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WSU / Weyerhaeuser Alder

• The WSU Alder seedlings are a continuation of 
the original Weyerhaeuser Clonal Alder program

• WSU is tasked with the commercialization of the 
production clones selected to date and the:
– Selection of new clones from trials already planted by 

Weyerhaeuser
– Production of new clones from WSU trials and 

selections
– The implementation of a breeding program
– The continuation of the existing Frankia collections 

and the collection of new Frankia lines



Just a reminder from many previous 
presentations!

• Production and selection system
• Growth Potential
• Selection Characteristics

– Wood properties
– Disease tolerance
– Cold Tolerance

• Frankia Inoculum

I will give you a very brief overview of:



Concept Validation
Selection & Current Production System

Select a group of the best 
100 trees out of an acre of
selected seedlings for growth
and form

From that group of trees
select the best 10 trees on
form and growth that meets
or exceeds selection criteria

Take the best tree from 
those 10 and then repeat 10 
times on each of 5 sites to
get the best 50 trees

Take material from each of
the trees and try to propagate
cuttings

Once the material is
captured it has to meet 
propagation criteria of 80% 
rooting and 80% survival

Once propagated fell the 
parent and check that the 
wood properties. Meet the 
manufacturing criteria

Set out clonal trials for 
selection of best clones in 
3 - 5 years

Selections are shown in red

100:680

10:100

1:10

42:50

30:42

10:30
Simple overall selection 1:3400

• Selection is following standards used worldwide for eucalyptus, pine and acacia



Growth Across Sites

This means a 29.6% 
increase in DBH and 
a 24.3% increase in 
Height

• These were the top growing 
clones over a variety of sites and 
planted across different years. 
Trees were 5 – 9 yrs. old

• The clones are ranked by DBH 
gain and then height gain as DBH 
gain is the biggest driver of 
volume

• Even though some of these trees 
have excellent DBH increase we 
may not include them if the 
taper of the tree is too extreme 
as taper is a selection factor

• We have 36 (or including 
extreme cold tolerant trees 39) 
selected clones for production 
out of 648 tested trees.

• The Analysis was carried out by 
Weyerhaeuser staff 



Growth and Survival comparison
Below is a graph showing the growth of clones at Twin Harbors – the growth is shown 
as volume at 5 yrs for the 2004 planted trial. The clones were planted in 20 
randomised single tree plots which gives very good reproducibility – the graph on the 
left shows the volume differences and the graph on the right shows tree survival.  The 
seedling control is marked in red. The line marked Aurora is a planting of mixed clones 
grown at aurora as bare root



Below is a graph showing the growth of the same clones above grown at Longview –
the growth is shown as height at 5 yrs. The clones were planted in 20 randomised 
single tree plots which gives very good reproducibility – the graph on the left shows the 
height differences and the graph on the right shows tree survival.  The seedling control 
is marked in red. The line marked Aurora is a planting of mixed clones grown at aurora 
as bare root

Growth and Survival comparison



Sample of Wood Tree Density Properties

Ring by Ring Specific Gravity Profile for Tree No. 39
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Ring by Ring Specific Gravity Profile for Tree No. 35
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Wood Properties Criteria
• Density is a critical property to improve recovery 

and lumber uniformity and can be selected for in 
a clone program

• Density to be between the limits and fluctuate less 
than 30 points between rings and 50 points across 
either radius

• We also have anatomical data for cell wall 
thickness (3um) and lumen diameter (18um) and 
fibers per gram (30-32 million)
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Ring by Ring Specific Gravity Profile for Tree No. 40
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0.399

