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THE OAK DECLINE COMPLEX
by W.D. Thomas, Jr. & Christopher A. Boza

Live oak decline has captured much attention in
Texas in recent years. Even more recently the
syndrome has become more captivating due to ef-
forts to relate it to oak wilt. During this same
period it has been observed in other parts of the
United States, primarily in California, Florida, and
Illinois. There has been concern expressed by
oak enthusiasts that the disease may compete
with Dutch elm disease for top honors among tree
killers.

The first occurrence of oak decline in the United
States was reported from Pennsylvania by Ingram
(12). This was followed over a decade later in
New York, Connecticut, and New Jersey (1 ,7 ,
37, 38). The first expression of concern came
from Texas (26, 27). Later concern came from
Virginia (2) and more observations from Texas (5,
8, 9, 21). By 1960 oak decline was becoming a
national problem, not limited to regional en-
vironments or species classes.

Nutrient deficiencies have been considered to
be predisposing factors (17, 18). Oates has
presented evidence that fertilization aids recovery
of oaks from decline, van Arsdel (33) tried to
create some order out of the symptomology
chaos by using diagnosis of nutrient deficiencies
through leaf symptoms as a diagnostic method for
determining oak decline. Some of the best
descriptions of oak decline symptoms have been
given by Dunlap and Harrison (5), Feder et al (6),
Lewis and Oliveria (17) and van Arsdel (33).

This disease seems to be most prevalent and
severe under drought conditions or shortly
thereafter. Many investigators through the years
(10, 12, 17, 19, 20, 25, 27, 35, 38) have
observed a close relation between oak decline
and low moisture availability. Lewis and Oliveria
(17) have indicated that symptoms of drought
stress can be confused with those of oak decline.
Taubenhaus (26, 27), and van Arsdel and
Halliwell (35) considered drought stress to be a
precursor to oak decline. This was supported by
Rhodes and Tainter (19) reporting damaged cells

in growth rings the year following drought in
declining white oaks. That drought predisposes
oaks to decline appears well established.

Temperature relations remain unclear. Several
investigators (15, 17, 19, 25) have observed that
temperature has a direct impact on the develop-
ment of oak decline. This may be due, in part, to
the temperature requirement of the pathogen.
Lewis and Oliveria (17) observed that
Botryodiplodia theobromae causes decline symp-
toms at 32 °C. but not at 26°C. Growth of Hypox-
ylon atropunctatum is also enhanced by high
temperatures (25). Lewis (15), and Lewis and
Oliveria (17), reported that Ceratocystis
fagacearum can be isolated from declining trees in
the spring and fall, but only imperfect forms of this
fungus associated with decline can be isolated in
the summer in Texas. This raises an interesting
aspect concerning the relationship of C.
fagacearum to oak decline.

Of greatest concern, however, have been the
pathogens related to the fate of the live oaks in
Texas. Numerous investigators (4, 5, 8, 11, 17,
27, 29, 36) have isolated several vascular
invaders from trees showing symptoms of oak
decline. At least 13 genera have geen associated
with the oak decline complex from different parts
of the United States: Botrydiplodia,
Cephalosporium, Diplodia, Dothiorella, Endothia,
Fusarium, Hyalodendron, Hypoxylon, Nectria,
Pestolotia, Phialophora, Verticillium, and Ver-
ticicladiella, occurring separately or in combina-
tion. Some of these organisms may be imperfect
forms of C. fagacearum, also included in this
myriad of organisms associated with oak decline
(15).

Botryodiplodia theobromea was recognized by
Schmidt and Fergus (21) as a branch canker and
dieback pathogen of Quercus prinus. Lewis (16)
later indicated that this organism was associated
with dieback of Q. virginiana in Texas, possibly as
a part of the decline complex. It also has been
observed associated with decline in California oaks
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(31).
Since 1964, when Home and Halliwell (11) first

attributed the cause of oak decline in Texas to
Cephalosporium diospyri, Texas investigations
have been directed toward this organism (8, 13,
15, 32, 36). After isolating C. diospyri from oaks
in Illinois, Florida, and California, Thomas (29) has
attributed this organism to be one of several in the
general oak decline complex throughout the con-
tinental United States.

