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Epicormic bud development

Colin, et al., 2010



Epicormic formations: buds

Fontaine, et al., 1998, 1999; Colin, et al., 
2010



Epicormic bud development
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Epicormic bud development

Bud traces

Fontaine, et al., 1999

• Epicormic buds in oak 
are almost always 
connected to the pith

• This connection is called 
a bud trace

• The bud trace is 
evidence that epicormics 
are not forming 
spontaneously

• Instead, epicormic 
initiation is related to the 
initial annual shoot



Epicormic bud development

Fontaine, et al., 2001

• Epicormic bud 
development is 
dynamic

• Death of a bud does 
not mean the death 
of a bud trace

• In this instance, 
there is a downward 
trend in total 
number of buds



Epicormic bud development

• More epicormics 
form at the base of 
sequential branches 
than at terminal bud 
clusters

• Increased sequential 
branching leads to 
increased bud 
formation (Harmer, 
2000)

• Therefore, multiple 
annual flushes in oak 
increase the 
epicormic potential

Fontaine, et al., 2001; Colin, 
et al., 2010

1.  Branching



Epicormic bud development

Cremer, 1972; Fontaine et al., 1999

• Bud expands at a 
rate that matches 
the trunk

• Vascular trace also 
lengthens

• In older trees, 
most bud traces 
are connected to a 
branch pith and 
not the tree pith

1.  Branching



Influences on initial bud-set

• Branchier provenance had a higher proportion of growth units with branches
• When growth units had branches, the branchier provenance also tended to have 

more branches per growth unit
• Since a large proportion of epicormic buds form at branch bases, the branchier

provenance should be more susceptible

Harmer, 2000

2.  Genetics



Influences on initial bud-set

• Rapid growth may lead to more branches
– Fertilized vs. unfertilized

Harmer, 1989

3.  Environment



Epicormic formations: sprouts

Sprouts stimulated by release
• Possibly a result of the crown�’s 

inability to respond quickly 
enough to a sudden increase in 
light

• Many conifers use epicormics on 
the branches to fill in the gaps

• Tend to occur at a higher rate on 
upper logs

Sprouts stimulated by stress (�“agony 
sprouts�”) (Evans, 1982)
• Present even in high numbers in dense 

stands
• Tend to be more common on 

suppressed trees
• Almost certainly a sign of stress in 

dominant and codominant trees



Epicormic sprouting

1. Light

2. Genetics

3. Vigor

4. Site
bennettplaceflora.blogspot.com

oak.snr.missouri.edu



Epicormic sprouting
1. Light
• Oaks suddenly exposed to high 

levels of light produce more 
epicormics, but there are some 
caveats
– High branch numbers are possible in 

closed canopy stands

– One tree in a closed stand may have 
almost no branches, while an 
adjacent tree may have very many

– Completely shaded buds are not 
significantly less likely to sprout 
(Wignall and Browning 1988, Books 
and Tubbs, 1970) 

• Light probably has a greater 
influence of branch longevity



Epicormic sprouting

2. Genetics

Bowersox and Ward, 1968

• Differences in epicormic branches 
between provenances seem to be minimal 
(Colin et al. 2010, Jensen 1997)

• Cuttings from different clones show a 
slight difference in sprouting tendency

• Heritability among families seems to be 
higher (Savill and Kanowski, 1993), 
though there is little data to back this up

• Genes have been identified in English oak 
controlling bud burst (Scotti-Saintagne, 
2004)



Epicormic sprouting

3. Vigor
• Rapidly growing trees seem to have a 

higher level of epicormic mortality 
(Spiecker 1991, Colin et al. 2008)

• Relative growth increment seems to be the 
best predictor of branching (Colin et al. 
2008)
– Minimum threshold

• Suppressed trees can have very high 
numbers of branches (Nicolini et al. 2001, 
McGee and Bivens 1984)
– Used to replace a non-functional crown



Epicormic sprouting

4. Site
• Very little research relating site to 

epicormic branching
• On Wisconsin scrub oak sites 

(white and northern pin oak), very 
high prevalence of epicormics 
(Mujuri and Demchik 2009)

• However, since more stressed 
trees are more likely to produce 
epicormics, more stressful sites 
– Used to replace a non-functional 

crown
• Could certain soils or soil nutrients 

stimulate or prevent epicormics?