0.377

0.408

0.37

0.401

0.367

0.415

0.384

0.434

0.386

0.433

0.378

0.411

0.388

0.445

0.367

0.408

0.368

0.421

0.399



13

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 13

0.374

0.376

0.363

0.398

0.378

0.407

0.389

0.468

0.416

0.435

0.376

0.371

0.342

0.353

0.336

0.467

0.352

0.446

0.345

0.393

0.329

0.363

0.336

0.369

0.365

0.344



12

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 12

0.367

0.387

0.38

0.382

0.384

0.39

0.398

0.374

0.422

0.368

0.399

0.423

0.407

0.344

0.433

0.384

0.392

0.383

0.387

0.349

0.388

0.356

0.391

0.363



11

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 11

0.383

0.362

0.376

0.316

0.404

0.329

0.391

0.36

0.432

0.368

0.414

0.365

0.418

0.38

0.446

0.345

0.403

0.34

0.411

0.352

0.415

0.332

0.389

0.377



10

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 10

0.367

0.371

0.346

0.398

0.362

0.417

0.391

0.417

0.355

0.373

0.41

0.375

0.364

0.41

0.405

0.427

0.405

0.402

0.358

0.384

0.348

0.389



9

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 9

0.372

0.388

0.417

0.306

0.42

0.33

0.401

0.379

0.433

0.382

0.437

0.348

0.488

0.37

0.456

0.376

0.428

0.375

0.417

0.381

0.39

0.32

0.432

0.417



8

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 8

0.388

0.414

0.431

0.339

0.442

0.347

0.461

0.365

0.516

0.38

0.468

0.393

0.427

0.395

0.418

0.38

0.427

0.349

0.381

0.402



7

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 7

0.348

0.395

0.456

0.454

0.322

0.429

0.346

0.45

0.371

0.423

0.39

0.459

0.386

0.429

0.381

0.416

0.357

0.423

0.343

0.426

0.387

0.348



6

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 6

0.366

0.37

0.399

0.424

0.374

0.405

0.35

0.436

0.358

0.402

0.361

0.425

0.366

0.423

0.341

0.399

0.327

0.439

0.333

0.399

0.379

0.356



5

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 5

0.366

0.387

0.416

0.441

0.323

0.429

0.346

0.436

0.377

0.435

0.405

0.404

0.397

0.426

0.374

0.419

0.344

0.445

0.331

0.407

0.376

0.345



4

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 4

0.395

0.432

0.336

0.417

0.376

0.431

0.389

0.445

0.459

0.477

0.415

0.519

0.47

0.461

0.398

0.453

0.432

0.412

0.355

0.406

0.348

0.38



3

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 3

0.407

0.407

0.443

0.442

0.327

0.418

0.346

0.459

0.379

0.386

0.388

0.416

0.394

0.46

0.407

0.41

0.364

0.455

0.334

0.423

0.388

0.394



2

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 2

0.358

0.359

0.416

0.342

0.454

0.358

0.432

0.389

0.446

0.397

0.433

0.366

0.424

0.392

0.451

0.345

0.434

0.336

0.366

0.365



1

		8		8

		7		7

		6		6

		5		5

		4		4

		3		3

		2		2

		1		1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8



Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 1

0.398

0.418

0.446

0.424

0.324

0.429

0.339

0.477

0.357

0.389

0.395

0.313

0.364

0.451

0.352

0.413

0.339

0.414

0.312

0.445

0.422

0.393



Sp. gr. data

								8		7		6		5		4		3		2		1		1		2		3		4		5		6		7		8

		1		B		B				0.398		0.418		0.446		0.424		0.429		0.477		0.389		0.313		0.451		0.413		0.414		0.445		0.422		0.393

		1		T		B										0.324		0.339		0.357		0.395		0.364		0.352		0.339		0.312

		2		B		B						0.358		0.359		0.416		0.454		0.432		0.446		0.433		0.424		0.451		0.434		0.366		0.365

		2		T		B										0.342		0.358		0.389		0.397		0.366		0.392		0.345		0.336

		3		B		B				0.407		0.407		0.443		0.442		0.418		0.459		0.386		0.416		0.460		0.410		0.455		0.423		0.388		0.394

		3		T		B										0.327		0.346		0.379		0.388		0.394		0.407		0.364		0.334

		4		B		B						0.395		0.432		0.417		0.431		0.445		0.477		0.519		0.461		0.453		0.412		0.406		0.380

		4		T		B								0.336		0.376		0.389		0.459		0.415		0.470		0.398		0.432		0.355		0.348

		5		B		B				0.366		0.387		0.416		0.441		0.429		0.436		0.435		0.404		0.426		0.419		0.445		0.407		0.376		0.345

		5		T		B										0.323		0.346		0.377		0.405		0.397		0.374		0.344		0.331

		6		B		B				0.366		0.370		0.399		0.424		0.405		0.436		0.402		0.425		0.423		0.399		0.439		0.399		0.379		0.356

		6		T		B										0.374		0.350		0.358		0.361		0.366		0.341		0.327		0.333

		7		B		B				0.348		0.395		0.456		0.454		0.429		0.450		0.423		0.459		0.429		0.416		0.423		0.426		0.387		0.348

		7		T		B										0.322		0.346		0.371		0.390		0.386		0.381		0.357		0.343

		8		B		B						0.388		0.414		0.431		0.442		0.461		0.516		0.468		0.427		0.418		0.427		0.381		0.402

		8		T		B										0.339		0.347		0.365		0.380		0.393		0.395		0.380		0.349

		9		B		B				0.372		0.388		0.417		0.420		0.401		0.433		0.437		0.488		0.456		0.428		0.417		0.390		0.432		0.417

		9		T		B								0.306		0.330		0.379		0.382		0.348		0.370		0.376		0.375		0.381		0.320

		10		B		B						0.367		0.371		0.398		0.417		0.417		0.373		0.375		0.410		0.427		0.402		0.384		0.389

		10		T		B								0.346		0.362		0.391		0.355		0.410		0.364		0.405		0.405		0.358		0.348

		11		B		B				0.383		0.362		0.376		0.404		0.391		0.432		0.414		0.418		0.446		0.403		0.411		0.415		0.389		0.377

		11		T		B								0.316		0.329		0.360		0.368		0.365		0.380		0.345		0.340		0.352		0.332

		12		B		B				0.367		0.387		0.380		0.384		0.398		0.422		0.399		0.407		0.433		0.392		0.387		0.388		0.391		0.363

		12		T		B								0.382		0.390		0.374		0.368		0.423		0.344		0.384		0.383		0.349		0.356

		13		B		B		0.374		0.376		0.363		0.398		0.407		0.468		0.435		0.371		0.353		0.467		0.446		0.393		0.363		0.369		0.365		0.344																0.374

		13		T		B								0.378		0.389		0.416		0.376		0.342		0.336		0.352		0.345		0.329		0.336

		14		B		B				0.402		0.382		0.386		0.399		0.408		0.401		0.415		0.434		0.433		0.411		0.445		0.408		0.421		0.399

		14		T		B								0.360		0.377		0.370		0.367		0.384		0.386		0.378		0.388		0.367		0.368

		15		B		B				0.402		0.396		0.395		0.412		0.415		0.411		0.449		0.426		0.414		0.391		0.409		0.396		0.413		0.398

		15		T		B								0.312		0.336		0.345		0.347		0.329		0.333		0.356		0.343		0.350		0.318

		16		B		B				0.336		0.342		0.375		0.392		0.403		0.443		0.423		0.424		0.450		0.413		0.399		0.366		0.355		0.349

		16		T		B								0.352		0.342		0.350		0.365		0.359		0.383		0.364		0.374		0.354		0.335

		17		B		B				0.359		0.374		0.400		0.399		0.381		0.407		0.414		0.422		0.431		0.381		0.392		0.395		0.369		0.351

		17		T		B								0.337		0.330		0.368		0.392		0.369		0.361		0.376		0.370		0.356		0.355

		18		B		B		0.405		0.418		0.404		0.429		0.444		0.441		0.414		0.354		0.349		0.407		0.444		0.420		0.389		0.378		0.385		0.371																0.405

		18		T		B								0.348		0.376		0.368		0.368		0.353		0.379		0.376		0.366		0.356		0.353

		19		B		B		0.347		0.376		0.385		0.381		0.391		0.415		0.412		0.386		0.400		0.403		0.412		0.391		0.393		0.388		0.387		0.363																0.347

		19		T		B								0.316		0.349		0.376		0.412		0.355		0.339		0.355		0.351		0.357		0.328

		20		B		B		0.367		0.368		0.376		0.376		0.390		0.406		0.442		0.379		0.398		0.418		0.421		0.384		0.407		0.387		0.374		0.362																0.367

