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Figure 3: Various fungal fruiting structures are occasionally mistaken for galls, particularly the shelf-like growths sprouting out of trees that are produced by bracket fungi. This Dryad
saddle bracket fungus produced by Polyporus squamosus and being examined by Jim Chatfield, with Ohio State University Extension, is NOT a gall. All images courtesy of the author.

By Joe Boggs

P

chives, were penned on parchment using
iron-gall ink.
Cecidology is the study of galls and the
process of gall formation. It is derived
from the Greek kekis, meaning “gall nut”
and translates to “the study of gall nuts.”
The official publication of the British
Plant Gall Society is called “Cecidology.”
While cecidology is a very old science, it
is primarily recognized as an active branch

lant galls are remarkable plant
structures that have been observed, studied and utilized since
ancient antiquity. The Greek naturalist Theophrastus (372-286 B.C.) wrote
about “gall-nuts” of Syria. The Roman
naturalist Pliny the Elder (23-79 A.D.)
wrote about medical uses of gall extracts.
Gall ink, which is a mixture of iron
and gallic acid (3,4,5-trihydroxybenzoic acid) extracted from oak galls,
was used for centuries for art, literary
works and official documents.
The Dead Sea Scrolls were written in
iron-gall ink. Leonardo da Vinci wrote
his notes with it, J.S. Bach composed
with it, Rembrandt and Van Gogh drew
with it and the Magna Carta was penned
with gall ink. Indeed, much of our history was literally written in gall ink.
The U.S. Declaration of Independence,
the Constitution, and the Bill of Rights;
collectively referred to as the “Charters Figure 1: Gall-like growths on honeylocust caused by exposure to the
of Freedom” by the U.S. National Ar- herbicide Imprelis.
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of science by European rather than North
American academia.
With such a rich history and a dedicated branch of science, it could be assumed
that plant galls are well understood. In
fact, despite plant galls being one of the
most obvious and unusual of plant structures, there remains much that we do not
know. The identification of the gall-makers behind many of our most noteworthy
plant galls remain a mystery. Indeed,
scientists continue to debate exactly
how galls are formed; so far, no scientist
has ever grown a plant gall without help
from a natural gall-maker. Galls are a
common subject of questions from tree
care clients. The goal of this article is
to provide an overview of some of the
things that we do know about galls.
Is it a gall or something else?
The name “gall” may conjure up a
range of images, some accurate, some
inaccurate. True plant galls are produced under the direction of a living
gall-maker. However, abnormal gall-

Figure 2: Fungal canker on redbud produced by Botryosphaeria dothidea.

like growths can also occur on trees that
are caused by something else. These are
not true plant galls. The growths may be
stimulated by exposure to chemicals such
as herbicides or even misdirected plant
hormones circulating within the tree. If no
organism is found to be directing the formation of an abnormal gall-like structure,
other causes must be considered such as a
physiological problem or exposure to an
herbicide. (Figure 1)
Fungal cankers on trees are sometimes
mistaken for galls and vice versa. The big
difference between fungal cankers and
galls is that cankers involve the death of
plant tissue through the fungal infection;
galls involve the growth of plant tissue.
The development of callus tissue to close
wounds created by cankering fungi adds to
the confusion. (Figure 2)
Various fungal fruiting structures are
occasionally mistaken for galls, particularly the shelf-like growths sprouting out
of trees that are produced by bracket fungi.
These structures are the macroscopic evidence of the microscopic wood-decay fungi digesting the tree from within. Their activity may be dramatically disclosed when
trees fall; galls do not cause such damage.
The brackets are solely composed of fungal tissue with the purpose of producing
fungal spores, thus the name “fruiting
structures.” (Figure 3, facing page)
A parade of plant galls
There are many organisms that can induce gall formation, including microorganisms such as viruses, bacteria, fungi,
nematodes and eriophyid mites; as well
as macroorganisms such as insects. Exactly how the galls grow depends on the
gall-maker.

