
RESEARCH PBWECTS 

&b 
Date Dlpv. 79. 1971 

~ e s e k c h e r  D r .  C h i  - Wu m e .  College o  f F o r e s t r v  

Project Title m e s t  Ge& i c s  E x ~ e r i m e n t a l  P l a n t a t i o n s  

t v ~ i c  b v b r i d i z a t i o n  and d i a l l e l  
c r o s s e s  of  Ponderosa pine  

Objectives -ent al- concern in^ t h e  g y b r i d i z a t i o n  

. . - 
Starting Date -1964 Duration I n d e f i n i t e  

Location NE 1 BN(10 a26,~40~,~4!i,s) 

&- 3 on a t t a c h e d  sap. 

Punding Source --- 

Additional C-nts a s  a r o j e c t  i s  v e r y  important  as a long-range -- 
-.- 



Date 79. 1971 
Beseatcher e t r v  - 

Project Title Forest Genetic- 

(II&gQ~ra~hic v a s l w  . . 

Objectives o i  n11s 

ponderosa)-v d i f f e r - s  

d-U-13 -In. . . . . 

Starting Date 1961 Uuration . . 

Location Amrox. mW 1/4. NE 1/4. Sec. 76. T 40M. :< 4W. BFT (77.5 .& 

See Plot 1 on at$ached sheet. .. - 
Pundiag Source University of Idaho and MS 

Additional caaneuts None. 



RESEARCH PROJECTS 

UNIVERSITY OF IDA40 EXPBRSMEWAL FOWST 

Date Bnv. 79. 1971 
Researcher D r .  Chi-Wu Wmg. College of w t r v  

Project Title Fo_rest-tal 

( 1 I I ) G e n e t i c  s t u d i e s  of We&%gl Larch- 

Objectives (1 . )  One p l a n t a t i o n  s t u e  t h e  in- . . 

of Western Larch and Japanese Larch. 

1 2 . 1  One u l a n t a t i o n  s tudying  provenance of Western Larch obtained 

from -- t w r a n a .  Oregon. W -ton. . 
and Canada. - 

- - 
Starting Date 1961 Duration I n d e f i n i t e  

Location BOX. W l /4 ,  NE l / 4 ,  NE 1/4, Sec. 26, T 4015. R 4W. BM 

(7.5 a c r e s )  See P l o t  2  on a t t ached  shee t .  

Funding Source U n i v e r s i t y  o f  Idaho and MS #3. 

Additionel comments None. 

- .  



RESEAXCH PROJECTS 

Dateuv .  79- i ~ n  
Researcher D r .  Chi-Wu Wang. College of F o r e s t r v  

Project Title F o r e s t  -1 Pl a h f a  

(SV) - O e e a y _ J ; e s t i n o  

Objectives - +i VP 

Ponderosa aine(Pi-a'I t r e e  W o v e m e n t  T h r e e  

e e b e i n p -  . . ' P ~ i n n a  a r en  I +  

l o c a t e d  on t h e  exne-11d b~-. i n r l n r l ~ d  i n  + h i s  

summary. 

Starting Date 1964 Duration T n d e f a n ,  t-. . . 
r 

Location -ar*rt.h nf 

and one ~ l a n t a t i o n  l o c a t e d  at  

Funding Source 

Additioaal Colrrae~rt8 Thi s  a l s o  is  cQllSiaered ve rv  a s  a l n n p  - 

range s tudy  bv D r .  W ~ P .  



BIG MEADCAI CREEK UNIT 
University Experimental Forest 

T40N9R4WrBM 



T H E  C O O P E R A T I V E  

F O R E S T  T R E E  I X P R O V E M E N T  P R O G R A M  

COLLEGE OF FORESTRY, UNIVERSITY OF IDAHO, 

M o s c o w ,  Idaho 

By: Chi-k!u NANG 

December 1963 



THE COOPERATIVE FOgEST TBEE IMPROVWNT PROGRAM 

COLLEGE OF FORESTRY, UNIVERSITY OF IDAHO 

CONTENTS: 

I. Initicltidn of the Cooperative Forest Tree Improvement 
Program. p. 1 

11. Progress of the Cooperative Forest Trce Improvement 
Program. p. 2 

111. The work plan for the Cooperative Forest Tree Improvement 
Program. p. 7 

IV. Recomendations. p. 12 

I. Initiation of the Cooperative Forest Tree Improvement Program 

The Idaho Forest Tree Improvement Program was initiated in 1957 as a 
cooperative project of the Idaho State Forestry Department, Southern Idaho 
Forestry Association, U. S. Forest Service, and the University of Idaho. 