		20		T		B								0.322		0.343		0.357		0.358		0.345		0.375		0.339		0.345		0.350		0.296

		21		B		B						0.375		0.388		0.421		0.405		0.410		0.425		0.463		0.410		0.389		0.399		0.388		0.379

		21		T		B										0.373		0.388		0.387		0.379		0.389		0.387		0.388		0.391

		22		B		B								0.382		0.367		0.422		0.426		0.403		0.397		0.408		0.437		0.373		0.382

		22		T		B												0.357		0.364		0.364		0.370		0.352		0.359

		23		B		B						0.406		0.448		0.440		0.438		0.450		0.394		0.416		0.441		0.408		0.443		0.461		0.413

		23		T		B										0.431		0.417		0.430		0.383		0.371		0.420		0.383		0.424

		24		B		B						0.381		0.393		0.400		0.394		0.387		0.425		0.402		0.390		0.413		0.406		0.368		0.358

		24		T		B												0.428		0.367		0.342		0.417		0.363		0.375

		25		B		B						0.369		0.382		0.415		0.402		0.414		0.444		0.416		0.416		0.403		0.408		0.392		0.386

		25		T		B										0.447		0.525		0.410		0.349		0.379		0.414		0.399		0.399

		26		B		B						0.354		0.380		0.404		0.420		0.464		0.405		0.388		0.465		0.414		0.424		0.404		0.397

		26		T		B												0.325		0.342		0.375		0.387		0.375		0.328

		27		B		B						0.389		0.395		0.450		0.419		0.413		0.341		0.341		0.428		0.450		0.417		0.369		0.378

		27		T		B										0.331		0.358		0.369		0.383		0.395		0.373		0.342		0.334

		28		B		B						0.364		0.361		0.378		0.386		0.396		0.472		0.424		0.385		0.378		0.356		0.355		0.346

		28		T		B										0.315		0.316		0.353		0.392		0.373		0.347		0.322		0.307

		29		B		B						0.371		0.397		0.432		0.433		0.444		0.402		0.393		0.414		0.395		0.405		0.412		0.389

		29		T		B										0.362		0.362		0.396		0.383		0.348		0.394		0.372		0.353

		30		B		B						0.364		0.371		0.404		0.408		0.421		0.397		0.405		0.404		0.403		0.439		0.411		0.347

		30		T		B										0.344		0.366		0.357		0.403		0.401		0.356		0.365		0.355

		31		B		B						0.432		0.441		0.479		0.437		0.442		0.387		0.374		0.468		0.464		0.455		0.448		0.406

		31		T		B										0.388		0.381		0.414		0.363		0.353		0.407		0.364		0.355

		32		B		B						0.426		0.445		0.447		0.458		0.503		0.470		0.449		0.519		0.457		0.441		0.446		0.414

		32		T		B										0.367		0.395		0.407		0.410		0.444		0.421		0.421		0.382

		33		B		B						0.352		0.401		0.445		0.436		0.439		0.386		0.393		0.452		0.414		0.417		0.377		0.345

		33		T		B										0.339		0.348		0.375		0.375		0.372		0.362		0.325		0.344

		34		B		B						0.432		0.477		0.470		0.445		0.473		0.390		0.397		0.434		0.420		0.463		0.468		0.434

		34		T		B												0.351		0.374		0.414		0.396		0.375		0.359

		35		B		B						0.454		0.493		0.482		0.463		0.487		0.462		0.443		0.496		0.461		0.453		0.477		0.470

		35		T		B												0.380		0.422		0.402		0.371		0.365		0.360

		36		B		B						0.405		0.415		0.449		0.439		0.463		0.416		0.401		0.473		0.470		0.463		0.423		0.387

		36		T		B										0.344		0.354		0.368		0.346		0.347		0.376		0.352		0.357

		37		B		B						0.414		0.443		0.476		0.489		0.508		0.381		0.381		0.450		0.447		0.452		0.417		0.403

		37		T		B										0.372		0.382		0.401		0.425		0.401		0.395		0.375		0.347

		38		B		B						0.411		0.436		0.475		0.480		0.505		0.425		0.409		0.528		0.496		0.470		0.436		0.412

		38		T		B										0.396		0.414		0.362		0.411		0.452		0.547		0.495		0.413

		39		B		B						0.399		0.439		0.465		0.460		0.492		0.364		0.356		0.460		0.459		0.454		0.433		0.411

		39		T		B										0.373		0.369		0.402		0.361		0.350		0.390		0.368		0.344

		40		B		B						0.385		0.427		0.456		0.470		0.465		0.378		0.397		0.491		0.463		0.466		0.450		0.389

		40		T		B										0.345		0.375		0.370		0.375		0.379		0.382		0.360		0.319

								0.405		0.418		0.454		0.493		0.482		0.525		0.508		0.516		0.519		0.547		0.496		0.470		0.477		0.470		0.417		0.371

								0.347		0.336		0.342		0.306		0.315		0.316		0.342		0.329		0.313		0.339		0.322		0.307		0.296		0.345		0.345		0.344

																																						0.296

		average:						0.373		0.378		0.388		0.392		0.394		0.399		0.411		0.395		0.394		0.411		0.396		0.390		0.390		0.391		0.375		0.360
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Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for
 Average of all 40 Trees

0.37775

0.3878717949

0.409075

0.3393076923

0.4261

0.3573428571

0.427125

0.37165

0.441675

0.379575

0.411375

0.3787

0.4094

0.379525

0.440025

0.381175

0.424725

0.367125

0.422575

0.3536

0.4066

0.3379230769

0.3908717949

0.3750625



Sp. gr. avgs

								8		7		6		5		4		3		2		1		1		2		3		4		5		6		7		8

		1		B		B				0.398		0.418		0.446		0.424		0.429		0.477		0.389		0.313		0.451		0.413		0.414		0.445		0.422		0.393

		2		B		B						0.358		0.359		0.416		0.454		0.432		0.446		0.433		0.424		0.451		0.434		0.366		0.365

		3		B		B				0.407		0.407		0.443		0.442		0.418		0.459		0.386		0.416		0.460		0.410		0.455		0.423		0.388		0.394

		4		B		B						0.395		0.432		0.417		0.431		0.445		0.477		0.519		0.461		0.453		0.412		0.406		0.380

		5		B		B				0.366		0.387		0.416		0.441		0.429		0.436		0.435		0.404		0.426		0.419		0.445		0.407		0.376		0.345

		6		B		B				0.366		0.370		0.399		0.424		0.405		0.436		0.402		0.425		0.423		0.399		0.439		0.399		0.379		0.356

		7		B		B				0.348		0.395		0.456		0.454		0.429		0.450		0.423		0.459		0.429		0.416		0.423		0.426		0.387		0.348

		8		B		B						0.388		0.414		0.431		0.442		0.461		0.516		0.468		0.427		0.418		0.427		0.381		0.402

		9		B		B				0.372		0.388		0.417		0.420		0.401		0.433		0.437		0.488		0.456		0.428		0.417		0.390		0.432		0.417

		10		B		B						0.367		0.371		0.398		0.417		0.417		0.373		0.375		0.410		0.427		0.402		0.384		0.389

		11		B		B				0.383		0.362		0.376		0.404		0.391		0.432		0.414		0.418		0.446		0.403		0.411		0.415		0.389		0.377

		12		B		B				0.367		0.387		0.380		0.384		0.398		0.422		0.399		0.407		0.433		0.392		0.387		0.388		0.391		0.363

		13		B		B		0.374		0.376		0.363		0.398		0.407		0.468		0.435		0.371		0.353		0.467		0.446		0.393		0.363		0.369		0.365		0.344																0.374

		14		B		B				0.402		0.382		0.386		0.399		0.408		0.401		0.415		0.434		0.433		0.411		0.445		0.408		0.421		0.399

		15		B		B				0.402		0.396		0.395		0.412		0.415		0.411		0.449		0.426		0.414		0.391		0.409		0.396		0.413		0.398

		16		B		B				0.336		0.342		0.375		0.392		0.403		0.443		0.423		0.424		0.450		0.413		0.399		0.366		0.355		0.349

		17		B		B				0.359		0.374		0.400		0.399		0.381		0.407		0.414		0.422		0.431		0.381		0.392		0.395		0.369		0.351

		18		B		B		0.405		0.418		0.404		0.429		0.444		0.441		0.414		0.354		0.349		0.407		0.444		0.420		0.389		0.378		0.385		0.371																0.405

		19		B		B		0.347		0.376		0.385		0.381		0.391		0.415		0.412		0.386		0.400		0.403		0.412		0.391		0.393		0.388		0.387		0.363																0.347

		20		B		B		0.367		0.368		0.376		0.376		0.390		0.406		0.442		0.379		0.398		0.418		0.421		0.384		0.407		0.387		0.374		0.362																0.367