Diplodia quercina has long been considered a
weak branch canker pathogen in oaks. Rolan (20)
suggested it as a possible cause for oak decline in
France. Hecht-Poinar et al (10) implicated this
pathogen as the principal cause of oak decline in
California. In their investigations repeated isola-
tions of D. quercina were made from branches
and petioles of affected trees, no isolations were
reported from roots or root crowns. Inoculations
with D. quercina into branches confirmed
pathogenicity in such structures only.

Dothiorella quercina was the first reported as a
cause of decline, expressed as a twig blight (12).
It has long been considered by forest pathologists
as a weak twig canker pathogen. Thomas (28,
29) has found this organism commonly associated
with oak decline in California following root infec-
tion as well as branch infection. Lewis and Oliveria
(17) reported Endothia spp. from advanced
dieback in Texas live oaks and attributed this as a
possible pathogen in the decline complex.

Fusarium oxysporum has been associated with
wilt-decline of oaks in California (29), and ap-
parently enters into the decline complex. It has
been isolated from oaks in Illinois, Missouri,
Florida, Texas, Oregon, and California (31).

Hyalodendron sp. was reported by Halliwell (8)
as a possible entity in the oak decline complex in
Texas. Hypoxylon sp. also was implicated by
Lewis and Oliveria (17), despite the fact that
Hypoxylon symptomology differs widely from that
normally recognized as oak decline (30).

Pestalotia macrospora has been isolated from
declining oaks in Florida, Texas, and California,
and is included among the pathogens associated
with oak decline (29). This fungus has not been
reported by other investigators. Thomas (29), and
Lewis and Oliveria (17) have reported Phialophora
sp. as a possible pathogen in the complex.

Thomas (29) has obtained it from live oaks in
Florida, Texas, and California, and considers it
one of the more difficult pathogens in the complex
to suppress.

Verticillium albo-atrum is not considered a
pathogen of oaks by many investigators, but it has
been associated with oak decline in Illinois (22)
and California (29). Thomas (29) includes this,
together with Verticicladiella sp., as part of the
oak decline complex.

There is some discrepancy concerning the
amount of time required for oak decline to kill a
tree. Halliwell (9) indicated that death was a mat-
ter of a few weeks after infection under field con-
ditions. On the other hand, van Arsdel et al (34
believed that more than 10 years are required for
the demise of a tree infected with oak decline.
This is in line with Crowley's (3) report that 10-20
years are required for decline-infected trees to
die. The rate of decline seems to be regulated as
much by environmental conditions as by the
pathogens. Clearly there is need for additional in-
vestigation concerning the multitude of factors af-
fecting oak decline.

The purpose of this investigation is to
demonstrate the pathogenicity of some of the
fungi associated with oak decline, to delineate
some of the symptoms resulting therefrom, and to
report some environmental conditions related to
the development of the disease.

Materials and Methods
The fungi used in this investigation included

isolates obtained from field samples taken from
coast live oaks (Quercus agrifolia), valley oaks (Q.
lobata), and California black oaks (Q. kelloggii)
exhibiting the various symptoms ascribed to oak
decline in California: marginal chlorosis, foliar
yellowing on individual branches, marginal
necrosis of leaves, rapid wilt, slow wilt, shortening
of internodes, and complete dieback of individual
branches. All source trees had characteristic
brown, reddish brown, or metallic gray vascular
discoloration in branches, stems, and roots. All
had demonstrated vascular resistance on at least
one side of the tree by a Shigometer vascular
probe.

