the University of Kentucky�s
Environmental Research Training Laboratory. Ten mg of each tannin
standard was dissolved in 1ml MeOH and filtered through Costar Spin-
X 0.45 mm centrifuge spin filters (Corning Incorporated, Corning, NY).
The HPLC consisted of dual Varian ProStar Model 210 pumps (Varian
Incorporated, Palo Alto, CA). A 7.5�4.6 mm Brava ODS-C18 5 mm
guard column together with a 250 mm�4.6 mm Brava ODS 5 mm col-
umn (Alltech Associates, Inc. Deerfield, IL) were used to separate
tannins. Solvent A consisted of water and 3% formic acid and Solvent B
was acetonitrile and 3% formic acid, with an elution profile of 0–5 min
20% B, 5–20 min 20 –25% B, 25–30 min 25–70% B, 30 –35 min 70% B,
35–36 min 70–20% B, and 36–43 min 20% B. Injection volume was 20
ml and the flow rate was 0.3 ml/min. Negative ESI mode MS (Varian
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1200L Quadrupole MS/MS) scanning from m/z 450–1000 was used to
measure [M�H]� and [M�2H]�2 ions to reveal the molecular masses
of the components. Tandem MS (MS – MS) scanning from m/z 100–
1500 was used to confirm the identity of components as hydrolysable
tannins, which fragment by removing gallic acid (170), galloyl (152), or
ellagic acid (301). Tandem MS was performed using argon as the col-
lision gas. A number of isomers of hydrolysable tannins were detected
as evidenced by multiple chromatographic peaks with identical m/z
values and fragmentation patterns (Salminen et al., 1999).

Herbivore Assay

To assess the effects of JA treatment on a generalist herbivore, we
evaluated the growth and consumption of gypsy moth larvae reared on
American and Chinese chestnut treated with JA or control. The top leaf
from each seedling was excised, weighed, and placed individually in
florists� water picks in 21�7 cm clear rearing boxes. Newly molted
fourth instar gypsy moth larvae (Otis Air Force Base, MA, USA)
(USDA-PPQ permit number 73568) previously reared on wheat-germ
based artificial diet were starved for 24 h, weighed, and added indi-
vidually to each assay box (N=19 AM-JA and AM-C, N=10 CH-JA
and CH-C) (Foss and Rieske, 2004; Kellogg et al., 2005). Assays were
kept in growth chambers (Percival Scientific, Perry, IA) (23 8C; 15 : 9
L : D photoperiod) and monitored at 4 hr intervals during daylight
hours. Leaves were replaced when half the leaf was consumed. Imme-
diately after molting, assays were terminated and the caterpillars were
weighed and frozen. Cadavers and remaining leaf material were oven
dried for 5 days at 60 8C and re-weighed. Relative growth rate
[RGR= [final larval weight (mg)-initial larval weight (mg)]/initial lar-
val weight (mg)/time (days)], relative consumption rate [RCR= leaf
weight consumed (mg)/initial larval weight (mg)/time (days)] (Scriber
and Slansky, 1981), and length of stadium (days) were assessed to de-
termine caterpillar performance. Multivariate analysis of variance
(PROC MANOVA) was used to analyze gypsy moth performance
using relative growth rate (RGR), relative consumption rate (RCR),
and development time as dependent variables, chestnut species and
foliar treatment as independent variables, and initial larval weight as a
covariate. The Wilks lambda test statistic was used to determine sig-
nificance of the multivariate model, followed by a univariate analysis of
each dependent variable. All statistical analyses were performed on
SAS version 9.01.

Results

Foliar tannins

Foliar hydrolysable tannin content differed significantly
between treatment groups (F3,36 =22.58; P<0.001) (Fig-
ure 1A), with significant interactions between main ef-
fects (F1,36 =18.17; P=0.0001). JA treatment on Ameri-
can chestnut significantly increased foliar hydrolysable
tannins (t36 =5.52; P<0.0001), but did not affect Chinese
chestnut foliar tannins. American chestnut control seed-
lings contained significantly less foliar hydrolysable tan-
nins than Chinese chestnut treated with JA or control
(t36 =7.31; P<0.0001 and t36 =6.81; P<0.0001, respec-
tively), but there were no differences in American
chestnut treated with JA and Chinese chestnut treated
with JA or control.