		21		B		B						0.375		0.388		0.421		0.405		0.410		0.425		0.463		0.410		0.389		0.399		0.388		0.379

		22		B		B								0.382		0.367		0.422		0.426		0.403		0.397		0.408		0.437		0.373		0.382

		23		B		B						0.406		0.448		0.440		0.438		0.450		0.394		0.416		0.441		0.408		0.443		0.461		0.413

		24		B		B						0.381		0.393		0.400		0.394		0.387		0.425		0.402		0.390		0.413		0.406		0.368		0.358

		25		B		B						0.369		0.382		0.415		0.402		0.414		0.444		0.416		0.416		0.403		0.408		0.392		0.386

		26		B		B						0.354		0.380		0.404		0.420		0.464		0.405		0.388		0.465		0.414		0.424		0.404		0.397

		27		B		B						0.389		0.395		0.450		0.419		0.413		0.341		0.341		0.428		0.450		0.417		0.369		0.378

		28		B		B						0.364		0.361		0.378		0.386		0.396		0.472		0.424		0.385		0.378		0.356		0.355		0.346

		29		B		B						0.371		0.397		0.432		0.433		0.444		0.402		0.393		0.414		0.395		0.405		0.412		0.389

		30		B		B						0.364		0.371		0.404		0.408		0.421		0.397		0.405		0.404		0.403		0.439		0.411		0.347

		31		B		B						0.432		0.441		0.479		0.437		0.442		0.387		0.374		0.468		0.464		0.455		0.448		0.406

		32		B		B						0.426		0.445		0.447		0.458		0.503		0.470		0.449		0.519		0.457		0.441		0.446		0.414

		33		B		B						0.352		0.401		0.445		0.436		0.439		0.386		0.393		0.452		0.414		0.417		0.377		0.345

		34		B		B						0.432		0.477		0.470		0.445		0.473		0.390		0.397		0.434		0.420		0.463		0.468		0.434

		35		B		B						0.454		0.493		0.482		0.463		0.487		0.462		0.443		0.496		0.461		0.453		0.477		0.470

		36		B		B						0.405		0.415		0.449		0.439		0.463		0.416		0.401		0.473		0.470		0.463		0.423		0.387

		37		B		B						0.414		0.443		0.476		0.489		0.508		0.381		0.381		0.450		0.447		0.452		0.417		0.403

		38		B		B						0.411		0.436		0.475		0.480		0.505		0.425		0.409		0.528		0.496		0.470		0.436		0.412

		39		B		B						0.399		0.439		0.465		0.460		0.492		0.364		0.356		0.460		0.459		0.454		0.433		0.411

		40		B		B						0.385		0.427		0.456		0.470		0.465		0.378		0.397		0.491		0.463		0.466		0.450		0.389

		average:								0.378		0.388		0.409		0.426		0.427		0.442		0.411		0.409		0.440		0.425		0.423		0.407		0.391		0.375

		1		T		B										0.324		0.339		0.357		0.395		0.364		0.352		0.339		0.312

		2		T		B										0.342		0.358		0.389		0.397		0.366		0.392		0.345		0.336

		3		T		B										0.327		0.346		0.379		0.388		0.394		0.407		0.364		0.334

		4		T		B								0.336		0.376		0.389		0.459		0.415		0.470		0.398		0.432		0.355		0.348

		5		T		B										0.323		0.346		0.377		0.405		0.397		0.374		0.344		0.331

		6		T		B										0.374		0.350		0.358		0.361		0.366		0.341		0.327		0.333

		7		T		B										0.322		0.346		0.371		0.390		0.386		0.381		0.357		0.343

		8		T		B										0.339		0.347		0.365		0.380		0.393		0.395		0.380		0.349

		9		T		B								0.306		0.330		0.379		0.382		0.348		0.370		0.376		0.375		0.381		0.320

		10		T		B								0.346		0.362		0.391		0.355		0.410		0.364		0.405		0.405		0.358		0.348

		11		T		B								0.316		0.329		0.360		0.368		0.365		0.380		0.345		0.340		0.352		0.332

		12		T		B								0.382		0.390		0.374		0.368		0.423		0.344		0.384		0.383		0.349		0.356

		13		T		B								0.378		0.389		0.416		0.376		0.342		0.336		0.352		0.345		0.329		0.336

		14		T		B								0.360		0.377		0.370		0.367		0.384		0.386		0.378		0.388		0.367		0.368

		15		T		B								0.312		0.336		0.345		0.347		0.329		0.333		0.356		0.343		0.350		0.318

		16		T		B								0.352		0.342		0.350		0.365		0.359		0.383		0.364		0.374		0.354		0.335

		17		T		B								0.337		0.330		0.368		0.392		0.369		0.361		0.376		0.370		0.356		0.355

		18		T		B								0.348		0.376		0.368		0.368		0.353		0.379		0.376		0.366		0.356		0.353

		19		T		B								0.316		0.349		0.376		0.412		0.355		0.339		0.355		0.351		0.357		0.328

		20		T		B								0.322		0.343		0.357		0.358		0.345		0.375		0.339		0.345		0.350		0.296

		21		T		B										0.373		0.388		0.387		0.379		0.389		0.387		0.388		0.391

		22		T		B												0.357		0.364		0.364		0.370		0.352		0.359

		23		T		B										0.431		0.417		0.430		0.383		0.371		0.420		0.383		0.424

		24		T		B												0.428		0.367		0.342		0.417		0.363		0.375

		25		T		B										0.447		0.525		0.410		0.349		0.379		0.414		0.399		0.399

		26		T		B												0.325		0.342		0.375		0.387		0.375		0.328

		27		T		B										0.331		0.358		0.369		0.383		0.395		0.373		0.342		0.334

		28		T		B										0.315		0.316		0.353		0.392		0.373		0.347		0.322		0.307

		29		T		B										0.362		0.362		0.396		0.383		0.348		0.394		0.372		0.353

		30		T		B										0.344		0.366		0.357		0.403		0.401		0.356		0.365		0.355

		31		T		B										0.388		0.381		0.414		0.363		0.353		0.407		0.364		0.355

		32		T		B										0.367		0.395		0.407		0.410		0.444		0.421		0.421		0.382

		33		T		B										0.339		0.348		0.375		0.375		0.372		0.362		0.325		0.344

		34		T		B												0.351		0.374		0.414		0.396		0.375		0.359

		35		T		B												0.380		0.422		0.402		0.371		0.365		0.360

		36		T		B										0.344		0.354		0.368		0.346		0.347		0.376		0.352		0.357

		37		T		B										0.372		0.382		0.401		0.425		0.401		0.395		0.375		0.347

		38		T		B										0.396		0.414		0.362		0.411		0.452		0.547		0.495		0.413

		39		T		B										0.373		0.369		0.402		0.361		0.350		0.390		0.368		0.344

		40		T		B										0.345		0.375		0.370		0.375		0.379		0.382		0.360		0.319

		average:												0.339		0.357		0.372		0.380		0.379		0.380		0.381		0.367		0.354		0.338
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Ring by Ring Specific Gravity Profile for Tree No. 35
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Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 4

0.395

0.432

0.336

0.417

0.376

0.431

0.389

0.445

0.459

0.477

0.415

0.519

0.47

0.461

0.398

0.453

0.432

0.412

0.355

0.406

0.348

0.38
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Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 3

0.407

0.407

0.443

0.442

0.327

0.418

0.346

0.459

0.379

0.386

0.388

0.416

0.394

0.46

0.407

0.41

0.364

0.455

0.334

0.423

0.388

0.394
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Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 2

0.358

0.359

0.416

0.342

0.454

0.358

0.432

0.389

0.446

0.397

0.433

0.366

0.424

0.392

0.451

0.345

0.434

0.336

0.366

0.365
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Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for Tree No. 1

