ADVANCES IN UNDERSTANDING DUFF

Researeh Station & Land Cofsemvancy,

FIRES
IN LONGLEAF PINE FORESTS
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What is Duff?

Bark

e Basal duff

— deep mounds
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e Across the stand
— discontinuous

— needle litter
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Forest floor Mineral soil

Figure 4. Mean live root dry weight in the forest
floor and top 30 cm of the mineral soil in long-un-
burned longleaf pine forest in Georgia, USA (whis-
kers indicate standard error).




A Look at Smoldering Fire

301°C




Management Conundrum:

How to reduce duff
while maintaining large, old pines?

LOW duff consumption HIGH

Retain large, old trees - Reduce duff fuels
Re-burn potential \ ’ Smoke hazard

Mortality




Research in Duff Consumption
2001-2015

e Quantify mortality rates when reintroducing fire

to long-unburned pine ecosystems (Eglin AFB, Ordway,
Moody Forest, Ft. Gordon)

e [dentify threshold moisture conditions
(Eglin AFB)

e Understand mechanisms of pine mortality (ordway
Preserve, Ft. Gordon, GA)

e Develop prescription guidelines
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Overstory tree mortality resulting from
reintroducing fire to long-unburned longleaf pine
forests: the importance of duff moisture

J. Morgan Varner lll, J. Kevin Hiers, Roger D. Ottmar, Doria R. Gordon,
Francis E. Putz, and Dale D. Wade|




log (% Mortality)

Duff Consumption (%)

P <0.001
R?=0.72

Mean Duff Consumption (%)

P =0.0002
R?=0.76

50 75 100
Oa moisture content (%)




Mitchell ¢, Doria R. Gordon "¢

"I"'I_”_l Contents lists available at ScienceDirect ‘!'I“Fomsmcmm,
and Management
Forest Ecology and Management st e
::"—”—l ELSEVIEF journal homepage: www.elsevier.com/locate/foreco
200 Post-fire tree stress and growth following smoldering duff fires
J. Morgan Varner®”, Francis E. Putz®, Joseph J. O'Brien®, |. Kevin Hiers9, Robert J.
100

20.4°C

Durations of lethal heating (i.e. temperatures =60°C) to basal bark, duff, and mineral soil during individual tree burns at the Ordway-Swisher Biological Station in northern
Florida, USA.

Treatment® Duration of temperatures =60°C (min) "‘

Basal bark Basal duff 5 cm soil 20cm soil

STEM (n=6) 443 +77.1 429+47.3 7.9+14.1 73+179
ROOT (n=6) 10.1+£7.0 145.6 £283.7 41.0£90.5 46+99
ROOT +STEM (n=6) 82.2+121.8 95.7+1873 56.1 £122.2 128 +£20.9
CONTROL (n=6) 9.4+26 10.6 £ 24.6 2.7+59 14+35

Means 36.5+73.9 73.7+168.8 26.9+74.8 6.5+144




ACUTE PHYSIOLOGICAL STRESS AND MORTALITY FOLLOWING FIRE IN A
LONG-UNBURNED LONGLEAF PINE ECOSYSTEM

Joseph J. O’Brien"", J. Kevin Hiers?, R.J. Mitchell®, J. Morgan Varner III*,
and Kathrvn Mordecai!
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Coarse root carbohydrates change (%)

0.6 00 0.5 1.0 1.5 20 2.5

0O 10 20 30 40 50 60 70 80 90 10 log Minutes > 80 °C at 5 cm
Perce nt fo rest flODI’ consum pt|D n Fig. 3. Relationship between the change (2003-2004) in coarse root non-structural

carbohydrates (sugar + starch) in mature Pinus palustris and duration of lethal
heating (temperatures =60 °C) at 5 cm below the surface of the mineral soil in
experimental fires in northern Florida, USA.
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Percent crown scorch

Figure 8. Linear regression of leaf chlorophyll
content index and crown scorch in longleaf pines
burned in a 2005 wildfire. Leaves were collected
after the crowns flushed (3 months) following the
fire. All pines had at least 20% forest floor con-

sumption. O’Brien et al. 2010; Fire Ecology




R.W. Fonda’, Biology Department, Western Washington University, Bellingham, Washington 98225-8160

and
J. M. Varner?, School of Matural Resources and Environment, University of Florida, Gainesville, Florida 32611-8526

Burning Characteristics of Cones from Eight Pine Species

Pine cones facilitate ignition of forest floor duff

Jesse K. Kreye, |. Morgan Vamer, Christopher |. Dugaw, Jing Cao, Jonathan Szecsei, and Eamon A.




p

Oi'Litter.

-y

Oa Humus

110 115

§--
'7 ? l\i

a5




Rainfall (mm)

x
[}
©
£
o
-
>
)
0
o
=
©
O

Apr-2001 Aug-2001 Dec-2001 Apr-2002




R°=0.923 p=.002

3-4 inches
of rain in
previous 2
days
eliminates
residual
smoldering
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© Burn

@ Control

@ Herbicide

@ Mechanical

@ Reference (Ref.)

@ 1994 Ref. ellipsoid
. 2010 Ref. ellipsoid

© 1994: Pretreatment
© 2010: Posttreatment




Conclusions
Pine Mortality:

v Impacts from duff consumption
may be delayed over 2+ yrs.

v' Mortality May be extensive
(>70%).
v Destruction of roots caused

cascade of insults leading to tree
death with <30% consumption

Safe Burning Conditions:

v' Are identifiable.
v’ More conservative than thought.

v’ Varies seasonally and inter-
annually.




Future Work

\
X!

: . v Quantify recovery of native
plants in response to
progressive duff removal

v Understand long term
consequences to nutrients and
soils from duff build-up and

/ removal

v Refine rain prescription
parameters with ET

v Understand mortality relative
to season of burn and long-
term drought.
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A Little Light Reading...

Ferguson et al. 2002. International Journal of Wildland Fire
11: 267 — 279.

Varner et al. 2005. Restoration Ecology 13:536-544.

Varner et al. 2007. Canadian Journal of Forest Research
37: 1349-1358.

Hiers et al. 2007. Ecological Applications 17(3):806-814

Varner et al. 2009. Forest Ecology and Management
258:2457-2474.,

O’'Brien et al. 2009. Fire Ecology 6(2):1-12.
Hiers et al. 2012. Ecological Restoration 30(1):27-36.
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Implications on stand
structure

20

Pre-fire

pme density= 48 tpa
pine basal area= 96 ft2/ ac
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Post-fire

pine density= 32 tpa (-33%)
pine basal area= 54 ft?/ ac (-44%)
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Do Turkey Oaks Burn?
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