The Comanittee on Super Tree Research, composed of Roger Guernsey, 
State Forestry Department (Chairman), Don Lynch, U. S. Forest Service, Ernest 
Wohletz, College of Forestry, University of Idaho, and Gordon Greenway, South- 
ern Idaho Forestry Association, met in the office of the State Forester on 
January 11, 1957, for the purpose of developing a "plan for bringing a resi- 
dent geneticist to Southern Idaho and for getting him started on developing 
"plus tree", with initial emphasis on the ponderosa pine."* The committee re- 
commended that the project be started as soon as possible as a cooperative 
enterprise shared by the following: (1) College of Forestry, (2) Southern 
Idaho Forestry Association, (3) U.S. Forest Service, and (4) State Forestry 
Depa&ment. It was also recommended that consideration be given to establish- 
ment of a small experimental nursery and to procurement of a suitable site for 
a seed orchard. This should be at least 40 acres of the best soil.* 

The cooperative agreement drafted by the cooperators in October 1, 1957, 
included the following: 

1. The University is to engage and pay the full salary of a quali- 
fied forest geneticist and to give direct administrative 
supervision. 

*A report of the committee on Super Tree Research Meeting to Research 
Council, Southern Idaho Forestry Association. 
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2. The fores t  genet ic is t  i s  t o  be placed in Boise a t  the Boise 
Research Center, a branch of the Intermountain Forest and 
Range Experiment Station, t o  operate f u l l  time on fores t  
genetics research i n  southern Idaho. 

3. The Intermountain Forest and Range Experiment Station i s  t o  
appoint the forest  geneticist  as a collaborator without re- 
numeration, and t o  furnish a vehicle fo r  the o f f i c i a l  use of 
the fores t  geneticist .  

4. The Southern Idaho Forestry Association and the Idaho S ta t e  
Division of Forestry agree t o  deposit the sum of $1850 each in  
a cooperative fund with the University, t o  be used for  t r ave l  
and operating expenses of the fores t  geneticist. 

The following changes took place since 1960: 

The Bureau of Land Management, Idaho, and U.S. Forest Service, 
Region One and Region Four, joined the cooperative project. 

The Southern Idaho Forestry Association contributed the sum of 
$kW each year t o  be used f o r  the project, 

With the exception of the above, the f inancial  support of this 
cooperative project was all from the University. The University 
added a special  research fund (S.R. #77, progenytesting of 
ponderosa pine) t o  the regular fores t  genetics budget t o  defray 
the cost  of progeny tes t ing  i n  southern Idaho. 

The fores t  genet ic is t  was placed i n  Moscow, Idaho, t o  teach f o r e s t  
genetics t o  graduate students and qualified upper class students. 
Four Ph.D. candidates were i n  residence in the f a l l  semester of 
1963, and conducting independent research under the  supervision 
of the fores t  geneticist .  

Progress of the Cooperative Forest Tree Improvement Program 

The progress of the Cooperative Forest Tree Improvement Program fo r  the 
period 1957-1959 was recorded i n  the Annual Reports of the Forest, Wildlife, 
and Range Experiment Station, College of Forestry, University of Idaho, 
1957-59. Since 1960, the forest  t r e e  improvement program was concentrated 
i n  the Pollowing f ie lds:  

(A) Selection and Progeny t e s t  fo r  the improvement of Ponderosa Pine. 

This i s  generally known as the seed orchard o r  the Itsuper tree" 
project. The work plan is outlined in the following schematic 
diagram (p.13). In  essence the basic approach of the plan is the 
selection of superior parent materials as evaluated by the perform- 
ance of t h e i r  progenies. The early p a r t  of the program (Phases I & 
11) i s  a system of select ive breeding within local  population. 
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Selection is made from natural  variants of a region. I n  Phase 111, 
select ion w i l l  be made among a r t i f i c i a l l y  created variants. 

The i n i t i a l  s t ep  i n  a t r ee  selection project  i s  t o  define the 
objective of selection. A uniform t r ee  scoring system f o r  selected 
t r ee s  i s  t o  be adopted by a l l  cooperators so tha t  a l l  t ree  select ions  
were made according t o  a standardized system. A meeting of cooperators 
i n  1960 was primarily devoted t o  t h i s  matter. A l l  desirable qua l i t i e s  
t o  be expected i n  t r e e  improvement were examined. A simple and uniform 
t r e e  scoring system was devised. The emphasis is on two factors  which 
are  growth vigor and superior t r ee  form. The growth vigor r e f l e c t s  
both physiological superiori ty i n  growth r a t e  and general adaptabi l i ty  
t o  the  environment of an area f o r  which the selection is made. I n  
t ree  form selection stem, branch, and crown characters are considered. 
The objective of t r ee  form selection i s  t o  improve the quantity of 
commercial timber production by qual i ty  improvement. An increase i n  
quanti ty of commercial timber, and hence, an increase i n  the value of 
y i e ld  per uni t  area could be accomplished even if no great  increase in 
actual  quanti ty of wood could be expected because of l imita t ion of s i t e  
conditions. Wood samples w i l l  be obtained from selected trees.  The 
spec i f ic  gravity and f ibe r  character of wood from selected t r ee s  w i l l  
be examined. 