0.398

0.418

0.446

0.424

0.324

0.429

0.339

0.477

0.357

0.389

0.395

0.313

0.364

0.451

0.352

0.413

0.339

0.414

0.312

0.445

0.422

0.393



Sp. gr. data

								8		7		6		5		4		3		2		1		1		2		3		4		5		6		7		8

		1		B		B				0.398		0.418		0.446		0.424		0.429		0.477		0.389		0.313		0.451		0.413		0.414		0.445		0.422		0.393

		1		T		B										0.324		0.339		0.357		0.395		0.364		0.352		0.339		0.312

		2		B		B						0.358		0.359		0.416		0.454		0.432		0.446		0.433		0.424		0.451		0.434		0.366		0.365

		2		T		B										0.342		0.358		0.389		0.397		0.366		0.392		0.345		0.336

		3		B		B				0.407		0.407		0.443		0.442		0.418		0.459		0.386		0.416		0.460		0.410		0.455		0.423		0.388		0.394

		3		T		B										0.327		0.346		0.379		0.388		0.394		0.407		0.364		0.334

		4		B		B						0.395		0.432		0.417		0.431		0.445		0.477		0.519		0.461		0.453		0.412		0.406		0.380

		4		T		B								0.336		0.376		0.389		0.459		0.415		0.470		0.398		0.432		0.355		0.348

		5		B		B				0.366		0.387		0.416		0.441		0.429		0.436		0.435		0.404		0.426		0.419		0.445		0.407		0.376		0.345

		5		T		B										0.323		0.346		0.377		0.405		0.397		0.374		0.344		0.331

		6		B		B				0.366		0.370		0.399		0.424		0.405		0.436		0.402		0.425		0.423		0.399		0.439		0.399		0.379		0.356

		6		T		B										0.374		0.350		0.358		0.361		0.366		0.341		0.327		0.333

		7		B		B				0.348		0.395		0.456		0.454		0.429		0.450		0.423		0.459		0.429		0.416		0.423		0.426		0.387		0.348

		7		T		B										0.322		0.346		0.371		0.390		0.386		0.381		0.357		0.343

		8		B		B						0.388		0.414		0.431		0.442		0.461		0.516		0.468		0.427		0.418		0.427		0.381		0.402

		8		T		B										0.339		0.347		0.365		0.380		0.393		0.395		0.380		0.349

		9		B		B				0.372		0.388		0.417		0.420		0.401		0.433		0.437		0.488		0.456		0.428		0.417		0.390		0.432		0.417

		9		T		B								0.306		0.330		0.379		0.382		0.348		0.370		0.376		0.375		0.381		0.320

		10		B		B						0.367		0.371		0.398		0.417		0.417		0.373		0.375		0.410		0.427		0.402		0.384		0.389

		10		T		B								0.346		0.362		0.391		0.355		0.410		0.364		0.405		0.405		0.358		0.348

		11		B		B				0.383		0.362		0.376		0.404		0.391		0.432		0.414		0.418		0.446		0.403		0.411		0.415		0.389		0.377

		11		T		B								0.316		0.329		0.360		0.368		0.365		0.380		0.345		0.340		0.352		0.332

		12		B		B				0.367		0.387		0.380		0.384		0.398		0.422		0.399		0.407		0.433		0.392		0.387		0.388		0.391		0.363

		12		T		B								0.382		0.390		0.374		0.368		0.423		0.344		0.384		0.383		0.349		0.356

		13		B		B		0.374		0.376		0.363		0.398		0.407		0.468		0.435		0.371		0.353		0.467		0.446		0.393		0.363		0.369		0.365		0.344																0.374

		13		T		B								0.378		0.389		0.416		0.376		0.342		0.336		0.352		0.345		0.329		0.336

		14		B		B				0.402		0.382		0.386		0.399		0.408		0.401		0.415		0.434		0.433		0.411		0.445		0.408		0.421		0.399

		14		T		B								0.360		0.377		0.370		0.367		0.384		0.386		0.378		0.388		0.367		0.368

		15		B		B				0.402		0.396		0.395		0.412		0.415		0.411		0.449		0.426		0.414		0.391		0.409		0.396		0.413		0.398

		15		T		B								0.312		0.336		0.345		0.347		0.329		0.333		0.356		0.343		0.350		0.318

		16		B		B				0.336		0.342		0.375		0.392		0.403		0.443		0.423		0.424		0.450		0.413		0.399		0.366		0.355		0.349

		16		T		B								0.352		0.342		0.350		0.365		0.359		0.383		0.364		0.374		0.354		0.335

		17		B		B				0.359		0.374		0.400		0.399		0.381		0.407		0.414		0.422		0.431		0.381		0.392		0.395		0.369		0.351

		17		T		B								0.337		0.330		0.368		0.392		0.369		0.361		0.376		0.370		0.356		0.355

		18		B		B		0.405		0.418		0.404		0.429		0.444		0.441		0.414		0.354		0.349		0.407		0.444		0.420		0.389		0.378		0.385		0.371																0.405

		18		T		B								0.348		0.376		0.368		0.368		0.353		0.379		0.376		0.366		0.356		0.353

		19		B		B		0.347		0.376		0.385		0.381		0.391		0.415		0.412		0.386		0.400		0.403		0.412		0.391		0.393		0.388		0.387		0.363																0.347

		19		T		B								0.316		0.349		0.376		0.412		0.355		0.339		0.355		0.351		0.357		0.328

		20		B		B		0.367		0.368		0.376		0.376		0.390		0.406		0.442		0.379		0.398		0.418		0.421		0.384		0.407		0.387		0.374		0.362																0.367

