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Introduction

When Breeding for Chemustry and
Disease, What about Stittness?
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Problem lIdentification

Forest Products Forest Health

* Important for us to know * Pine Decline/Disease has
the chemical composition been on therise.
and stiffness of these  Thereis a need to rapidly
genetically superior screen trees for disease
families. resistance

* Important to pick families * Thereis a need to identify
that have a combination of genetic families with
good forest product and superior disease resistance.

tree health characteristics.
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Connecting Fiber Properties to Product

Performance

Clear Lumber
What happens if you: = Burst Tensile Tear Compression Lumber Pulp Yield Longitudinal
MOE Shrinkage
Decrease fibril angle
from 40 to 30 degrees ? 125% 1 1 3% T 100% No effect 1 66%
Increase cell length
by 10% Y10 1 6% T15% 1 3% 0 No effect  No effect
Increase cell wall
thickness by 10% 1 6% J T15% | 19% T T 1% No effect
Increase % latewood
by 10% d 3% J T 7% J 0 T 1% No effect
Decrease lignin by 1 No effect No effect | l { T1-15 ~ Small
percentage point to small  to small 4-10% percentage 'mprovement
reduction reduction point
Increase cellulose by | No effect No effect T7.5% No effect 1 10% T0.5 No effect
1 percentage point percentage
§ point
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Forest Products Development Cooperative

Tackling Stiffness: A Challenge to
Measure

Low Microfibir] Angle
Low Spectfic Gravwity

Mednm to High Specific Grawity
Mednm to Low Specific Grawity

Low Spectfic Gravity
Mednm Microfibril Angle

High Spectfic Grawty

Low Microfibrl Angle
Low Spechic Grawnty
High Microfibnl Angle
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What Microfibril Angle is needed for

Adequate Stiffness?

Point at which 50% of the samples
meet SPIB stiffness threshold (longleaf pine)

30
MOE = -0.4001(MFA) + 21.49
B R*=0.63
251 1
20+

» Secondary wall

E* [GPa]

10 Primary wall (P)
54
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O ! T T T T T !
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o
. rl’]
g@ Via, B. K., So, C. L., Shupe, T. F, Groom, L. H., & Wikaira, J. (2009). Mechanical response of
./4 longleaf pine to variation in microfibril angle, chemistry associated wavelengths, density, and
] radial position. Composites Part A: Applied Science and Manufacturing, 40(1), 60-66.
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How Does Chemistry Play a Role in

Wood Strength? Stiffness?
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How Does Chemistry Play a Role in
Wood Strength?
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Linking Wood Chemistry to Tensile

Strength

SO
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Linking Wood Chemistry to Bending

Strength

80 ¢ y = 0.7618x + 1.0502
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What Parameter is Missing?

» Secondary wall

Primary wall (P)
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Introduction

Wood Chemistry and Disease
Resistance
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Forest Products Development Cooperative

Reduction in Fungal Growth with the
Addition of Monoterpenes

120 + WL hunti
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Image Reprinted from:
Eckhardt, L. G., Menard, R. D., & Gray, E. D. (2009). Effects of
oleoresins and monoterpenes on in vitro growth of fungi associated
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with pine decline in the Southern United States. Forest

presence of all monoterpenes are
useful in defense against fungal
growth & could be represented by

total extractives content.

Pathology, 39(3), 157-167.

School of Forestry and Wildlife Sciences, Auburn University




Total Extractives Content: Easier to

Measure with NIR
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What about Lignin for Defense against

Disease?

e Pro’s Hypothesis: Extractives to Lignin
Tradeoff During Cell Wall Synthesis

_ High Lignin

— Higher in Faster Grown Trees.

— Also Contains Phenolic Type
Compounds which may provide
Toxicity to Fungi.

— May be useful for bioenergy
e Con’s
— Undesirable for pulp & paper.

— Generally an indicator of lower
strength characteristics.

— Generally co-varies with microfibril
angle.

— Larger molecular weight coupled
with being bound within the cell
wall make it less assessable to Shupe et al. (1997) showed a tradeoff

“critters.” between lignin and extractives. For a
given age, increased growth resulted
in more lignin and less extractives.

Shupe, T. F, Hse, C. Y, Choong, E.T., & Groom, L. H. (1997). Differences in some
chemical properties of innerwood and outerwood from five silviculturally
different loblolly pine stands. Wood and fiber science, 29(1), 91-97.
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Objectives

* To develop NIR calibrations for wood
chemistry of southern pine (from another
study).