There were no significant differences in foliar pro-
anthocyanidins (F3,39 =0.49; P=0.69) (Figure 1B). There
were no interactions between main effects (F1, 39 =1.25;
P=0.27) and chestnut species and foliar treatment did

not affect foliar proanthocyanidins (F1, 39 =0.16; P=0.70
and F1, 39 =0.02; P=0.89, respectively).

Stem tannins

Stem hydrolysable tannin content differed significantly
between treatment groups (F1,36 =124.05; P<0.001)
(Figure 1C), with significant interactions between main
effects (F1,36 =67.53; P<0.0001). JA treatment increased
stem hydrolysable tannins on American chestnut
(t36 =10.72; P<0.0001) but not on Chinese chestnut.
Stem hydrolysable tannins were greater in American
chestnut treated with control compared to Chinese
chestnut treated with JA (t36 =6.42; P<0.0001) and con-
trol (t36 =5.51; P<0.0001), and were greater in American
chestnut treated with JA compared to Chinese chestnut
treated with JA (t36 =17.14; P<0.0001) and control
(t36 =16.23; P<0.0001).

There were significant differences in stem proantho-
cyanidins between treatment groups (F3, 40 =37.56;
P<0.0001) (Figure 1D), and significant interactions be-
tween main effects (F1,40 =12.22; P=0.001). Foliar JA
treatment on American chestnut significantly increased
stem proanthocyanidins (t40 =7.15; P<0.0001). In con-
trast, JA treatment on Chinese chestnut had only a mar-
ginal effect (t40 =1.69; P=0.10). Proanthocyanidin con-
tent was significantly greater in American chestnut
treated with JA (t40 =9.74; P<0.0001) and American
chestnut treated with control solution (t40 =2.92;
P=0.006) compared to Chinese chestnut treated with
control solution. There was no difference in proantho-
cyanidin content between American chestnut treated
with control solution and Chinese chestnut treated with
JA.

HPLC-ESI-MS

Fourteen basic structures of hydrolysable tannins with 31
isomers were detected in our tannin standards (Table 1).
Lower molecular weight galloylglucoses may have been
lost in the ethanol fractions. Ellagitannins comprised the
majority of the hydrolysable tannin composition with 9
basic structures and 20 isomers, compared to galloylglu-
coses with 5 basic structures and 11 total isomers. Two
unknown compounds were identified with m/z values of
637 and 1251/625 (Table 1). MS – MS analysis of the
compound with m/z 637 created fragments with m/z val-
ues of 169 (gallic acid) and 467 (M�170) indicating it is a
putative gallic acid derivative. MS – MS analysis of the
compound with m/z value 1251 created fragments with
m/z values of 937/468 (Trigalloyl-HHDP-glucopyranose),
783 (bis-HHDP-glucopyranose), 301 (ellagic acid), and
169 (gallic acid) indicating it is a putative ellagitannin.
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Herbivore Assay

Multivariate analysis of variance of gypsy moth perfor-
mance indicated moderately significant interactions be-
tween main effects (F3, 50 =2.42; P=0.07) (Table 2).
There were JA treatment differences in gypsy moth RGR
(F4, 52 =9.74; P=0.02), and a significant interaction be-
tween main effects (Table 2). RGR was lower on Amer-
ican chestnut treated with JA compared to American
chestnut treated with control solution (t52 =4.00;
P<0.001). In contrast, JA treatment did not affect gypsy
moth RGR on Chinese chestnut. RGR was significantly
lower on JA-treated American chestnut than on either
Chinese chestnut treatment (JA: t52 =3.98; P<0.001and
control: t52 =4.17; P<0.001, respectively). There were no
differences between JA-treated American chestnut and
Chinese chestnut treated with JA or control. There were

no significant differences in gypsy moth RCR or devel-
opment time (Table 2).

Discussion

We investigated constitutive and JA induced tannins in
the leaves and stems of American and Chinese chestnut
seedlings, and related tannin levels to the performance of
a generalist herbivore, the gypsy moth. We found both
species- and tissue- specific differences in constitutive
tannins and in tannin and gypsy moth responses to JA
application.