		20		T		B								0.322		0.343		0.357		0.358		0.345		0.375		0.339		0.345		0.350		0.296

		21		B		B						0.375		0.388		0.421		0.405		0.410		0.425		0.463		0.410		0.389		0.399		0.388		0.379

		21		T		B										0.373		0.388		0.387		0.379		0.389		0.387		0.388		0.391

		22		B		B								0.382		0.367		0.422		0.426		0.403		0.397		0.408		0.437		0.373		0.382

		22		T		B												0.357		0.364		0.364		0.370		0.352		0.359

		23		B		B						0.406		0.448		0.440		0.438		0.450		0.394		0.416		0.441		0.408		0.443		0.461		0.413

		23		T		B										0.431		0.417		0.430		0.383		0.371		0.420		0.383		0.424

		24		B		B						0.381		0.393		0.400		0.394		0.387		0.425		0.402		0.390		0.413		0.406		0.368		0.358

		24		T		B												0.428		0.367		0.342		0.417		0.363		0.375

		25		B		B						0.369		0.382		0.415		0.402		0.414		0.444		0.416		0.416		0.403		0.408		0.392		0.386

		25		T		B										0.447		0.525		0.410		0.349		0.379		0.414		0.399		0.399

		26		B		B						0.354		0.380		0.404		0.420		0.464		0.405		0.388		0.465		0.414		0.424		0.404		0.397

		26		T		B												0.325		0.342		0.375		0.387		0.375		0.328

		27		B		B						0.389		0.395		0.450		0.419		0.413		0.341		0.341		0.428		0.450		0.417		0.369		0.378

		27		T		B										0.331		0.358		0.369		0.383		0.395		0.373		0.342		0.334

		28		B		B						0.364		0.361		0.378		0.386		0.396		0.472		0.424		0.385		0.378		0.356		0.355		0.346

		28		T		B										0.315		0.316		0.353		0.392		0.373		0.347		0.322		0.307

		29		B		B						0.371		0.397		0.432		0.433		0.444		0.402		0.393		0.414		0.395		0.405		0.412		0.389

		29		T		B										0.362		0.362		0.396		0.383		0.348		0.394		0.372		0.353

		30		B		B						0.364		0.371		0.404		0.408		0.421		0.397		0.405		0.404		0.403		0.439		0.411		0.347

		30		T		B										0.344		0.366		0.357		0.403		0.401		0.356		0.365		0.355

		31		B		B						0.432		0.441		0.479		0.437		0.442		0.387		0.374		0.468		0.464		0.455		0.448		0.406

		31		T		B										0.388		0.381		0.414		0.363		0.353		0.407		0.364		0.355

		32		B		B						0.426		0.445		0.447		0.458		0.503		0.470		0.449		0.519		0.457		0.441		0.446		0.414

		32		T		B										0.367		0.395		0.407		0.410		0.444		0.421		0.421		0.382

		33		B		B						0.352		0.401		0.445		0.436		0.439		0.386		0.393		0.452		0.414		0.417		0.377		0.345

		33		T		B										0.339		0.348		0.375		0.375		0.372		0.362		0.325		0.344

		34		B		B						0.432		0.477		0.470		0.445		0.473		0.390		0.397		0.434		0.420		0.463		0.468		0.434

		34		T		B												0.351		0.374		0.414		0.396		0.375		0.359

		35		B		B						0.454		0.493		0.482		0.463		0.487		0.462		0.443		0.496		0.461		0.453		0.477		0.470

		35		T		B												0.380		0.422		0.402		0.371		0.365		0.360

		36		B		B						0.405		0.415		0.449		0.439		0.463		0.416		0.401		0.473		0.470		0.463		0.423		0.387

		36		T		B										0.344		0.354		0.368		0.346		0.347		0.376		0.352		0.357

		37		B		B						0.414		0.443		0.476		0.489		0.508		0.381		0.381		0.450		0.447		0.452		0.417		0.403

		37		T		B										0.372		0.382		0.401		0.425		0.401		0.395		0.375		0.347

		38		B		B						0.411		0.436		0.475		0.480		0.505		0.425		0.409		0.528		0.496		0.470		0.436		0.412

		38		T		B										0.396		0.414		0.362		0.411		0.452		0.547		0.495		0.413

		39		B		B						0.399		0.439		0.465		0.460		0.492		0.364		0.356		0.460		0.459		0.454		0.433		0.411

		39		T		B										0.373		0.369		0.402		0.361		0.350		0.390		0.368		0.344

		40		B		B						0.385		0.427		0.456		0.470		0.465		0.378		0.397		0.491		0.463		0.466		0.450		0.389

		40		T		B										0.345		0.375		0.370		0.375		0.379		0.382		0.360		0.319

								0.405		0.418		0.454		0.493		0.482		0.525		0.508		0.516		0.519		0.547		0.496		0.470		0.477		0.470		0.417		0.371

								0.347		0.336		0.342		0.306		0.315		0.316		0.342		0.329		0.313		0.339		0.322		0.307		0.296		0.345		0.345		0.344

																																						0.296

		average:						0.373		0.378		0.388		0.392		0.394		0.399		0.411		0.395		0.394		0.411		0.396		0.390		0.390		0.391		0.375		0.360
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Bottom height

Top height

Ring number from pith (side 'A' on the left)

Specific Gravity
(O. D. wt./green vol.)

Ring by Ring Specific Gravity Profile for
 Average of all 40 Trees

0.37775

0.3878717949

0.409075

0.3393076923

0.4261

0.3573428571

0.427125

0.37165

0.441675

0.379575

0.411375

0.3787

0.4094

0.379525

0.440025

0.381175

0.424725

0.367125

0.422575

0.3536

0.4066

0.3379230769

0.3908717949

0.3750625



Sp. gr. avgs

								8		7		6		5		4		3		2		1		1		2		3		4		5		6		7		8

		1		B		B				0.398		0.418		0.446		0.424		0.429		0.477		0.389		0.313		0.451		0.413		0.414		0.445		0.422		0.393

		2		B		B						0.358		0.359		0.416		0.454		0.432		0.446		0.433		0.424		0.451		0.434		0.366		0.365

		3		B		B				0.407		0.407		0.443		0.442		0.418		0.459		0.386		0.416		0.460		0.410		0.455		0.423		0.388		0.394

		4		B		B						0.395		0.432		0.417		0.431		0.445		0.477		0.519		0.461		0.453		0.412		0.406		0.380

		5		B		B				0.366		0.387		0.416		0.441		0.429		0.436		0.435		0.404		0.426		0.419		0.445		0.407		0.376		0.345

		6		B		B				0.366		0.370		0.399		0.424		0.405		0.436		0.402		0.425		0.423		0.399		0.439		0.399		0.379		0.356

		7		B		B				0.348		0.395		0.456		0.454		0.429		0.450		0.423		0.459		0.429		0.416		0.423		0.426		0.387		0.348

		8		B		B						0.388		0.414		0.431		0.442		0.461		0.516		0.468		0.427		0.418		0.427		0.381		0.402

		9		B		B				0.372		0.388		0.417		0.420		0.401		0.433		0.437		0.488		0.456		0.428		0.417		0.390		0.432		0.417

		10		B		B						0.367		0.371		0.398		0.417		0.417		0.373		0.375		0.410		0.427		0.402		0.384		0.389

		11		B		B				0.383		0.362		0.376		0.404		0.391		0.432		0.414		0.418		0.446		0.403		0.411		0.415		0.389		0.377

		12		B		B				0.367		0.387		0.380		0.384		0.398		0.422		0.399		0.407		0.433		0.392		0.387		0.388		0.391		0.363

		13		B		B		0.374		0.376		0.363		0.398		0.407		0.468		0.435		0.371		0.353		0.467		0.446		0.393		0.363		0.369		0.365		0.344																0.374

		14		B		B				0.402		0.382		0.386		0.399		0.408		0.401		0.415		0.434		0.433		0.411		0.445		0.408		0.421		0.399

		15		B		B				0.402		0.396		0.395		0.412		0.415		0.411		0.449		0.426		0.414		0.391		0.409		0.396		0.413		0.398

		16		B		B				0.336		0.342		0.375		0.392		0.403		0.443		0.423		0.424		0.450		0.413		0.399		0.366		0.355		0.349

		17		B		B				0.359		0.374		0.400		0.399		0.381		0.407		0.414		0.422		0.431		0.381		0.392		0.395		0.369		0.351

		18		B		B		0.405		0.418		0.404		0.429		0.444		0.441		0.414		0.354		0.349		0.407		0.444		0.420		0.389		0.378		0.385		0.371																0.405

		19		B		B		0.347		0.376		0.385		0.381		0.391		0.415		0.412		0.386		0.400		0.403		0.412		0.391		0.393		0.388		0.387		0.363																0.347

		20		B		B		0.367		0.368		0.376		0.376		0.390		0.406		0.442		0.379		0.398		0.418		0.421		0.384		0.407		0.387		0.374		0.362																0.367