SELECTED Tree: 

AVERAGE Trees: 
(Average of 10 neighboring D & C D  - 
trees-of the  s ame-atre) . 

Height ( H  a) : ft. Age: 
Hd* s-Ha 

- 
Volume (Va): 
Crown radius (Ca) : 

Va . - 
Volume r a t i o  (Rv)=E 

Ca 
Ratio of crown areas (Rc )=(W2 - 

TREE SCORE: 

(1) Tree Form 

Straightness (5,2,0): 
Branch dim. (SJ2 ,O) : 
Nat. Pruning (5,2,0): 

(2)  Tree Growth 

Height Growth ( H  d) (5',2,0): 
Volume Growth (Rv) (5,2,O) : 
Crown Area (RC) (5,2,0): 

The t r e e  scoring system was f i e l d  tes ted  in 1961 by cooperators. 
It was found t o  be a simple system, prac t ica l  f o r  the f i e l d  use and t o  
give generally uniform resu l t s .  Cooperators par t ic ipated i n  the prepar- 
at ion of the  t r e e  scoring system including fores te rs  from the S t a t e  
Forestry Department (Roger Guernsey, W i l l i a m  Scribner, Jack Gi l l e t ,  
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Ray A. Miller) ,  Intermountain Forest and Range Experiment Stat ion 
(Marvin Foiles),  Boise National Forest (Howard Alskog, Bruce V. 
Groves, Woodrow W. Doupe, LeRoy Sprague), Payette National Forest 
(Delmer F. Marsolek), Bureau of Land Management (Don Kobelin, Tom 
Schoder), and members of the Southern Idaho Forestry Association 
(Bert Cleaveland, George L. Crookham, Vern Gurnsey, George V. Hjort), 
. 
The t ree  scoring system designed f o r  f i e l d  evaluation of pheno- 

types of seed t rees  includes desirable characters considered as 
important f o r  genetic t r ee  improvement by our cooperators. How- 
ever, it was realized tha t  the  effectiveness of a selection system 
(selection d i f fe ren t ia l )  decreases dras t ica l ly  with the increase 
i n  number of character is t ics  taken into  consideration. The selec- 
t ion of seed t rees  i n  initial screening was not very rigorous. I n  
genera lprac t ice  seeds were collected from 10 of the oes t  looking 
seed t r e e s  having superior height growth within an even-aged and 
f u l l y  stocked stand of phenotypically desirable trees. The selected 
seed t rees  usually represent approximately 2 4 %  of a stand. 

The next year, 1962, was a moderately good seed year. Stands of 
phenotypically desirable t rees  were located f o r  i n i t i a l  screening by 
progeny t e s t .  Two selected stands representing d i f fe ren t  elevations 
were located within each area wherever possible. Open poll inated 
seed from 10 of the  best  t r ee s  of the stand, no less  than 100 f e e t  
from the nearest  se lected t r ee  were collected. The cones were sent  
t o  Crookham's f irm f o r  k i ln  drying. Seed and cones characters were 
measured, and seedlings were raised in 1963 a t  U.S.F.S. Lucky Peak 
Nursery f o r  progeny testing.  

Until  1963, sixty-six selected stands were located seeds from b90 
selected t rees  collected, 12,000 seedlings raised f o r  the combi- 
nation progeny t e s t  and seed orchards, and f ive  progeny t e s t i ng  
plantations established, vis.: #61-1 Heyburn Park, #61-2 Slaughter- 
house Creek, #61-3 Granite Creek, #63-2 Meadow Creek and #63-3 
Heyburn Park. The above work was accomplished through the enthu- 
s i a s t i c  collaboration of cooperators which makes the fo re s t  t r ee  
improvement project  possible on a region-wide scale. 

Now adequate materials have been assembled f o r  the establishment of 
three 13-acre seed orchard t o  produce genetically improved seed of ponderosa 
pine f o r  southern Idaho. The i n i t i a l  material  is composed of progenies 
of 284 selected t r ee s  from southern Idaho. The plantation i s  designed 
as a combination parent-progeny t e s t  and seed orchard. Further im- 
provement is expected by thinnings a f t e r  selections a r e  made between 
stands, between parent t rees  and within progeny from the initial 51 x 
10' spacing to  50-100 t r e e s  per acre a t  seed production age. 