Epicormic sprouting

• Ward, 1966
– Residual BA of 30 and 70 

ft2

– Avg. DBH between 11.7 
and 14.1

– Crop tree characteristics
• White and black oak

• Dominant or codominant

• Trees �“with best form�”

Responses to thinning



Epicormic sprouting

• Miller and Stringer, 2004
–  76% residual stocking

– DBH between 8.3 and 18.9 inches

– Crop tree characteristics
• Dominant or codominant

• Potential grade 1 or 2 sawlog

• Even spacing
– Either 24 or 30 crop trees per acre

– 4-sided release for each tree

Responses to crop tree release

• Results:
– No trees decreased in grade 

over 17 years

– Surface characteristics similar 
between released and 
unreleased trees

– Smallest diameter trees tended 
to have more epicormics and 
fewer clear logs



Epicormic sprouting

• Dimov, et al., 2006
– 30 year old cherrybark oak 

plantation
– Residual stocking of 75% 

(light), 50% (heavy) and no 
thinning (control)

– Thinning from below
– Epicormic response was not 

predicted by crown class or 
thinning intensity

– Concluded that the 
�“stagnant�” condition of the 
stand and environmental 
stresses meant that �“agony 
sprouts�” had already 
developed

Responses to thinning



Epicormic sprouting

• Over two years, only annual 
pruning actually reduced the 
number of epicormics

• Neither different thinning 
regimes nor pruning had any 
long-term effect on the 
number of epicormics
– However, higher level of thinning 

resulted in fewer shoots

Responses to pruning and thinning

Dwyer, et al., 1987

No pruning

One pruning

Annual pruning

Evans, 1982



Management implications
• Epicormic buds on the butt log are set when the tree is still a sapling.

– Use of improved stock that has been selected for form as well as growth 
should reduce branching

• Maintaining vigor of crop trees through the rotation seems to be the 
most foolproof method of limiting sprout formation
– Select crop trees at a young age and regularly provide them with �“gentle�” 

release
• Pruning probably has little effect on epicormic branching in the long 

run and the cost is generally prohibitive
• Oaks on stressful sites are more susceptible to epicormics
• Epicormic branches do not form spontaneously on mature oaks; a 

tree with branches before release will almost certainly develop more 
following release
– In commercial thinnings, preferentially remove trees with evidence of 

prior branching
• Genetic control over branching is complex, with certain genes likely 

responsible for budset and others responsible for sprouting



White Oak Project

• Major questions
– 1. Do genetic or vigor effects have a larger impact on 

the number of epicormic branches in white oak?

– 2. Do buds on different trees sprout at different rates 
and do different trees have different bud mortality 
rates?

– 3. Can we predict the likelihood that a given tree will 
be degraded by epicormics upon release?



Rating epicormics in a polesize oak plantation

Its easy to draw the line 
between a �“good�” and a 
�“bad tree�” . . .



Rating epicormics in a polesize oak plantation

But what constitutes �“good 
enough�”?
• Judgments often made on 

condition of a tree relative to 
it�’s neighbors
– This may be sufficient, depending 

on the objective

• Can information be compared 
between plantations?

• With limited resources, where 
is investment most likely to be 
maximized?



Rating epicormics in a polesize oak plantation

Qualitative ratings
• No difference between 

intermediate rankings
• 1 not different from 2 or 3
• 4 not different from 2 or 3
• Are all �“1�” rankings high 

quality crop trees?
• Could any �“2�” rankings be 

crop trees?
1 2 3 4
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Rating epicormics in a polesize oak plantation

Rank
Total

value

Branch size class

<0.25" 0.25" 0.5" 0.5" 1" 1" 1.5" 1.5" 2"

Value per branch

0.1 1 5 10 25

Total number of branches permitted per rank

V 0 0 0 0 0 0

1 0 1.0 10 1 1 1 1

2 1.1 5 50 5 1 0 0

3 5.1 25 250 25 5 2 1

4 >25 >250 >25 >5 >2 >1

[1] Total value is determined first by multiplying the number of branches in each 
size class by the per branch value, then summing those values across all size 
classes.  Branches larger than 2 in. diameter should be considered normal 
branches and not included in this rating.  Trees with bud clusters larger than 2 in. 
diameter should be ranked as 4.



Questions