Bacterial crown gall
Plant galls are sometimes incorrectly referred to as “plant tumors;” this is inaccurate because they are most often highly organized structures. However, crown galls
produced under the direction of the bacterium, Agrobacterium tumefaciens, lack an
organized structure and are composed of
a chaotic agglomeration of dividing cells,
making them much like tumors. The bacterium transfers genetic material in the form
of T-DNA into plant cells and the T-DNA
is then integrated into the plant chromosomes. The new DNA induces a frenzied
proliferation of infected plant cells, with
each cell becoming a “bacterial factory”
cranking out more bacterial bodies. The
development and disorganized structure
of crown galls may indeed support calling
them plant tumors. (Figure 4)

Figure 4: Bacterial crown gall on Euonymus.

Fungal galls
Various fungal galls represent another
type of gall-growth. The cedar-apple rust
fungus, Gymnosporangium juniperi-virginianae, is so named because one of its
hosts is eastern red cedar (Juniperus virginiana), which is a type of juniper; the
fungus does not infect cedar. It also infects apple (Malus spp.). In fact, the fungus cannot complete its development on
either juniper or apple; it must alternate
between the two hosts to complete its lifecycle. Galls are only produced on juniper;
rusty-orange lesions are produced on the
leaves and fruit of apple.
The brain-like galls produced on juniper
are more organized compared to crown
gall and are comprised of a combination
of plant tissue, mainly parenchyma, and
fungal hyphae. The fungal partnership is
TREE CARE INDUSTRY – APRIL 2016
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another. (Figures 5 & 6)

Figure 5: Cedar-apple rust fungal gall with telial horns
on juniper.

dramatically revealed in the spring during
wet weather when bright orange, gelatinous, tentacle-like “telial horns” are extruded from the galls. The horns are comprised of fungal teliospores which give
rise to basidiospores that are ejected into
the air to drift onto apple where they germinate, marking the beginning of the other
half of the fungal life-cycle. Although the
infectious spores can be blown a considerable distance, infections on both hosts are
certainly enhanced by in-plantings, where
the two hosts are in close proximity to one

Insect and mite galls
Insect and mite (arthropods) galls represent yet another type of gall-growth.
Unlike bacterial crown galls, which are a
mass of plant cells that have been modified
by bacterial DNA, or fungal galls, which
are an assemblage of fungal cells intertwined with plant cells, galls produced by
insects and mites are constructed entirely
of plant cells.
The dominant arthropod gall-makers include members of three insect orders: Hymenoptera (wasps, sawflies); Hemiptera
(aphids/adelgids, phylloxerans, psyllids);
and Diptera (midge flies). The only mites
capable of inducing galls are eriophyids
(order Trombidiformes, family Eriophyidae). There are more than 2,000 species
of insect gall-makers in the U.S.; however,
three quarters belong to only two families:
Cynipidae (“gall wasps”) and Cecidomyiidae (“gall midges”). Note the “cecido-“
in the name of the gall midge family. Of
the more than 800 different gall-makers

Figure 6: Cedar-apple rust fungal gall structure.

on oaks, more than 700 are gall wasps. In
other words, when trying to identify an insect gall, there is a high probability it was
produced by a gall wasp or gall midge, and
if the gall is found on an oak, it was most
likely produced by a wasp.
Although insect and mite gall formation is not entirely understood, researchers
theorize there are two possible pathways.
Some gall researchers believe certain
types of plant-gall growth are directed by
the feeding activity of the gall-maker. The
galls are produced by a combination of

Circle 42 on RS Card or visit www.tcia.org/Publications

28

TREE CARE INDUSTRY – APRIL 2016

Figure 7: Erineum patch galls on birch.

constant but subtle feeding irritation
perhaps coupled with the release of
chemical inducers by the gall-maker.
Certain eriophyid mites provide
an example. These unusual mites are
much smaller than spider mites (you
need at least 40x magnification to see
them); however, both types of mites
use their sharp, piercing mouthparts
(chelicerae) to rupture plant cells so
they can feed on the contents. Howev-