It is recommended tha t  three 13-acre seed orchards be planted i n  
dif ferent  sections of southern Idaho. For northern Idaho a similar 
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collection of materials for a model seed orchard (151 selected 
t rees ,  18 stands, 7 acres) were selected from a narrow b e l t  be- 
tween 47°-490 Lat. N., north of Moscow. 

The work on selection and progeny t e s t s  is supported by a 
spec ia l  research grant from the University of Idaho (Special Re- 
search #77 Progeny t e s t  of Ponderosa Pine). Additional funds are 
needed for  operational expenses t o  es tab l i sh  seed orchards and 
or iginate  fur ther  work related t o  Phases I - I1 of the Tree Im- 
provement Program. 

(B) Genetic Variation of Ponderosa Pine. 

The genetic improvement of a f o r e s t  t r ee  i s  based upon an under- 
standing of i ts  genetic variation and population structure.  For 
t h i s  reason, the genetic variation of ponderosa pine has been an 
important f i e l d  of investigation since the beginning of the research 
program. This problem was investigated a t  three levels  (1) genetic 
var ia t ion of ponderosa pine i n  Idaho, (2) genetic variation within 
a natural. stand and, (3) genetic var ia t ion throughout i ts  geographic 
range. 

Genetic Variation of Ponderosa Pine in Idaho (#60-1, Moscow), 
This i s  an 8-replicate 10-tree p l o t  experiment of 2b seed sources. 
It includes 7 seed sources from Boise Basin in addition t o  other 
Idaho seed sources. Observations include i n i t i a t i o n  and cessa- 
t i on  of growth, f r o s t  hardiness, shoot-elongation over the en t i re  
growing season, and lemma and prolepsis growth. 

Genetic Variation of Ponderosa Pine Within a Natural Stand 
(#61-2 Slaughterhouse Gulch, #61-3 Gran5te Creek). Progenies of 
433 selected t rees  from an approximately fo r ty  acre na tura l  stand 
near Centerville were f i e l d  planted i n  two 7-replicate plantations 
by the S t a t e  Forestry Department and the Boise National Forest 
near Idaho City. A similar plantation was made i n  H eyburn Park 
6 - 1 )  Unfortunately, the exact iden t i ty  of niost of the t r e e s  
w a s  not available. Seedling from hown seed t r ee s  was raised and 
t e s t  planted in 1963, (plantations #63-2 Meadow Creek, 8-rep. and 
#63-3 Heyburn Park, 8-rep.). Ordinary seedlings from Idaho R a  ger 
D i s t r i c t  (D-3) of Boise N a t ional  Forest  and Idaho County seed sources 
of the  S ta te  Forestry Department were used f o r  comparison. The 
purpose is f o r  the evaluation of the selected t r ee s  by progeny tes t -  
ing and for  comparison of performance of progeny of-selected t rees  
with the "run-of-the-mill" seedlings of the same general area. The 
geographic var ia t ion plantation (#63-1) Heyburn Park, was established 
in 1963, It includes 20 replicates in s ing le  t r ee  p lo t  of 157 seed 
sources throughout the natural  range. 
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(C) Intro-specific hybridization. 

Controlled poll ination between individual t r e  
momholo~ical  characters were made i n  1961, 1962, 

of d i s t r i c t  
and 1963 i n  

~oscow,  $d in 1962 i n  Boise Basin. The purpose-was t o  study the 
h e r i t a b i l i t y  of t r e e  characters t ha t  have profound influence on 
timber qua l i ty  and seedling survival. Among the characters con- 
sidered are  stem, branch and crown forms and cone and seed charac- 
t e r s .  The control-pollinations made included reciprocal crosses 
and selfings.  P l a s t i c  casing was found t o  be most sat isfactory 
as protective cover. Destruction of cones by insect  and rodents 
remains t o  be a serious problem. Damage t o  1962's poll ination 
amounted t o  over 50% in some cases. 

(D) Genetic Variation i n  Wood Characters. 

The improvement of wood quali ty i s  one of the most important 
objectives of a t r e e  improvement program. To study the genetic 
var ia t ion of wood characters in ponderosa pine of d i f fe ren t  
geographic sources, wood core samples were obtained from the pon- 
derosa pine r a c i a l  var ia t ion plantation a t  the P r i e s t  River Experi- 
mental Forest. The characters examined were spec i f ic  gravity and 
f ibe r  length. Additional wood core samples were obtained from 
selected t r ee s  and other natural  stands t o  study the genetic var i -  
a t ion in ponderosa pine wood characters under natural  conditions. 