In our study, JA increased foliar hydrolysable tannins
in American chestnut foliage, but not in Chinese chestnut
foliage. Similarly, gypsy moth growth was lower for cat-
erpillars that were fed JA-treated American chestnut

Fig. 1. Tannin estimates isolated from American and Chinese chestnut foliage and stems treated with jasmonic acid (black) or control solutions
(grey).
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leaves compared to control, but JA treatment did not
affect Chinese chestnut suitability for gypsy moth growth.
HPLC-ESI-MS revealed that the hydrolysable tannin
fractions separated from our tree extracts were qualita-
tively comprised primarily of ellagitannins, which is con-
sistent with a previous study (Viriot et al. , 1994), and
more ellagitannin compounds were detected in American
chestnut foliage treated with JA than any other tissue.
However, these results should be interpreted cautiously
because lower molecular weight galloylglucoses may
have been lost in the ethanol fractions. In contrast to
hydrolysable tannins, foliar proanthocyanidins were not
affected by JA treatment in either chestnut species. This
suggests that hydrolysable tannins, particularly ellagit-
annins, are an important component of JA-dependent
defenses in the leaves of American chestnut. Related
studies have shown that ellagitannins and other hydro-
lysable tannins have greater oxidative activities than

proanthocyanidins at pH levels typical of caterpillar guts
(Barbehenn et al. , 2006a). Furthermore, high levels of
proanthocyanidins inhibit the oxidative activities of hy-
drolysable tannins (Barbehenn et al. , 2006b). Our find-
ings are consistent with these studies.

Foliar JA application systemically increased both hy-
drolysable tannins and proanthocyanidins in the stems of
American chestnut, but did not influence tannin con-
centrations in the stems of Chinese chestnut. HPLC an-
alyses of hydrolysable tannins suggest a shift from lower
to higher molecular weight galloylglucoses in the stems of
American chestnut treated with JA. A similar pattern
emerged for ellagitannins in the stems of JA-treated
Chinese chestnut. Early studies on bark/stem tannins in
chestnut suggest that differences in the amounts or types
of tannins in different chestnut species may contribute to
species-specific differences in blight resistance (Niens-
taedt, 1953; Farias et al. , 1992). The blight fungus pro-

Table 1. Hydrolysable tannin isomers detected from tannin standards using HPLC-ESI-MS.

Compound m/z
values

Total
isomers

Am-C
leaves

Am-JA
leaves

Ch-C
leaves

Ch-JA
leaves

Am-C
stem

Am-JA
stem

Ch-C
stem

Ch-JA
stem

Gallotannins
Digalloyl-glucose 483/967 2 – – 2 2 2 – – 1
Unknown gallic acid
derivative

637 3 2 2 – – 3 2 3 3

Tetragalloylglucose 787 2 – – – – 2 2 – –
Pentagalloylglucose 939/469 3 – – – – – 3 – –
Hexagalloylglucose 1091/545 1 – – – – – 1 – –
Total galloylglucoses 11 2 2 2 2 7 8 3 4

Ellagitannins
Galloyl-HHDP-glucose 633 2 2 2 – 1 2 2 2 2
bis-HHDP-glucose 783 1 1 1 1 1 1 1 1 1
Digalloyl-HHDP-glucose 785 1 1 1 – 1 – – – –
Vescalagin/castalagin 933/466 2 2 2 – – 2 2 2 2
Galloyl-bis-HHDP-
glucose

935/467 4 3 4 2 3 – – – 2

Trigalloyl-HHDP-glucose 937/468 3 3 3 2 – 3 2 3 3
Punicalagin 1083/541 3 – 2 – – – – – 3
Tetragalloyl-HHDP-
glucose

1089/544 2 – 1 – 2 2 – – 2

Unkown ellagitannin 1251/625 2 2 2 – – – – – –
Total ellagitannins 20 14 18 5 8 10 7 8 15

Table 2. Performance of fourth instar gypsy moth larvae on Chinese and American chestnut seedlings treated with a foliar application of jasmonic
acid or control solution.

