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EXPLORING THE YEAR RING GROWTH OF DOUGLAS
FIR AND NORWAY SPRUCE IN RESPONSE T0 THE
CHANGE IN WEATHER AND CLIMATE
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= Joint research project between Forest Research Institute Baden-
Wiirttemberg (FVA) and the Chair of Forest Growth of Albert-
Ludwigs-University Freiburg (ALU).

= Aim: assess the suitability of three most economically important
coniferous tree species Norway spruce, Silver fir and Douglas fir
regarding their growth increments to predicted climatic changes in
the Black Forest.

= Investigating quantitative wood anatomy
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FROM KANDEL

Kandel Location

- 20 selected tree
individuals

- Data collected
from five altitude
level
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ROXAS

ROXAS 3.0

ROXAS is a specialized image analysis tool for quantifying
xylem anatomy in circular and linear samples of angiosperms
and conifers.
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ROXAS ANALYSIS CYCLE

2. Auto-Analysis

Specific settings adjusted once
for each data set optimize the
quality of automatic analysis
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Von Arx, 2016
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TASK 1: DRAWING ANNUAL CELL RING BORDERS
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TASK 1: DRAWING ANNUAL CELL RING BORDERS

fr B
B Draw new ring border(s) EE = |
P~
Instructions @
1. Please select the POLYGON tool (in the ‘Annotation’ toolbox] Update outlines

2. Click on vertices of one to several new ring boundaries
(at least 3 pts. /ing). DO NOT CLICK OUTSIDE THE IMAGE!

3. Double-click to complete each ring border Plot reference RW series

e _

CEEE— X

= ' Duration of entire analysis: 0:11:47
Revgnlng/ mening/pivy Duration of initial image analysis: 0:00:14
CTRL+SHIFT+Z: move up . .
CTRL+SHIFT+B: move down Miscellaneous Duration of manual user correction: 0:11:05

CTRL+SHIFT +H: move right
CTRL+SHIFTG: move lef Editing Options & Utilities

CTRL+SHIFT +l: zoom in E
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soomed Exit ROXAS

Duration of final data calculation and output: 0:00:28
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|

Von Arx, 2016
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TASK 2: SELECTION OF BEST FIVE TRACHEID ROWS

3 Image-Pro Plus

File Edit Acquire Advanced Sequence Enhance Process Measure Macro

SHECSZRERI2P00caZ|A s aRWE @ed| i

Window Help

E Open image file
T

Organisieren v

s Schnellzugriff
I Desktop
‘ Downloads
E;] Dokumente
[&=| Bilder
Honer
B1D2
K503
S5D3

samuel
@ OneDrive
[ Dieser PC
_J 3D-Objekte
[&=] Bilder
Il Desktop

> Dieser PC » Lokaler Datentrager (C:) » data » S5D3

Neuer Ordner
Name Datum

(=] $5D3_2018.tif
(=] $5D3_2017x.tif
[=] S5D3_2016.tif
[=] S5D3_2015.tif
(=] S5D3_2014x tif
[=] $5D3_2013.tif
(] S5D3_2012x tif
(=] $5D3_2011x.tif
(] $5D3_2010x tif
[=] S5D3_2009.tif
[=] $5D3_2008.tif
(=] S5D3_2007.tif
(=] $5D3_2006.tif
(=] $5D3_2005.tif
(=] $5D3_2004.tif
[=] $5D3_2003.tif
(=] $5D3_2002.tif

LU S G

Typ

TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei
TIF-Datei

GroBe

426.127 KB
204.353 KB
386.733 KB
453.942 KB

462.443 KB
184.737 KB
186.575 KB
352.623 KB
459.348 KB

3.019KB
446.650 KB
481.510KB

il

W
Al Measurements..,

th
TH Measure Distances...
m Manual Tag...
“ Caliper..,
Co-Localization...
. Track Objects...
‘r B3 Snap Measurements...
I‘; Histogram...
@ Line Profile...

Bitmap Analysis...

|

Surface Plot..,

4! 3D Viewer

Report

Data Collector

il

l

M

T
R
A

I
ul e LA

|

W Manual Point Count - $503 2001.tif 50%
File  View Options Update

Tog Points || Name Count [l Tota TS |
e —— e
Delete Point 20 Y Red Circle
Delete All
Classes
Total Count
0

9/29/2020




TASK 2: SELECTION OF BEST FIVE TRACHEID ROWS

Selected best tracheid rows
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TASK 2: SELECTION OF BEST FIVE TRACHEID ROWS
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Here, L_ M= Lower altitudinal range (350 -650m) and H_M=Higher altitudinal range (650-1100m) of

Kandle

Year ring width (detrended)
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ANALYSIS OF YEAR
RING INCREMENT
IN DIFFERENT
ALTITUDINAL
LEVEL OF KANDLE

e 20 tree individuals of
Norway Spruce and
Douglas Fir

e The interseries correlation
for hoth species showed
significant differences
(p<0.05) from each other

o Used dplR package (Bunn
2008)
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Here, D1= Douglas Fir first, D2= Douglas Fir second, D3= Douglas Fir third tree individual, F1= Norway Spruce first, F2= Norway Spruce second, F3= Norway spruce third, F5= Norway spruce fifth tree 9/29/2020
individual ; K1= 350-500m, K2= 500-650m, K3= 650-800m, K4= 800-950m, and K5= 950- 1100m range of altitude