Circle 46 on RS Card or visit www.tcia.org/Publications

30

TREE CARE INDUSTRY – APRIL 2016

Figure 8: Erineum patch galls on sugar maple.

er, only the feeding activity of some eriophyid mites induces gall growth. This gallgrowth pathway may explain how simple,
felt-like erineum patches (a.k.a. “erineum
galls”) develop under the direction of certain eriophyid mites. It does not explain
how highly organized plant gall structures
develop. (Figures 7 & 8)
Some types of insect and mite galls are
comprised of complex plant structures and
may include functional plant organs such
as nectaries. These types of plant galls require a different gall-growth theory; one
that includes the ability of the gall-maker
to turn plant genes on and off as they direct plant cells to form highly organized
plant structures.
Research has revealed that gall-making
insects and mites that direct the growth
of highly organized gall tissue produce
chemical replicas of plant hormones (only
plants can actually produce “plant hormones”), or the molecules may be nothing
like plant hormones, but the plant’s response is the same as with plant hormones;
these are called “hormone analogs.” With
insect gall-makers that rely heavily on
chemicals, the gall-forming process is
usually initiated by the female when she
injects gall-inducing chemicals into the
plant along with her eggs. The eggs themselves may ooze gall-inducing chemicals,
and once the eggs hatch, the interaction
continues with the immature gall-makers
continuing to exude chemicals to direct
plant growth to suit their needs.
The resulting galls provide both a protective home and nourishment for the next
generation of gall-maker. The continual
direction of gall growth by the gall-maker using chemicals to turn plant genes on
and off speaks to why some find insect and
mite plant galls so fascinating.
The chemicals exuded by gall-makers

Figure 9: Oak bullet stem gall growing from stem
cambium.

can only act upon meristematic plant cells
such as cambial cells in stems or the meristematic cells in leaf buds; the precursors
to leaf cells. Under the influence of chemicals exuded by a gall-maker, the meristematic cells that were originally destined
to become leaf cells begin marching to a
different drummer. Once the errant leaf
cells fall under the chemical spell of a
gall-maker, there is no turning back; they
will become gall tissue. This means that
gall formation cannot occur once meristematic leaf bud cells are committed to be-
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coming leaf tissue; it is one reason
the leaf-gall season begins in the
spring! However, once the galls start
growing they will continue to grow
even after the leaves fully expand.
Stem galls that arise from cambial
tissue present a different scenario.
Since cambial cells remain “free
agents” throughout the growing
season, galls can be formed from
these cells any time during the
growing season, although most
stem galls also start growing ear- Figure 11: Small oak apple gall infected with the oak anthracnose
ly in the season to provide ample fungus.
time for the gall-maker to complete its
sect and mite plant galls are indeed plant
development. (Figure 9)
structures. The oak anthracnose fungus,
Apiognomonia quercina, normally inInsect and mite gall laws
fects the leaf cells of its namesake host,
While the highly organized plant galls
producing blackened, necrotic leaf tissue.
produced under the direction of many inThe fungus can also infect the plant tissue
sect and mite gall-makers represent a wide
of the small oak apple gall produced unrange of forms and locations, there are cerder the direction of the gall wasp, Cynips
tain consistencies that can be summarized
clivorum, because the gall is constructed
as “Gall Laws.”
from hijacked leaf cells. The resulting tissue necrosis makes the gall appear to
slowly dissolve away. (Figure 11)
The Third Gall Law: Galls can only
be formed from meristematic plant tissue, and once plant tissue stops differentiating, galls cannot be formed by a
gall-maker. This explains the seasonality of leaf and bud galls as well as the
ability for stem galls arising from cambial tissue anytime during the growing
season.
The Fourth Gall Law: Gall structures and locations on the plant are so
species-specific that the species of the
Figure 10: Burl on walnut – not a true gall.
gall-maker can be identified by the gall
structure alone, without the need to see
The First Gall Law: Galls are abnorthe gall-maker itself. Although galls may
mal plant growths produced under the
change color and texture as gall-makers
direction of a living gall-maker; they do
not arise spontaneously nor are they in response to plant wounding that does not involve a gall-maker. This law removes certain tree growth such as “burls” from the
gall arena. It is believed these abnormal
plant growths are the result of run-away
plant hormone production; they are not
considered “true galls.” [Figure 10
The Second Gall Law: Insect and mite
galls are abnormal plant structures comprised entirely of plant tissue; they’re not
part of the gall-maker. Infections by funFigure 12: Larger oak apple gall.
gal plant pathogens can illustrate that inTREE CARE INDUSTRY – APRIL 2016