Chestnut Treatment RGR (mg/d)a RCR (mg/d)b Stadium (d)

American Jasmonic acid 0.08�0.01b 3.59�0.51a 9.77�0.36a
Control 0.13�0.01a 2.99�0.10a 10.13�0.32a

Chinese Jasmonic acid 0.15�0.02a 2.80�0.19a 9.78�0.47a
Control 0.13�0.01a 2.92�0.15a 9.6�0.36a

Spp.c F1,52 =12.01; P<0.01 F1,52 =1.15; P=0.29 F1,52 =0.8; P=0.37
Trtd F1,52 =5.17; P= 0.03 F1,52 =0.10; P=0.75 F1,52 =0.14; P=0.72
Spp x trt F1,52 =5.89; P=0.02 F1,52 =1.30; P=0.26 F1,52 =0.85; P=0.36

a Relative growth rate= [final larval weight (mg)-initial larval weight (mg)]/initial larval weight (mg)/time (days)
b Relative consumption rate= leaf weight consumed (mg)/initial larval weight (mg)/time (days)
c Spp. = species main effect (American vs. Chinese chestnut seedlings).
d Trt.= treatment main effect (jasmonic acid vs. control solutions).
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duces tannases that hydrolyze the ester bonds of some
tannins, which may then be used by the fungus as a nu-
tritive carbon source (Cook and Wilson, 1915; Elkins
et al. , 1979; Farias et al. , 1992). Although tannin con-
centrations are positively correlated with blight fungal
growth, tannins extracted from American and Chinese
chestnut did not exhibit differential antifungal activities,
arguing against the role of tannins in blight resistance
(Anagnostakis, 1992). American chestnut tannins also
had a stronger inhibitory effect on polygalacturase puri-
fied from C. parasitica, a compound thought to be in-
volved in fungal virulence, but this inhibitory effect did
not occur in vivo, possibly due to greater fungal tannase
activity on American chestnut tannins (Nienstaedt, 1953;
Gao and Shain, 1995). Regardless of the role (or lack
thereof) of tannins in blight resistance, these studies
suggest that the blight fungus does interact with chestnut
tannins. Our study demonstrates that JA induction could
alter these interactions, and may warrant further inves-
tigation.

We also investigated potential differences in constit-
utive tannins in the leaves and stems of American and
Chinese chestnut seedlings. Sixteen hydrolysable tannin
molecules were detected from our tannin fractions iso-
lated from American chestnut control leaves compared to
nine tannin molecules from Chinese chestnut control
leaves. However, Chinese chestnut contained greater
constitutive (control) foliar hydrolysable tannin concen-
trations than American chestnut, but the potassium io-
date assay measures galloyl groups, thus ellagitannins,
which are more diverse in American chestnut, may be
underestimated. We did not detect differences in cater-
pillar growth between control chestnuts, similar to pre-
vious studies (Kellogg et al. , 2005), and this may repre-
sent different tannin defense strategies, i.e. , greater con-
centration versus greater diversity, but the presence of
secondary compounds other than tannins in American
chestnut can�t be ruled out. American chestnut stems
contained more proanthocyanidins and hydrolysable
tannins than Chinese chestnut stems. Our study highlights
the differences in constitutive and induced tannins in
American versus Chinese chestnuts. Hybridization be-
tween Chinese and American chestnuts is the basis for
blight resistance breeding (Hebard, 1994), but there has
been little emphasis in changes in resistance or suscepti-
bility to arthropod herbivores. Previous studies have
shown that hybridization can alter pathogen and herbi-
vore defenses (Hebard, 1994; Rieske et al. , 2003; Kellogg
et al. , 2005), and our results are consistent with these
studies.

Our study provides insight into species- and tissue-
specific differences in inducible and constitutive tannins
in two related chestnut species, which are likely a result of
differing evolutionary and phylogenetic histories. Our
results may have important implications in American
chestnut blight-resistance breeding programs and for
commercial chestnut production. Currently, several or-
ganizations are involved in programs to breed blight re-

sistance from Chinese chestnut into American chestnut
(Hebard, 1994; Anagnostakis, 1999). Our results imply
that hybridizing American and Chinese chestnut could
alter tannin composition or concentration of the resulting
progeny, with unknown consequences (positive or nega-
tive). Potentially, hybrids may have improved constitutive
defenses as the result of decreased inducible defenses, or
vice versa. Chestnut is a globally significant commercial
commodity, and our work could potentially lead to en-
hancement of resistance to a number of pests in com-
mercial chestnut orchards.
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