Isolates included Verticillium albo-atrum,
Pestolotia macrotricha, Dothiorella quercina,
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Cephalosporium diospyri, Phialophora sp., and
Fusarium oxysporum. Trees challenged by
inoculations with these fungi were 18 Q. lobata
and 1 8 Q. agrifolia 3-0 nursery stock grown in
one-gallon cans. From potato dextrose agar slant
cultures of each test organism 1 cm sq. blocks
were transferred to bark wedges made approx-
imately 2 cm above the root crown of three sap-
lings of each tree species in early October, 1 981.
The wedges were sealed to the stem with sterile
medical tape and wrapped with Saran to keep
them moist. Triplicate randomized blocks of each
combination of tree and fungus were used. There
were three uninoculated controls for each tree
species.

The trees, kept under natural conditions during
the winter, were exposed to a historical surplus of
rain until the following April. At no time after in-
oculation were the trees under moisture stress
until early in April. At that time the containers were
moved under cover and watered thoroughly every
14 days. Soil moisture was measured with an
Aquaprobe daily from April 1 to May 11. Average
daily temperatures were recorded. The trial was
terminated on May 11, 183 days after inocula-
tion, when final symptoms were recorded.

Isolations after 183 days were made from (a)
root crown, (b) 1 cm above the inoculation site,
and (c) the branch crown from each sample,
including uninoculated control trees. Isolates were
cultured on standard potato dextrose agar in 30
cm Petri plates. The plates were incubated 14
days at 25°C.

Experimental Results
Prior to 148 days after inoculation the soil

moisture had remained at 98%-100% due to
recurring rainfall, and the average maximum air
temperature was less than 10°C. After the test
trees had been put under cover, there was some
variation in soil moisture. The weekly average soil
moisture dropped to 60% field capacity, and the
maximum air temperature rose above 10°C.

Three days before the first symptoms were
evident (159 days) soil moisture averages were
between 47%-55%, and maximum air
temperatures were above 18°C (Fig. 1). The
decrease of soil moisture below 60% favored
symptom development, reflecting the moisture

stress level. Beyond the date of first symptom
development average weekly soil moisture
dropped to 35%, and never rose above 49%
during the duration of the test. During this period
average maximum air temperatures remained con-
sistently above 18°C. Maximinum decline
followed a maximum 28 °C temperature 1 76 days
after inoculation.

The test trees remained asymptomatic to 159
days. The first symptom determinations were
made at 1 62 days, the trees inoculated with D.
quercina having the most prominent symptoms,
especially in Q. lobata (Fig. 2).

After 169 days trees inoculated with D. quer-
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Figure 1. Association of soil moisture and air temperature
to oak decline symptom development.

Figure 2. Oak decline symptom development caused by six
pathogens in Quercus agrifolia and Quercus lobata.
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cina had the most prominent symptoms, being
most severe in Q. lobata. Symptoms in trees in-
oculated with V. albo-atrum or C. diospyri had less
severe symptoms. They were more severe in Q.
agrifolia inoculated with V. albo-atrum than in Q.
lobata, while the reverse was true in trees in-
oculated with C. diospyri.

Within 176 days the most severe symptoms
were evident in trees inoculated with V. albo-
atrum, D. quercina, or C. diospyri. This was most
evident in Q. agrifolia inoculated with V. albo-
atrum or D. quercina, while Q. lobata had the most
severe symptoms following inoculation with C.
diospyri.

At the termination of the trial after 183 days the
most severe symptoms were evident in Q. lobata
inoculated with C. diospyri (Fig. 3), Phialophora
sp. (Fig. 4) or F. oxysporum (Fig. 5); symptoms
were less severe in Q. agrifolia. Less severe
symptoms were evident in Q. agrifolia inoculated
with D. quercina (Fig. 6) or V. albo-atrum (Fig. 7);
Q. lobata were even less affected. Symptoms
were only moderate in Q. lobata inoculated with
Pestalotia (Fig. 8), and even less severe in Q.
agrifolia.