		21		B		B						0.375		0.388		0.421		0.405		0.410		0.425		0.463		0.410		0.389		0.399		0.388		0.379

		22		B		B								0.382		0.367		0.422		0.426		0.403		0.397		0.408		0.437		0.373		0.382

		23		B		B						0.406		0.448		0.440		0.438		0.450		0.394		0.416		0.441		0.408		0.443		0.461		0.413

		24		B		B						0.381		0.393		0.400		0.394		0.387		0.425		0.402		0.390		0.413		0.406		0.368		0.358

		25		B		B						0.369		0.382		0.415		0.402		0.414		0.444		0.416		0.416		0.403		0.408		0.392		0.386

		26		B		B						0.354		0.380		0.404		0.420		0.464		0.405		0.388		0.465		0.414		0.424		0.404		0.397

		27		B		B						0.389		0.395		0.450		0.419		0.413		0.341		0.341		0.428		0.450		0.417		0.369		0.378

		28		B		B						0.364		0.361		0.378		0.386		0.396		0.472		0.424		0.385		0.378		0.356		0.355		0.346

		29		B		B						0.371		0.397		0.432		0.433		0.444		0.402		0.393		0.414		0.395		0.405		0.412		0.389

		30		B		B						0.364		0.371		0.404		0.408		0.421		0.397		0.405		0.404		0.403		0.439		0.411		0.347

		31		B		B						0.432		0.441		0.479		0.437		0.442		0.387		0.374		0.468		0.464		0.455		0.448		0.406

		32		B		B						0.426		0.445		0.447		0.458		0.503		0.470		0.449		0.519		0.457		0.441		0.446		0.414

		33		B		B						0.352		0.401		0.445		0.436		0.439		0.386		0.393		0.452		0.414		0.417		0.377		0.345

		34		B		B						0.432		0.477		0.470		0.445		0.473		0.390		0.397		0.434		0.420		0.463		0.468		0.434

		35		B		B						0.454		0.493		0.482		0.463		0.487		0.462		0.443		0.496		0.461		0.453		0.477		0.470

		36		B		B						0.405		0.415		0.449		0.439		0.463		0.416		0.401		0.473		0.470		0.463		0.423		0.387

		37		B		B						0.414		0.443		0.476		0.489		0.508		0.381		0.381		0.450		0.447		0.452		0.417		0.403

		38		B		B						0.411		0.436		0.475		0.480		0.505		0.425		0.409		0.528		0.496		0.470		0.436		0.412

		39		B		B						0.399		0.439		0.465		0.460		0.492		0.364		0.356		0.460		0.459		0.454		0.433		0.411

		40		B		B						0.385		0.427		0.456		0.470		0.465		0.378		0.397		0.491		0.463		0.466		0.450		0.389

		average:								0.378		0.388		0.409		0.426		0.427		0.442		0.411		0.409		0.440		0.425		0.423		0.407		0.391		0.375

		1		T		B										0.324		0.339		0.357		0.395		0.364		0.352		0.339		0.312

		2		T		B										0.342		0.358		0.389		0.397		0.366		0.392		0.345		0.336

		3		T		B										0.327		0.346		0.379		0.388		0.394		0.407		0.364		0.334

		4		T		B								0.336		0.376		0.389		0.459		0.415		0.470		0.398		0.432		0.355		0.348

		5		T		B										0.323		0.346		0.377		0.405		0.397		0.374		0.344		0.331

		6		T		B										0.374		0.350		0.358		0.361		0.366		0.341		0.327		0.333

		7		T		B										0.322		0.346		0.371		0.390		0.386		0.381		0.357		0.343

		8		T		B										0.339		0.347		0.365		0.380		0.393		0.395		0.380		0.349

		9		T		B								0.306		0.330		0.379		0.382		0.348		0.370		0.376		0.375		0.381		0.320

		10		T		B								0.346		0.362		0.391		0.355		0.410		0.364		0.405		0.405		0.358		0.348

		11		T		B								0.316		0.329		0.360		0.368		0.365		0.380		0.345		0.340		0.352		0.332

		12		T		B								0.382		0.390		0.374		0.368		0.423		0.344		0.384		0.383		0.349		0.356

		13		T		B								0.378		0.389		0.416		0.376		0.342		0.336		0.352		0.345		0.329		0.336

		14		T		B								0.360		0.377		0.370		0.367		0.384		0.386		0.378		0.388		0.367		0.368

		15		T		B								0.312		0.336		0.345		0.347		0.329		0.333		0.356		0.343		0.350		0.318

		16		T		B								0.352		0.342		0.350		0.365		0.359		0.383		0.364		0.374		0.354		0.335

		17		T		B								0.337		0.330		0.368		0.392		0.369		0.361		0.376		0.370		0.356		0.355

		18		T		B								0.348		0.376		0.368		0.368		0.353		0.379		0.376		0.366		0.356		0.353

		19		T		B								0.316		0.349		0.376		0.412		0.355		0.339		0.355		0.351		0.357		0.328

		20		T		B								0.322		0.343		0.357		0.358		0.345		0.375		0.339		0.345		0.350		0.296

		21		T		B										0.373		0.388		0.387		0.379		0.389		0.387		0.388		0.391

		22		T		B												0.357		0.364		0.364		0.370		0.352		0.359

		23		T		B										0.431		0.417		0.430		0.383		0.371		0.420		0.383		0.424

		24		T		B												0.428		0.367		0.342		0.417		0.363		0.375

		25		T		B										0.447		0.525		0.410		0.349		0.379		0.414		0.399		0.399

		26		T		B												0.325		0.342		0.375		0.387		0.375		0.328

		27		T		B										0.331		0.358		0.369		0.383		0.395		0.373		0.342		0.334

		28		T		B										0.315		0.316		0.353		0.392		0.373		0.347		0.322		0.307

		29		T		B										0.362		0.362		0.396		0.383		0.348		0.394		0.372		0.353

		30		T		B										0.344		0.366		0.357		0.403		0.401		0.356		0.365		0.355

		31		T		B										0.388		0.381		0.414		0.363		0.353		0.407		0.364		0.355

		32		T		B										0.367		0.395		0.407		0.410		0.444		0.421		0.421		0.382

		33		T		B										0.339		0.348		0.375		0.375		0.372		0.362		0.325		0.344

		34		T		B												0.351		0.374		0.414		0.396		0.375		0.359

		35		T		B												0.380		0.422		0.402		0.371		0.365		0.360

		36		T		B										0.344		0.354		0.368		0.346		0.347		0.376		0.352		0.357

		37		T		B										0.372		0.382		0.401		0.425		0.401		0.395		0.375		0.347

		38		T		B										0.396		0.414		0.362		0.411		0.452		0.547		0.495		0.413

		39		T		B										0.373		0.369		0.402		0.361		0.350		0.390		0.368		0.344

		40		T		B										0.345		0.375		0.370		0.375		0.379		0.382		0.360		0.319

		average:												0.339		0.357		0.372		0.380		0.379		0.380		0.381		0.367		0.354		0.338







Disease and Cold Tolerance

We are doing cold tolerance testing and we constantly monitor 
the clonal field trials for cold damage. We screen the WSU lab 
cold tolerance results against field tests in Eastern OR. These 
have moved to eastern WA in the Pullman trials



Frankia
We grow parent plants in large pots (3 gallons or more) and 
use these as our source for Frankia inoculum.
The inoculum contains the mix that we have found best to 
date. We remove the nodules and process them to get a 
Frankia “soup” which we apply through the irrigation system. 
We also supply Weyerhaeuser Rochester with the same mix



Alder Breeding Program
Part of the agreement between WSU and 
Weyerhaeuser included starting an Alder breeding 
program this is in hand and we will be producing 
some superior alder seed and increasing the size of 
our seed orchard. You will see the start of this today. 
We also have sown this years seedling crop and are 
looking for sites to plant the seedlings where we can 
do selection in the future. Hancock will be planting 
some of these. We are hoping to tie this program 
into the WHC tree improvement effort. 