A study on the genetic variation in f i b e r  character of western 
redcedar (x pl ica ta )  was i n i t i a t e d  and supported by a $3000 
annual grant from the Intermountain Forest and Range Experiment 
Stat ion of the  U.S. Forest Service. This problem is investigated 
by a graduate student and Ph.D. candidate i n  Forest  Genetics. 
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111. A WORK PLAN FOR THE COOPERATIVE FOREST TREE IMPROVEMENT PROGRAM* 

The work plan for a forest tree improvement program is dictated primarily 
by the objective of improvement, and genetic characteristics of the tree species 
involved. The work plan for the cooperative forest tree improvement program 
as outlined in the schematic diagram presents the principle steps to be taken 
in their proper sequence. It consists of three phases in genetic improvement, 
viz.: (1) Initial screening, (2) Superior tree, and (3) Superior hybrid. Each 
succeeding phase leads to an increasingly higher level of genetic improvement. 
As to the actual scale of operation, although there is a minimum beyond which 
improvement work will be ineffective, the work plan devised for this program 
is readily adjustable to the intensity and rate of improvement anticipated and 
resources available. 

However, there are two crucial features that are stressed in all phases 
of the program: 

1. There is no seed produced in the seed orchard (grafted or seedling 
seed orchard) at any phase of the program that is not evaluated by progeny 
test. Progeny test is the only real proof of genetic improvement. 

2. There is no waiting period of usually several years between the es- 
tablishment of seed orchard and progeny testing. According to this plan progeny 
test is always made prior to seed production. 

Obiective of the Cooperative Forest Tree Improvement Program 

The primary objective of the forest tree improvement program is for 
quantity production of quality timber. The desirable characters considered 
to be important in tree improvement as listed in the following, were thoroughly 
examined by the cooperators. It was agreed at the meetings of 1960 and 1961 
in the preparation of selection criteria, that at the present stage priority 
be given to growth vigor and good tree form in tree selection. 

In "A Guide for Finding Superior Ponderosa Pine Trees and Stands in 
Southwestern Idaho1'** by the Research Committee of Southern Idaho Forestry Asso- 
ciation. the followinrt are listed as im~ortant factors that must be considered - 
in selecting a plus tree: growth rate (fast diameter and height growth), 
crown form (narrow crown), limb form (small and short limb, wide branch angle, 
not more than 4 limbs per whorl), bole form (straight bole with little taper, 
good natural pruning ability), freedom from insects and diseases, and drought 
resistance. 

Donald W. Lynch, Leader of Boise Research Center, Intermountain Forest 
and Range Experiment Station in a joint report with Marvin Foiles and Larry 
Inman, dated March 24, 1958, give their description of the desirable type of 
ponderosa pine tree for genetic improvement program, (1) good seedling survi- 
val, (2) good diameter and height growth and good wood quality, (3) resistance 
to diseases, (4) resistance to insects, (5) good tree form. If growth rate is 
not sacrificed in the process, they consider the ideal tree should have good 
form such as: (a) straight bole, (b) high bole/limb ratio (small limbs), (c) 
horizontal branching, (d) high form factor. 

*The above is the work plan that was followed since 1960, and will be 
followed to the degree that funds are available. 

**Edward W. Smith, Elbert Cleaveland, and Donald W. Lynch (1957)--"A 
Guide for Finding Superior Pine Traes and Stands in Southwestern Idaho." 
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George V.  H jo r t  bel ieved t h a t  two kinds of ponderosa pine should be achieved 
i n  t h e  gene t i c  program, one which would survive on dry s i t e s  and another  v a r i e t y  
f o r  l e s s  severe s i t e s .  (Memorandum t o  members of S. 1. F .  A.  Research C o m i t t e e  
and F o r e s t  Genet ics  Committee, March 28, 1958). He f u r t h e r  suggested t h a t  " F i r s t  
of a l l  there  i s  some quest ion i n  my mind whether o r  not  it should be ponderosa 
pine only.  It seems t o  me t h a t  Douglas f i r  and white  f i r  should be included." 
This  suggest ion was discussed a t  the Fores t  Genet ics  S teer ing  Committee of 1960, 
and agreed t h a t  with the progress  of the t r e e  improvement program, breeding of 
t r e e s  f o r  higher  e l eva t ions ,  dry s i t e s ,  and spec ia l  s o i l  types should be consid- 
e red .  Other f o r e s t  t r e e  spec ies  w i l l  be added t o  the t r e e  improvement program 
when needs a r i s e  and funds a r e  ava i lab le .  The genera l  approach of t h i s  work plan 
can be used i n  o t h e r  f o r e s t  t r e e  spec ies  of t h i s  region. 