All trees but the uninoculated controls express-
ed some symptoms. Severity of symptom expres-
sion was significant in all inoculated Q. lobata
(Table 2). Significantly severe symptoms in Q.
agrifolia were caused only by V. albo-atrum, P.
macrotricha, or D. quercina under conditions of
the trial.

Wilt symptoms were evident in all Q. lobata in-
oculated 183 days prior with any of the test
organisms (Table 1). Wilt also was evident in all Q.
agrifolia except those inoculated with F. ox-
ysporum. Rapid wilt, expressed as a greenish-
gray discoloration of the leaf blade, was prevalent
in those Q. agrifolia inoculated with Phialophora
sp.

Stunting, as determined by obvious shortening
of internodes, generally was apparent in Q. lobata
inoculated with D. quercina, C. diospyri,
Phialophora sp., or F. oxysporum. It was not evi-
dent in Q. lobata inoculated with V. albo-atrum or
P. macrotricha.

Minor chlorosis was general in all Q. agrifolia in-
oculated with any of the test organisms. C.
diospyri, however, failed to cause chlorosis in Q.

lobata. In the Q. lobata inoculated with P.
macrotricha or D. quercina, however, chlorosis
was evident in only the basal leaves as a
senescence syndrome.

Dieback was evident only in those Q. agrifolia in-
oculated with D. quercina or C. diospyri. Terminal
dieback was general, however, in all Q. lobata in-
oculated with any of the test organisms.

No symptoms were evident in any of the
uninoculated control trees.

Isolations made on May 11, 183 days after in-
oculations, were positive in all cases except from
the control plants. The pathogens were obtained
from the upper crowns, inoculation sites, and root
crowns. These results demonstrated the capacity
of each of the test organisms to cause decline in
Q. agrifolia or Q. lobata, and that infection by each
organism could be systemic. Symptoms varied
according to tree species and pathogen.

Discussion
These investigations demonstrated clearly that

oak decline may be expressed by Q. agrifolia and
Q. lobata following infection by any of several dif-
ferent fungi. In this case positive inoculations and
isolations were obtained with Verticillium albo-
atrum, Pestolotia macrotricha, Dothiorella quer-
cina, Cephalosporium diospyri, Phialophora sp.,
and Fusarium oxysporum. Each was able to infect
systemically all portions of the inoculated plants.
Symptoms varied according to tree species and
pathogens.

Since each organism used in this investigation
was isolated from all parts of the inoculated trees
beyond the inoculation site, it would follow that
each was systemic in pathogenicity, although
some of these organisms have been considered
localized in the past (i.e., Pestalotia, Dothiorella}.
It may be that some of the other organisms
reported in the past as associated with oak
decline, such as Botyrodiplodia, Diplodia,
Hyalodendron, Hypoxylon, Nectria, and Ver-
ticicladiella may be in complex with some of the
pathogens included in this investigation, and that
they may be systemic under certain conditions.
This spectrum of oak decline pathogens requires
further investigation. The relation of some of these
organisms as imperfect forms of C. fagacearum
emphasizes an even greater need for additional in-
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Figure 3. Quercus lobata and Q. agrifolia on left inoculated
with Cephalosporium diospyri (182 days). Figure 4. Quercus lobaia and Q. agrifolia on left inoculated

with Phialophora sp. (182 days).

Figure 5. Quercus lobata and Q. agrifolia on left inoculated
with Fusarium oxysporum (182 days).

Figure 6. Quercus lobata and Q. agrifolia on left inoculated
with Dothiorella quercina (182 days).
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Figure 7. Quercus lobaia and Q. agrifolia on left inoculated
with Verticillium albo-atrum (182 days).

vestigation. If mycologists could clarify further the
relation of these organisms to C. fagacearum, this
complex may be more simple than it is at present.

