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EFFECTS OF ASH FLOWER INDUCED BY ERIOPHYES
FRAXINIFLORA ON TREE VITALITY
by Robert P. Wawrzynski1 and Mark E. Ascerno

Abstract. The effect of ash flower gall (AFG) on green ash
(Fraxinus pennsylvanica) vitality was assessed using root
starch, diameter at breast height (dbh) and shigometry techni-
ques. A chi-square analysis for root starch content versus gall
density, indicated that root starch storage is independent of
tree gall numbers. Percent change in dbh for the growing
season was not affected by gall density (P=.261). In addition,
percent change in electrical resistance and average electrical
resistance over the growing season, were found to be in-
dependent of tree gall density (P=.O54, P=.8O7, respective-
ly) in multiple regression analyses. Assuming the methods us-
ed are reliable vitality indicators, AFG has no significant affect
on these parameters of tree health. These results can be used
in public education programs to better inform persons about
AFG which may reduce the demand for control measures for
this problem.

Resume. L'etfet du phytopte a fleur du frene (AFG) sur
la vigueur du frene rouge (Franinus pennsylvanica) a ete
etabli par I'emploi des techniques de I'amidon racinaire, du
diametre a hauteur de poitraine (D.H.P.) et du shigometere.
Une analyse de khi-carre pour le contenu en amidon
racinaire par rapport k la densite de galles indiquait que
I'emmagasinage d'amidon racinaire est indetendant du
nombre de galles par arbre. Le pourcentage de variation
dans le D.H.P. pour la saison de croissance n'etait pas
affecte par la density de galles (p=0.261). De plus, le
pourcentage de variation dans la resistance electrique et la
moyenne de la resistance electrique apres la saison de
croissance s'etaient averes etre independant de la densite
de galles (respectivement p=0.054 et p=0.087) lors
d'analyses de regression multiple. Assumant que les
methodes employees sont des indicateurs surs de la
vigueur, le photopte a fleur du frene (AFG) n'a aucun effet
significatif sur ces parametres de la sante de I'arbre. Ces
resultats peuvent etre utilises dans les programmes
d'education du public afin de mieux informer les gens sur le
photopte a AFG ce qui peut reduire la demande pour des
mesures de controle envers ce probleme.

Ash flower gall (AFG) is a common abnormality
occurring on various ash (Fraxinus) species
throughout the northern hemisphere (8). Exten-
sive planting in the urban landscape has made
green ash (F. pennsylvanica) the predominant
species with this problem. The gall is caused by
the eriophyid mite Eriophyes fraxiniflora, which
feeds on the staminate (male) flowers each spring
(6, 15), causing distorted, lobulate galls to form
(15). Galls can remain on trees for two or more

years.
Whether AFG affects tree vitality or is only an

aesthetic problem remains unclear. Various
authors (4, 5, 24) have suggested that AFG has
no effect on tree vitality, although no scientific
evidence is presented. Roivaine (13) did,
however, report large numbers of F. excelsior to
be dying from mite-destroyed inflorescences in
Europe. In addition, galls on various other plant
species have been shown to adversely affect
plant health (1, 7). Debate among arborists, city
foresters and researchers on the AFG-tree vitality
relationship has contributed to the confusion.

The purpose of this study was to determine if
AFG affects tree vitality as measured in three dif-
ferent ways. Various indicators are available to
assess growth and vitality (10, 19, 21). Three in-
dicators used in this study were root starch (18);
diameter at breast height (2) and shigometry (14,
21). Information on AFG's effect on tree vitality
can be used to determine the need for control
measures to manage AFG.

Materials and Methods
Experimental Design. Sixty-three green ash (F.

pennsylvanica) trees of similar size (6.1-7.6 m)
and age (10-15 yr) were divided into nine
replicates of seven trees each. Replicates had
varying locations throughout St. Paul, Minnesota.
However, one tree died during the course of the
experiment, leaving 62 trees for analysis.
Chemicals were applied in the spring of 1988 to
six of the seven trees in each replicate for insec-
ticide efficacy tests (25). Although the materials
applied (Kelthane, Mavrik, Sevin, Soap,
Sevin/Soap mix) were not found to be statistically
significantly different in efficacy, a wide range of
gall densities was created. The various levels of
galls contained on each tree, then allowed for an
accurate assessment of tree vitality.

Ash Flower Gall Sampling. Gall density
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estimates for each tree were obtained on 1 and 8
July 1988. The crown of each tree was visually
divided into thirds (top, middle, bottom). Three
branches were randomly chosen from each crown
level. The terminal two-feet (61 cm) of each
branch comprised the sample unit from which all
current season's galls were counted and record-
ed. Nine terminals were selected per tree. Gall
density estimates varied from 0-853 galls per
tree. Previous season's (1987) galls were brown-
black in color and easily distinguished from the
current year's (1988) green galls.

Vigor Estimation Techniques. Root samples
were collected and rated for starch content using
a method that qualitatively determines root starch
levels (19). Single, 2.54 cm square (approximate-
ly) root samples were collected from each of the
62 trees on 27 and 29 October 1987 (pre-
growing season), one week after leaf abscission.
Samples were taken from the same trees one year
later on 21 October 1988 (post-growing season),
using the same procedure.

Root samples were rated for high, medium or
low starch content (19). Root starch was
categorized as either increasing, decreasing or re-
maining the same during the 1988 growing
season by comparing the fall 1987 and fall 1988
root sample ratings for each tree. In order to test
for independence of root starch content and gall
density using a Chi-square analysis, trees needed
to be placed into gall density categories.
Therefore, each tree was assigned to either of
two arbitrarily created gall density categories,
0-25 and > 25 galls per tree. The root starch
rating determined for each tree and the two gall
density categories were then analyzed using a 2
X 3 chi-square test for independence.