Red Alder Provenance Trial
In 1999 Nick Wheeler and myself installed 2 provenance trials in co-operation with USFS. 
One we sited on Longview and the second on the coast outside Aberdeen. We have 
measured those trials several times over the last 17 years – the latest measurement this 
year. We have also run selections through the best of those top provenances.
I cannot share all of the data as they are Weyerhaeuser trials. The trials however were 
comprised 350 provenance collections from California through Oregon and Washington 
and into BC up to Alaska.

The picture to the right 
shows the top 20 trees in 
the trial sorted by volume. 
The best tree was from N. 
California  followed by S OR 
provenances, Vancouver Is. 
Provenances, and N WA 
provenances. The best 
provenances overall were 
from N. BC and Vancouver 
Is.

ID DBH HT dbh inch ht ft vol
18 361 200 14.21 65.62 31.09

158 214 280 8.43 91.48 29.16
174 294 247 11.57 81.04 26.29 California
505 304 221 11.97 72.51 24.88 S OR
238 305 209 12.01 68.57 23.58 S WA
18 329 180 12.95 59.06 23.23 N WA

515 323 186 12.72 61.02 23.23 Vancouver Is.
276 309 197 12.17 64.63 22.69
517 295 212 11.61 69.55 22.46
93A 305 199 12.01 65.29 22.37
233 307 194 12.09 63.65 22.04
285 306 195 12.05 63.98 22.02
283 300 202 11.81 66.27 22.02
181 303 198 11.93 64.96 21.97
76 337 163 13.27 53.48 21.87
18 298 201 11.73 65.94 21.62

269 285 216 11.22 70.87 21.44
97 289 210 11.38 68.90 21.37

520 300 195 11.81 63.98 21.20
212 305 188 12.01 61.68 21.04



WSU Trial Removal at year 14
In 2016 we removed the 13 year old clonal trial at WSU to make space for the 
breeding orchard and left the breeding trees standing



Farm 5 WSU trial Growth
farm 5

12/30/2004 Dec-07 Dec-11
height at 3 years 7 yrs 10 yrs
Clone height (ft) CLONE ht ft dbh in ht ft dbh in
28 6.85 28 22.83 2.34
26 7.07 26 29.49 3.08
212 7.70 246 35.69 3.47
4 8.40 212 36.10 3.53
244 8.85 seedling 36.73 3.60
11 9.04 211 37.93 3.99
seedling 9.62 244 39.36 4.03
246 9.85 11 39.92 4.06
211 9.87 248 40.00 4.15
248 9.90 1 40.66 4.45
10 10.82 4 40.84 4.54
1 11.13 10 40.89 4.83 56.00 7.24
7 11.65 233 41.19 4.88 56.50 7.72
233 12.97 249 41.21 4.94 58.00 7.64
222 13.12 7 41.57 5.39 57.00 8.08
249 13.55 222 43.88 5.64 60.00 8.704
215 15.46 215 44.50 5.96 62.00 9.132



Trial Removal at year 14
The top 3 clones in the trial were between 10.5 inch 
and 12 inch DBH when felled at 14 yrs. and still at 
8x8 spacing. As you can see below they should have 
been thinned at 5 to 6 yrs. when diameter growth 
dropped to half an inch per year and decreasing



Close up for those who love to count rings



Production schedule
POSSIBLE GROWING PLAN

January parent plants in pots into the heated 
parent holding area of the nursery  (100 parents)

Mid February to end February 
take first set of cuttings set 
first 4000  

Mid April first 3400 
(85%) rooted cuttings 

Mid May, early 
June warm 
enough to go out 
and grow for 
another 10 weeks

Early August start 
chemical hardening

End March take next 
4500 cuttings

Mid may  3900 rooted  
(85%) cuttings to go 
outside

Mid August start 
hardening plants 12 
weeks growth

End April take 
next 5000 
cuttings

Mid June 4400 
(88%) cuttings go 
outside 

Early September start 
hardening 12 weeks 
growth

Mid October all 
plants stopped 
growing and on high 
P and K ferts only 

End November early 
December  plants ready 
for freezer depending on 
weather 

This system would give us  
11700 rooted cuttings from 
100 parent plants (33sq ft 
of parent plant  nursery 
holding space). This is the 
equivalent of  17 acres of 
plants at 680 to the acre. 

Current goals for red alder clones
2017(Fall): 5-10K plants
2018 (Spring): approx. 20K 
2019(funding dependent): 50-70K 
2020: approx. 100K
2021+ : continue with 100+K per 
year until facilities upgraded for 
higher production 

-can produce approx. 1.5 Million 
a year on existing space but will 
need more cold frames and 
infrastructure than we have 
currently.

-Our seed/breeding orchards 
should come online around 
2019/20 



Production parents in greenhouses

-control watering 
-control fertilizer

Why?
Ensures the best 
cutting conditions as 
cuttings must root 
within 4-6 weeks 
relying solely on the 
nutrients initially 
from the parent 
material.



Cuttings area

-rooted in prefilled 
trays produced by 
Earthpots in OR 

-formulation is a mix 
that is produced for 
Weyerhaeuser Alder

-frequently misted 
during daylight hours

-rooting takes 4 to 6 
weeks



Rooted cutting
Patents on the production system licensed to  
Weyerhaeuser:
-rely solely on parent plant nutrients from the 
day it is placed
-cannot add macro nutrients to the water system
-water is applied from batch tanks to remove the 
chlorine

The cutting on the right has recently rooted and 
will grow a little more before it is transplanted:
-media held in a paper casing (like a sausage)
-as the plant grows the roots will extend through 
the paper 
-the casing lasts for about 12 weeks and then 
disintegrates



Transplanting
Once the cutting is fully rooted (4-6wks):

-test cuttings by reducing water

-those with a good, full root system can 
easily withstand 2 hours without misting 
while still in the plug 

-cuttings that survive are transplanted 
into 45 cavity styros

-these are returned to misting at a 1 
hour interval to reduce transplant shock

-after 1 week ramped up to a more 
restricted watering regime with ferts

-finally transferred to a normal watering 
regime with ferts in the cold frame



Grow out areas
We have 3 production 
cold frames and 2 for 
holding parents and 
Frankia:
-chlorine free water 

-fertilizer injectors

Once the plants are 
inoculated with Frankia 
we fine tune their 
nutrients so they go 
into dormancy with 
the optimum nutrient 
content for field 
planting.



Frankia plants and inoculation
5 Frankia lines selected for inoculation mix:

-collected from a range of sites so 
the clone should have at least 1+ 
Frankia line which is adapted to 
the site
-aggressively colonize our clones 
as some Frankia are very specific 
for which plants they will colonize
- select for superior, fast 
nodulation 
-plants ready to plant upon sale 
transfer

The plants are chemically hardened with 
fertilizer high in P and K and low in N so the 
plug has all of the initial P needed to keep 
the Frankia happy.
We are currently looking at including Alpova
lines too.



Current Plants

• As of today – 6-14-18 we have:
– Between 10 and 15 K plants available for sale for 

Fall planting in mid August. Hancock has a hold on 
some of these.

– Approx. 40K+ plants available for sale in Spring 
2019. We are taking orders for these.

– We have Parent material available to produce 
120K plants for sale in Spring 2020 and will be 
taking orders for these in November 2018.



Contact us for details
• 2 types of planting material: 

– commercial for planting
– Asking for trial areas for new clones and testing 

existing clones on new sites. Testing areas for 
seedlings made from controlled crosses

• Anyone who will let us collect material from  
sites on their property.
– Barri Herman barri.herman@wsu.edu

mailto:barri.herman@wsu.edu
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