 To take these NIR calibrations and screen 14
genetic families from 2 sites for differences in:

— Lignin

— Cellulose

— Hemicellulose
— Extractives

School of Forestry and Wildlife Sciences, Auburn University
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Materials and Methods

Wet Chemistry method Near Infrared method

Mature T'n\e Coﬂ 104 >4
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Materials and Methods

) LIGNIN
-CELLULOSE
‘ HEMICELLULOSE
‘EX'I’RACI‘IVL{S

Apply Models to
Pine Families for
Stiffness and

Bioenergy
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Results and Discussion

Lumber Calibration Model

Table 1 Results of NIR models before and after wavenumber selection

Before wavenumber After wavenumber

Chemistry  Pretreatment selection selection
* RMSEP RPD  r RMSEP RPD
Extractives D 096  0.62 1.19 091 037  2.00
Lignin D 090 053 1.98 099 019 553
Holocellulose  FD+MSC ~ 0.95  0.85 2.08 096 027  6.56
Cellulose D 096 134 1.13 095 068 222
Hemicellulose FD+MSC 090  1.12 1.40 082 105 150

2’% Accepted with Revisions:
" Wei Jiang, Via et al. 2013. Wood Science and Technology.
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Results and Discussion

Lumber Calibration Model

80 -
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10 - » Lignin
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gﬁ Wet chemistry data (%)
g\ Accepted with Revisions:
" Wei Jiang, Via et al. 2013. Wood Science and Technology.
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Results and Discussion

Analysis of 14 Families at Two Sites
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Forest Products Development Cooperative

Randomized Block Design
Tt lsowce |eNae  lprF

Lignin Block (Site) 60.59 <0.0001
Family 0.80 0.6626
Block x Family 1.47 0.1286
Extractives Block (Site) 102.01 <0.0001
Family 1.36 0.1757
Block x Family 2.30 0.0065
Cellulose Block (Site) 3.83 0.0512
Family 7.7 <0.0001
Block x Family 7.44 <0.0001
Hemicellulose Block (Site) 0.01 0.9398
L Family 21.13 <0.0001
f;‘r\l} Block x Family 7.81 <0.0001
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Lignin: Comparison of Means

filpha 0.1
Error Degrees of Freedom 326
Error Mean Square 1.256785
Critical VYalue of t 1.64954

Least Significant Difference 0.5229
Harmonic Mean of Cell Sizes 25.01538

MOTE: Cell =sizes are not eqgual.

Meanz with the zame letter are not =significantly different.

t Grouping Mean M family
f 28.6389 27 A3T
fi
B fi 28.4954 28 fid3
B A
B f C 28.4046 24 Az
B fi C
B fi C 28.3775 28 F17
B A C
B f C 28.3531 26 AZ6
B fi C
B fi C 28.3350 24 A5
B A C
B f C 28.3335 26 F23
B fi C
B fi C 28.2815 20 Als
B A C
B f C 28.1254 24 A9
B C
B C 28.0996 26 Ald
B C
B C 28.0700 24 fidd
B C
B C 28.0590 29 Al
: C
i_ C 27.9724 21 13
N C
.//] ) C 27.9630 27 A2l
P
P
{ E] Log - (Untitled) | [#] Block Design FL 54 Wood. . |
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Extractives: Comparison of Means

Alpha 0.1
Error Degrees of Freedom 326
Error Mean Sguare 1.128132
Critical Value of t 1.64954

Least Significant Difference 0.4954
Harmonic Mean of Cell Sizez 25.01538

HOTE: Cell sizes are not equal.

MHeans with the zame letter are not significantly different.

t Grouping Mean M family
A 6.7202 28 F17
f
B A 6.5301 28 A33
B A
B A C 6.4842 27 A2l
B A C
B D f C 6.3829 27 A37
B D f C
E B D A C 6.2993 26 Aalo
E B D C
E B D C 6.2015 24 A2
E B D C
E B D C 6.1707 24 As
E B D C
E B D C 6.1275 29 Al
E B D C
E B D C 6.0928 24 Ag
E D C
E D C 5.9918 26 F23
E D
E D 5.9691 24 fA34
E D
E D 5.9508 20 Als
E D
E D 5.8975% 26 AZ6
- E
i_ E 5.8740 21 A13
3
28
H ——
E] Lag - {Untitled) | [# Black Design FL G4 Waad., |
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Cellulose: Comparison of Means

5

Alpha 0.1
Error Degrees of Freedom 326
Error Mean Square 0.352037
Critical Value of t 1.64354

Least Significant Difference 0.2767
Harmonic Mean of Cell Sizes 25.01538

NOTE: Cell sizes are not equal.