Pre and post-growing season measurements of
tree diameter at breast height (dbh) were taken on
10 March 1988 and 15 October 1 988, respec-
tively. These measures were used to calculate
percent change in dbh for the 1988 growing
season. All measures were taken at 1.4 m above
the trunk base. Percent change in dbh was used
in a multiple regression analysis to assess the af-
fects of various gall densities on tree growth.

Electrical resistance (ER) measurements were
taken using a Shigometer model 7950, on 10
dates between 16 May and 13 September 1 988.

A cambial probe, consisting of two non-insulated
steel electrodes (1.5 cm apart; 5.4 cm long), was
inserted into the tree cambial zone at 1.4 m above
the trunk base. Electrical resistance was
measured from the four cardinal points, then
averaged to obtain a single electrical resistance
estimate for each tree.

A multiple regression analysis was used for the
percent change in electrical resistance over the
growing season as it related to tree gall density.
The percent change was calculated using the first
(16 May 1988) and last (13 September 1988)
electrical resistance readings for each tree. A sim-
ple linear regression model was fit for mean elec-
trical resistance and gall density. Mean electrical
resistance was computed by averaging the 10
electrical resistance readings taken throughout
the growing season for each tree.

Results
Chi-square analysis indicated that root starch

content and tree gall density were independent
(Table 1). Amount of starch stored during the
growing season was independent of tree gall den-
sity.

The multiple regression analysis for percent
change in dbh used total tree gall numbers, initial
dbh and their interaction as predictor variables.
Analysis indicated that gall density was not signifi-
cant (P=.261), and that only initial dbh (P<
.000) was useful in predicting percent change in
dbh. A graph of the pecent change in dbh versus
gall density is given (Figure 1) to indicate the in-
dependence between the two variable (R2).
These data indicate that tree growth during the
season (as measured by % change in dbh) was in-
dependent of tree gall density.

The regression model for percent change in
electrical resistance used total gall numbers, initial
electrical resistance and their interaction as in-
dicator variables. Although the regression sug-

Table 1. Chi-square table for root starch ratings versus ash
flower gall density categories.
Gall Density Seasonal Change in Root Starch
Per Tree Increase No Change Decrease Total

0-25

>25

9

14

19 34
28

Total 23 28 11 62
X2 = 4.20; X2 critical value (F = .05, 2 d.f.) = 5.99.
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gested that percent change in electrical
resistance and all density were related (P=.O24),
a graph of this relation (Figure 2) indicated that lit-
tle correlation existed between percent change in
electrical resistance and gall density (f?2=.O82).

A simple regression analysis using mean elec-
trical resistance for the growing season versus
total gall density indicated that gall numbers had
no predictive power (P=.8O7; ft2=.001) in
estimating mean electrical resistance (Figure 3).
Thus, shigometer analyses indicated that tree
vitality as measured by cambial electrical
resistance was independent of tree gall density.

Discussion
While it is likely that AFG does in some way af-

fect the tree, this effect was not severe enough to
reduce vitality, as assessed by the methods used.
Mani (11) indicated that plants "suffer loss of
substance and have increases in non-essential
parts at the cost of essential parts" due to galls. In
addition, Anderson and Mizell (1) noted that galls
produced by Phylloxera notabilius Pergande on
pecan (Carya illinoensis) foliage interfered with
nutrient status and photosynthetic capacity. Thus,
galls are capable of affecting plant vitality.

Root starch (17, 19, 20, 22) dbh (9) and
shigometry (3, 23) have all been used to reveal
the adverse effects of defoliation on tree vitality
resulting from carbohydrate loss. Galls may have a
similar effect in that they can "steal" vital nutrients
as Mani (11) suggested causing a carbohydrate
loss. Substantial reduction in carbohydrate should
be detectable by the methods used in this study.

Because we believe these methods are reliable,
we conclude that AFG did not have an adverse af-
fect on tree vitality in 1988. However, there are
some factors that must be considered in making
this conclusion.

A severe drought was experienced in Min-
nesota in 1988. Stress brought on by drought,
may either increase the severity of a certain pro-
blem or mask a potential problem because of the
trees reduced vitality. Also, this study was con-
ducted during only one growing season. An ac-
cumulated effect on trees over several years
wouldn't be reflected in a single-season measure-
ment. Thus, a small effect on vitality in one season
may not be important, but that effect magnified
over several growing seasons could adversely af-
fect tree condition. Periodic growth rate (PGR), a
method to compare current and past growth (10),
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Fig. 2. Relationship between the percent change in ER as it
relates to ash flower gall density.
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Fig. 1. Relationship between % change in dbh over the
growing season and ash flower gall density.

Fig. 3. Relationship between average ER for the growing
season and ash flower gall density.
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may be of value to study the long term effects of
AFG.

Finally, the methods used to assess vitality are
not without problems. Root starch was a
qualitative measure and thus not as sensitive as a
quantitative analysis would be. The use of the
shigometer as a tool to assess vitality is relatively
new (16), and there is skeptism as to its predic-
tive power (12). Newbanks indicated that little
correlation existed between electrical resistance
and vitality in sugar maple (Acer saacharum). In
addition, Wargo and Skutt (23) indicated that the
shigometer is affected by tree species, diameter,
crown classification and condition.

This study used trees with wide ranges of gall
density and the authors selected trees to counter
problems associated with the methodology (i.e.
Shigometry). Thus, we feel this permitted an ac-
curate assessment of AFG's effect on vitality. It is
concluded that tree vitality was not adversely af-
fected by gall density in 1988. If this conclusion
can be verified over several seasons, the informa-
tion may be useful to persons involved in the
management of AFG. Educating the public that
AFG doesn't affect tree health, may reduce re-
quests for its control.
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