TREES RESPONSE TO DROUGHT EVENT AND THE EFFECT OF
GROWING ELEVATION

Dr PostDr oo PostDr
Recovery (Rc) = Resilience (Rs) =
PreDr Dr PreDr

Resistance (Rt)=

Growth (YRW)
Dr= width of tree year ring in a drought year
PreDr PreDr= mean tree ring width 2 years before the
Rt, 1 disturbance
PostDr= mean tree ring width 2 years after the
disturbance

Time

Growth indices in hypothetical case Lloret et al. 201 1; Vitali 2017
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THE EFFECT OF
GROWING ALTITUDE
. AND SPECIES

L T e . — RESPONSES TG
= | DROUGHT EVENTS

R——
| f!' - =

Resistance

Better resistance
found for Norway
spruce in higher
altitude level

Recovery
( }

- Resilience recorded
better for both
species in lower
altitudinal level

9/29/2020 @

Resilience

DF NP DF Species NP DP NP

_._— — ==

Altitude
Low
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LABORATORY
DEMONSTRATION

« TP1020- Paraffin (Wax)
to stabilize sample

@zl EEE)
iy oo
. BE . Z

, < - - Histocore Arcadia H -
TP1020 machine Histocore Arcadia H machine prevent the Sample to
become solid

i — - Rotary Microtome-
e é Te¥FIsssmmes o
3 | accurate slides of
E : i
S | - Cresyl Violet Acelate -
T g | differentiate the state
R
i | of cells
Rotary Microtome Machine Cresyl Violet Acelate solutions Sample slide with their 1D No.
9/29/2020 @



Microcores collection

FIELD EXCURSION
IN SCHAUINSLAND

« Microcores
collection

« 45 sample trees
« Instruments used
-Trephor

- Eppendorf tube
filled with 50%
Ethanol
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Has stabilized voltage

and induction sensors
Radial growth and

shrinkage of the tree

Saved data on flash
memory card

Data can be downloaded
via cell phone modem

FIELD EXCURSION
IN SFB RESEARCH
ARER

- Point
dendrometer
and data logger
observation
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« USB/IrDA cable used PIELD EXCUBSION
- Mini32 software required T0 BL HUEN
MOUNTAIN

« Band Dendrometer
measurements

« Microcores
Collection

« DBH measurements

Measure radial growth and

water stress condition - EXposition

measurement
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FIELD EXCURSION
IN BREISACK

|

-

§ e
2 Established: 1997
‘ j‘; < - Area: 2.5 ha
.g e
Study area demonstration - -15 plots (RBD used)
- Objectives: Growing
i il valuable timber with
broadleaved trees

Cherry rows

---------- Oak, Ash, Sycamore maple, Hornbeam

} 1 Cherry (15m x 1.5m) pure - Cherry (15 x 1.5) with Oak (5/10 x 1.5)
I crery (15 1.5) with Ash (15 x 1.5) B e (15 1.5) with Hornbeam (5110 x 1.5)

3 Cherry (15 x 1.5) with Sycamore (15 x 1.5) Agroforestry areas: Aand B

Plot orientation of valuable broadleaved trees
9/29/2020 @
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 The number of dead shoots increases by application of pruning

type B and C (Anticipatory pruning approach) FIELD EXCURSION
* Sixty Cherry trees has been sun burned IN BREISHCH

* Dying back of Ash tree

living M dead
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Pruning Types

(Springmann et al. 2011)

9/29/2020 '@



BT S S (i e e i G A e

ities

1

-Diameter at breast he

i

i

= Respons

t

ht,
10N axea measuremen

19

t

jec
tor trees

i

-Crown pro
-Compet

-F

HWAND

FIELD EXCURSION IN
MENZENSC

band dendrometer

ixing

{

9/29/2020



CROWN PROJECTION ARER MEASUREMENT

2 d

Area, =axb xsinB x 2

Area ,, = (r+'%2d) x (r,+ 2d) xsinB x 2

Crown projection area = 1 Area ,

Spiecker, 1991
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Collaborative process
Strong background,
skills of researchers
Well equipped lab
ROXAS analytical tool

1

OPPORTUNITIES
Comprehensive research
Noble research; create a
good portfolio for the
selected conifers

Funding for new research
Enhanced forest
management strategy with
changing climate

OT

\)
\

WEAKNESSES

Planned very ambitiously
Limited meetings to share the
current activities

Financial limitations

Limited cooperation among all
the working packages

fa o s Y

T
o
Ll

T

THREATS

Current COVID-19 situation
Uncertainties due to climate
change

Delays will increase ultimate
cost of projects

To get continuous collaboration
of future projects

25



TAKE AWAY MESSAGLS

»ROXAS- quantitative analysis of year rings
»Ideas about dendrochronological research

»From field excursion
Microcores collection

Data saving from band dendrometer
Crown projection area measurement

»>Professionalism, official rules and norms
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