Three Phases of Genetic Improvement 

The work p lan  of the  f o r e s t  t r e e  improvement program c o n s i s t s  of a sequence 
of t h r e e  phases of gene t i c  improvement: phase I i n i t i a l  screening, phase I1 
supe r io r  t r e e ,  and phase I11 super ior  hybrid. The two e a r l y  phases a r e  essen-  
t i a l l y  a system of s e l e c t i v e  breeding. Parent ma te r i a l s  b e s t  su i t ed  t o  l o c a l  
envirocment and improvement ob jec t ives  a r e  se l ec t ed  from n a t u r a l  v a r i a d t s :  I n  
phase 111, s e l e c t i o n  i s  made from varia&s a r t i f i c i a l l y  c rea ted  by in t r a -eco typ ic ,  
i n t e r - eco typ ic  and i f  necessary i n t e r - s p e c i f i c  c rosses .  

Phase I I n i t i a l  Screening. This  i s  an i n i t i a l  s t ep  i n  s e l e c t i v e  breeding. 
The screening i s  t o  be made pr imar i ly  i n  a 1-parent ,  s i n g l e - t r e e  progeny t e s t  of 
s e v e r a l  hundred t r e e s  from t h e  b e s t  n a t u r a l  s tands  throughout a genera l  a rea .  For 
southern  Idaho 284 t r e e s  were se lec ted  from 2 n a t u r a l  s tands.  Open p o l l i n a t e d  
seeds were co l l ec t ed  i n  1962 by the U. S. Fo res t  Serv ice ,  Bureau of Land Manage- 
ment, Idaho S t a t e  Fores t ry  Department, Boise-Cascade Inc. ,  Universi ty of Idaho 
and o t h e r  cooperators .  Each cone c o l l e c t i o n  was kept  s epa ra t e  by parent .  Seed- 
l i n g s  were r a i s e d  a t  the  Lucky Peak Nursery of the  U.  S. F o r e s t  Service i n  1963 
t o  be used i n  e s t a b l i s h i n g  a combined 1-parent progeny t e s t  and seed orchard. 

The seed orchard w i l l  be planted a t  approximately 5 f t .  X 10 f t .  spacing 
07 approximately 870 t r e e s  per  ac re .  The f i e l d  p l a n t i n g  w i l l  follow a random- 
iz-d block design of 4 - t r ee  p l o t s  with 10 r e p l i c a t e s  i n  each orchard. Each seed 
orchard w i l l  inc lude  284 X 4 X 10 o r  11,360 t r e e s  on 13.7 ac res .  Three seed 
orchards w i l l  be e s t ab l i shed  i n  1965 and 1966 i n  d i f f e r e n t  p a r t s  of southern 
Idaho where ponderosa pine i s  used extens ive ly  f o r  r e f o r e s t a t i o n .  

One of the  most severe t e s t s  and the f i r s t  s e l e c t i o n  of a l l  the progenies  
w i l l  be the i n i t i a l  su rv iva l .  Within the f i r s t  yea r ,  i n i t i a l  mor t a l i t y  of 20-30% 
can be expected on a l e s s  severe s i t e  i n  a commercial p l an t ing  with 2-0 seedl ings  
of l o c a l  o r i g i n .  The i n i t i a l  surv iva l  r a t e  w i l l  poss ib ly  r e f l e c t  the t ' t ransplant -  
a b i l i t y "  of the  d i f f e r e n t  progenies under ord inary  f i e l d  p l an t ing  condi t ions .  I n  
the  f i r s t  10 yea r s  a f t e r  p l an t ing ,  no s e l e c t i o n  and th inning  s h a l l  be made except 
t o  reduce competion. During t h i s  period,  eva lua t ion  of e a r l y  progeny performance 
w i l l  be made. Se iec t ive  thinning between se l ec t ed  s tands ,  between parent  t r e e s  . 
and between ind iv idua l s  of the same progeny w i l l  be made i n  subsequent years  ac- 
cording t o  progeny performance. The p l an ta t ion  eventua l ly  w i l l  be thinned t o  
approximately 50 t r e e s  per acre  (30' X 30' spacing) f o r  production of proven ge- 
n e t i c a l l y  supe r io r  seed from the bes t  t r e e s  of i n i t i a l  screening. 

For two important reasons the  i n i t i a l  s e l e c t i o n  was made between s e l e c t e d  
n a t u r a l  s tands  r a t h e r  than among indiv idual  t r e e s .  The primary reason i s  t h a t  
an even-aged, f u l l y  stocked, n a t u r a l l y  regenerated s tand i s  genera l ly  a b e t t e r  
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and more reliable indicator of genetic constitution of the subpopulation than an 
isolated individual tree is of its own genetic characters. The radius of effective 
pollen dispersal for ponderosa pine can be reasonably assumed to be 300 to 600 ft. 
Natural seeding of pine has an even more restricted effective range. Hence an even- 
aged, natural stand can be considered as a progeny test stand of parent materials 
of the immediate neighborhood. The selection of natural stands as an initial step 
is essential in Idaho where great local physiographical diversities madeindividual 
tree selection especially ineffective. 