Symptoms varied according to tree and
pathogen species. The differences often were
discreet, while at the other times significant. It
would be unwise for the field diagnostician to at-
tempt distinguishing organisms involved in the oak
decline complex on the basis of symptoms alone.
More than one pathogen may be involved in the
expression of decline syndromes. It thus is im-
perative that isolation of the pathogen or
pathogens involved be performed before the final
diagnosis.

Nutrient and moisture stress symptoms can be
confused with those expressed by infections by
decline-related pathogens. Symptoms were ex-
pressed following successive periods of drought
when weekly soil moisture levels dropped below
60% field capacity, development being inversely
proportional to soil moisture. This confirms earlier
reports that drought stress predisposes oaks to
decline expression (10, 15, 19, 25, 27, 35, 38).

The timing of this investigation during California
winter conditions failed to clarify the role of
temperature in affecting symptom development.

Figure 8. Quercus lobata and Q. agrifolia on left inoculated
with Pestalotia macrotricha (182 days).

There was an obvious increase in maximum air
temperature over 13°C prior to symptom expres-
sion, the maximum symptom development occurr-
ing 5-8 days after a 28°C maximum. There is a
direct relation between decline expression and air
temperature, which is a logical expression of
transpirational stress. Under the conditions of
these investigations it was not possible to deter-
mine what temperature stimulated symptom ex-
pression or initiated decline. Nor was it clear how
long after the occurrence of that initiating
temperature the first symptoms were expressed.
Maximum air temperatures over 13°C were
followed, however, by initial symptoms within 10
days.

"Oak decline" is a name for a disease based on
a complex of symptoms, not actually on the
pathogens involved. This investigation has
demonstrated that any one pathogen can cause
"decline" syndromes of various and interposed
types. It is clear that ascribing a particular
organism to oak decline in any form is hazardous.
Any of several pathogens can cause similar syn-
dromes. "Oak decline" then becomes a condition
caused by any one or a combination of
pathogens, which can become lethal to oaks.
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Table 1. Development of symptoms in two Quercus species 7 months after inoculation with one of
six fungi associated with oak decline.

Wilt Stunt Chlorosis Dieback

Pathogen agrifolia lobata agrifolia lobata agrifolia lobata agrifolia lobata

Verticillium
Pestalotia
Dothiorella
Cephalosporium
Phialophora
Fusarium

+ 2

1 basal leaves only
2rapid wilt

Table 2. Severity of symptoms of decline in 2 species of oaks incurred by 6 species of pathogens.

Pathogen

Verticillium

Pestalotia

Dothiorella

Cephalosporium

Phialophora

Fusarium

Controls

Quercus sp.

agrifolia
lobata

agrifolia
lobata

agrifolia
lobata

agrifolia
lobata

agrifolia
lobata

agrifolia
lobata

agrifolia
lobata

Mean air temperature (°C)

Mean soil moisture (%)

748

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

9.5

59.5

155

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

1.0
1.0

10.2

62.5

Ave. severity
Days after

162

2.0
1.7

1.0
1.7

3.3
4.0

1.7
2.0

1.3
2.0

CO C
O

1.0
1.0

15.5

38.0

inoculation
165

3.3
1.7

CO C
O

4.7
5.0

3.0
3.3

2.0
2.3

2.0
2.7

1.0
1.0

16.3

45.5

176

4.3
3.3

2.3
2.0

5.7
5.0

4.0
5.0

3.0
5.0

2.0
4.0

1.0
1.0

17.0

49.0

183

7.0
5.7

5.3
5.7

7.0
6.7

4.7
8.3

3.3
8.7

3.0
9.0

1.0
1.0

15.3

44.0

L.S.D. 5% level by Student's t test = 3.96
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Drought may be a precursor to this problem. The
relationship of other environmental conditions as
predisposing factors clearly requires more in-
vestigation. Obviously, however, "oak decline" is
not limited geographically, or specifically, as the
literature testifies.
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