Means with the same letter are not significantly different.

t Grouping MHean H family
f 21.766T 21 Al3
A
B f 21.6150 24 A2
B
B C 51.4742 26 Alod
B C
B C 21.4650 26 F23
B C
B C 21.4513 24 (i)
B C
B C 51.3900 20 f15
C
D C £1.2162 29 Al
D
D E 21.0804 28 F17¢
D E
D E F 21.0646 24 i)
D E F
D G E F 50.9441 27 fn21
G E F
G E F L0.8600 24 fd4
G E F
G E F L0.8261 28 Ad3
G F
G F R0.7377 26 AZb6
G
i G L0, 7485 27 nar
fﬁ}
a
A
> I
{ E] Log - funtitled) | [#Y Block Design FL G4 Waod.. |
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Hemicellulose: Comparison of Means

filpha 0.1
Error Degrees of Freedom 326
Error Mean Square 0.086294
Critical VYalue of t 1.64954
Least Significant Difference 0.137

Harmonic Mean of Cell Sizes 25.01538

HOTE: Cell sizes are not equal.

Means with the zame letter are not significantly different.

t Grouping Mean H family
A 24 . 64042 24 A34
B 2 24 .55643 28 A33
E C 24 .44692 26 AZ6
E 24.41333 27 GET
E 24 .35815 27 Azl
D 24 . 21517 29 Al
g 24.18154 26 F23
g 24 . 16500 20 Al1S
g 24.15708 24 AS
E g 24.11038 26 Alo0
E F 23.98143 28 F17
G E 23.86583 24 A9
I o 23.78750 24 A2
g 23.76810 21 Ala

—
H ) ] Log - {Untitled) | [# Block Design FL G Wood., |
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Summary of Family Performance

Forest Products Disease Resistance
* Low lignin, high cellulose * High extractives
* |sextractives a problem? Not for ° Probably not high lignin
lumber. Maybe for paper. (conflicts with products)
T G
Medium Medium
A21 Low Medium-Low High
Al13 Low High Low
A34 Low Medium-Low Medium-Low
F17 High Medium High
A33 High Low High
A37 High Low High
A10 Medium-Low High High

School of Forestry and Wildlife Sciences, Auburn University



Control of Lesion Area through

Enhanced Extractives Content

19 1| ° o Florida  Y=6.912¢0302
R2=0.52
1.7 1 ® Georgia  y_3 4103e0192x
R2=0.32
° A21 - _
1.5 - Expon. (Two-parameter

exponential decay function)

Lesion Area / Root Diameter
(cm2/mm)

1.3 -
1.1 -
{
0.9 -
0.7 - . q
£ 0.5 T T T \
20 5 6 7 8 9
ZN NIR Predicted Extractives Content (%)
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A “Dose-Dependent” Explanation for

Picea abies (L.) Resistance to Bark
Beetle Colonization

200 i | i | 35
Kl | | |
:: o
150 - l l l |
| | | I 25 ~
o ] €
g O\ | | ¢ | 20 £
L
2 100 1 | | | £
B | | l | B
g | | | | - 1.5 E‘
I O | I %
50 - | S 10 O
| y - 298.9 e-:00156-| | y= 1‘79 e(-OOOQJx)
4 ) R?=0.52 l I 0.5
| o | I
' ®
01 | L ] | | b can , : 0.0
0 100 200 300 400 500 0O 100 200 300 400 500
2 Terpene level (mg g'1 dry wt)
PPN
4%1: Image Downloaded from Open Access Journal :
1=~

Zhao T, Krokene P, HuJ, Christiansen E, Bjorklund N, et al. (2011) Induced Terpene Accumulation in
Norway Spruce Inhibits Bark Beetle Colonization in a Dose-Dependent Manner. PLoS ONE 6(10):
€26649. doi:10.1371/journal.pone.0026649
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The “Dose-Dependent Theory’

Applied to Our Data

/

1.9 - o ® Florida  Y=6.912e70-30%
R?=0.52
1.7 - ® Georgia  y_3 4103¢ 0192«
. R?2=0.32
1.5 - —Expon. (Two-parameter

exponential decay function)

Lesion Area / Root Diameter
(cm2/mm)

1.3 -
1.1 -
L
0.9 -
0.7 - . °
£ 0.5 T T T \
20 5 6 7 8 9
ZN NIR Predicted Extractives Content (%)
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Conclusions

* Lesion by diameter ratio followed an exponential decay
function with extractives content.

* Several families exhibited a low lesion to diameter ratio
with increased extractives, but Family A21 exhibited
the best “Umbrella” traits for both wood quality and
disease resistance.

* Family Rankings for extractives content were not
consistent between sites due to a strong Site x Family
interaction (pr>F = <0.0065).
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Future Work

Pine Decline/Disease

* Determine the critical amount of extractives necessary
to fight pine decline/disease.

* Target specific trees/families to fill in the gaps to better
define the relationship between pine decline/disease
and extractives content.

Forest Products

e Add microfibril angle (or ultrasonics) to the
measurement program.

— Find families with best combination of traits.

— Consider the Forest Products Cooperative. See me
during reception if interested.
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