Figure 13: Larger oak apple gall opened to show gall wasp
larva.

develop, and are said to be “mature” once
the gall-maker completes its development, the changes are predictable. There
are more than 20 different types of “oak
apple” galls, so named because of their resemblance to varying sized apples.
However, only one gall wasp species,
Amphibolips quercusinanis (syn. A. inanis), produces the so-called larger empty
oak-apple gall. The 1 to 11/2 inch diam-

eter galls arise from leaf buds. The galls
hold a single wasp larva, and as the larva
develops, the galls bear a striking resemblance to green apples with the apple-ruse
made complete by reddish speckles that
resemble insect damage to the “apples.”
The galls are filled with soft fiber radiating spoke-like from a center kernel that
houses the resident wasp larva. Once the
larva pupates, the galls turn tannish-brown
and the fiber degrades, causing the galls
to appear empty, thus the common name.
(Figures 12: 13 & 14)
The Fifth Gall Law: Gall-makers are
specific to certain hosts. Their activity may
be confined to a plant species, or certain
varieties, cultivars, or provenances within
a species. It is common to find the gnarled,
woody horned oak galls produced by the
cynipid wasp, Callirhytis cornigera, affecting only a few trees in a whole row
of seemingly related pin oaks (Quercus
palustris). This observation speaks to the
impact of only slight genetic differences

Figure 14: Mature large empty oak apple gall after the
wasp has emerged.

in the gall-maker’s host. Galling activity
may also be confined to a group of related species within a genus. It is uncommon
for gall-makers on white oaks to also reside on red oaks. What this means for gall
management is that making slight changes
in tree selection may eliminate a recurring
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Figure 15: Horned oak
galls on pin oak.

gall problem in a landscape. (Figure 15)
Sixth Gall Law: Insect and mite galls
may house other occupants that have
nothing to do with gall formation; however, these interlopers still rely on the gall
for both their lodging and food. Biologists
call these gall-guests “inquilines,” a term
derived from the Latin inquilinus, which
means “tenant” or “lodger.” Inquilines are
divided into cecidophages, arthropods that
feed on the gall tissue while the gall-maker
is developing, and successori, arthropods
that feed on the galls after the gall-maker
moves out. Studies have shown that more
than 20 different arthropods may whol-

ly or partially depend upon the gnarled,
woody, horned oak gall produced by the
cynipid wasp, Callirhytis cornigera, for
their livelihood.
Arthropods may also colonize fungal
galls such as the aforementioned cedarapple rust galls, which may introduce
some confusion as to the identity of the
true gall-maker! Indeed, with the wide
array of possible inquilines in some galls
coupled with the predators and parasitoids
that feed on the gall-maker as well as the
inquilines, biologists often describe galls
a mini-ecosystems; it’s a jungle in there!
(Figures 16, 17 & 18)
End of Part I.
Next month: Plant Galls Unveiled – Part
II: Insect and Mite Gall Identification and
Management.

Figure 16: Cedar-apple rust gall with a weevil larva.

Figure 17: Horned oak gall with an oak gall borer (Synanthedon decipiens) pupa.
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Figure 18: Unknown weevil feeding on spent horned oak
gall.