The other reason for initial selection in natural stands is to provide prac- 
tical consideration for early production of proven superior seed. Because trees of 
selected natural stands are of seed producing age, the best stands, as evidenced by 
superior performance of their selected trees, will be thinned and managed to pro- 
duce seed for immediate use. 

Phase 11 Superior Tree. Superior trees are selected from the best parent 
trees recognized from progeny tests in initial screening. The progeny tests also 
yield valuable information concerning whether the desirable characters, such as 
good tree form and high growth rate, are distributed at random throughout south- 
ern Idaho or are most likely to be found in certain areas. Based upon this in- 
formation, further screening will be made in a similar manner as outlined in the 
last section. Two to three additional screenings will be made during the next 
ten years. Each screening will include approximately 300 to 500 trees from ap- 
proximately 40 to 60 selected stands. (With the exception of a good seed year it 
is not always easy to obtain seed from all 10 best trees. It is better to collect 
only from the best rather than to include mediocreones or to wait for several 
years). Twenty to forty best parent trees from each of the initial screening 
will be selected to make up a total of approximately 100-120 trees to be included 
in the progeny test for superior trees. 

The number of parent trees to be included in each field test is determined 
by the practical consideration of the size of field plantation that can be es- 
tablished under the present scale of operation (10-20'acres). It must be large 
enough to maintain the number of replicates sufficient to yield significant 
results. The number of trees included and size of field test plantations es- 
tablished can be readily adjusted to speed up the process of selective breed- 
ing when additional resources are available in subsequent years. 

At the present level 100-120 best trees obtained in the series of initial 
screening will be replicated 20 times in the progeny test for superior tree. 
The large number of replicates is aecessary for more rigorous selection between 
the progenies. The plot size will be 4 trees per plot. Fewer trees per plot 
are not advisable because of the high initial mortality rate. The large number 
of replicates necessary and the lack of uniformity in site condition make larger 
plots undesirable. The spacing of either 5' X 10' or 10' X 10' can be used. 
If 10' X 10' spacing is used, the seed orchard will be 18.4 acres in size in- 
clading 100 X 20 X 4 or 8,000 trees. Because all the trees hcluded in this 
plantation are best trees obtained in Phase I, they can 52 used for seed pro- 
duction without selection. 

For further improvement of the initially screened materials, selection 
will be made in the progeny test of Phase 11. The parent L-ees that produce 
the best progenies w i l l  be multiplied by grafted plants and seedlings for mass 
Production of superior seed for the region. 
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Phase flP Superior Hybrids. In this phase of genetic improvement supe- 
rior hybrids are created by controlled crosses. Controlled crosses will be 
made between selected individuals of the same ecotype, between ecotypes and 
between species. Selection will then be made within the F F and back cross 
hybrids to obtain the best genetic combination. 

1' 2 

This approach is adopted in the work plan as a means for further genetic 
improvement especially for those characters that are either not available in 
the local ecotype from which the selective breeding was made or adaptive char- 
acters which cannot be effectively improved by selection from local population. 
In the early part (phases 1-11) of the tree improvement program local stands 
are used in initial screening. This is because our knowledge of silviculture 
and provenances of ponderosa indicates distinct ecotypic differentiation with- 
in this species. Improvement within the locally well adapted ecotype is always 
the best initial step. However, there is no reason to assume that all the 
desirable qualities of ponderosa pine deserving future genetic improvement are 
restricted to the four-county area from which the initial screening was made. 
Further genetic improvement can be made by introducing desirable qualities 
through controlled cross into the superior trees. 

Furthermore, obtaining genetic improvement by selection from local 
population in adaptive characters such as drought resistence and seedling 
survival is generally not an effective approach in genetic improvement. It 
is futile to expect a few generation of artificial selection to provide sub- 
stantial improvement in an adaptive character which is vital to the survival 
of the species and has been selected by nature for thousands of generations 
of this species. In genetic improvement works related to adaptive characters, 
it is desirable to include materials from non-local sources. For this rea- 
son, additional materials were obtained at the time of initial screening from 
peripheral areas. The non-local ecotypes will furnish valuable inheritance 
information and breeding materials for further improvement of ponderosa pine 
by controlled crosses. 

Production of Genetically Superior Seed 

Early production of genetically improved seed was a major considera- 
tion in devising the work plan. In order to accomplish this, the three phases 
of the work plan collectively form a continuous sequence for a long-range 
project, but separately each phase is an entity which has a definite objec- 
tive of genetic improvement and a practical purpose. Improved seed are pro- 
duced in phase I as well as in each of the succeeding phases. Each succeed- 
ing phase reaches an increasingly higher level of genetic improvement through 
more rigorous selection and breeding. 

In phase I, genetically improved seeds are produced from two sources: 
(1) The progeny test plantation is planned from the beginning to be a com- 
bination progeny test and seed orchard. According to the performance of 
progenies, a series of selections will be made between the selected stands, 
between seed trees and within each progeny. The original plantation of ap- 
proximately 870 trees (5' X 10' initial spacing) will be converted readily 
to a seed orchard of 50 to 100 trees per acre after a series of selective 
thinning in conjunction with progeny tests. 

(2) On the basis of the above progeny test, genetically superior stands are 
distinguished from local populations. These stands will be thinned and man- 
aged to produce seed for immediate use. These stands are not ordinary "seed 
production areas" of phenotypically selected trees. The genetic superiority 



Tree Improvement Program 

of these stands has been evaluated by a fair sample of their components in a 
progeny test. Because trees of this stand are all full-grown and of prime 
seed production age, quantity production of improved seed is achieved years 
earlier than a grafted seed orchard augmented by a progeny test. 

Seed produced in grafted seed orchard not augmented with progeny test is 
of doubtful quality and limited usefulness. In the national meeting of SAF 
(October 20, 1963, Boston) the question of certification of seed orchards was 
discussed. A subcmmittee was appointed to consider the feasibility of devclpp- 
ing minimum standards and models of progeny tests for the certification of seed 
orchards and seed production areas. 

The best trees isolated in initial screening could be used temporarily 
for seed orchard purpose either by graftings or by seedlings. But they are 
not qs intensively selected and are not from as broad genetic basis as materials 
from Phase 11 and 111. The superior trees and superior hybrids developed in 
Phasqs I1 and 111 will be multiplied by vegetative means (grafting) and by seed- 
ling to establish seed orchards of enough acreage to meet the need of rcforesta- 
tion. 
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IV. RECOMMENDATIONS 

(1) - Phase I 
Three 13-acre seed orchards s h a l l  be established in three different  

pa r t s  of southern Idaho in 1965 and 1966. The parental  materials were 
selected by cooperators of the Cooperative Tree Improvement Program in 1962, 
and the  seedlings f o r  seed orchard were raised by the Lucky Peak Nursery 
of the U.S. Forest Service, Region I V  in 1963. 

One of the seed orchard wi l l  be located in the v ic in i ty  of Idaho City 
and another one in McCall area. If cooperators are  interested in establish- 
i ng  seed orchards on different  s o i l  types (granitic,  basal t ic) ,  additional 
materials w i l l  be made available fo r  a fourth seed orchard. 

(2) - Phase I1 
(Superior ~ r e e )  of the Tree Improvement Program s h a l l  begin in 19& if 

approved by cooperators. Detail  procedures of t h i s  phase of the  program 
w i l l  be discussed i n  the next meeting of cooperators. For additional screen- 
ing, a 3-hour short  course followed b y a f i e l d  demonstration w i l l  be 
organized f o r  f i e l d  workers. 

(3) A meeting of cooperators w i l l  be held t h i s  spring (spring 19&) 
t o  work out d e t a i l s  concerning lw-out of seed orchard plantations, ra i s ing  
of seedlings and preparatory works related t o  the second phase of the 
program. It is recommended tha t  each cooperator designate a "contact man" 
t o  par t ic ipate  in t h i s  and subsequent b o r k  sessions11 t o  discuss d e t a i l  
procedures of the  work plan. 

Chi-L;lu Van B December 1 63  
Moocow, Idaho 



SCEPMATIC D U G W  OF A WORK PLAN FOR TKE COOPERATIVE TREE MPROVeMeNT PROGRAK P. l3 

PHASE I 
INITIAL SCREENING 

Initial screening 
of desirable 
parent material 
from local popula- 
tion 

1 SELBCTION & PROGENY TEST 1 1 SEED PRODUCTION I 

Development of 
better stands 
into improved 
seed production 
areas for local 

PRCGENY TEST 
f use 

Purpose: (1) Selection of better stand for 
inmediate use. (2) Combined progeny test and 

1 
seed orchard for ~roduction of improved seed 

PHASE 11 
SUPERIOR TREE I- 

Selection of 
superior indi- 
viduals best 
adapted to the 
region and alti- 
tude 

LI (3) Initial screening for Phase 11 
/ 

PHASE 111 
SUPERIOR HYBRIDS 

selection of 
the best genetic 
Combination for 
a specific need 
from artificially 
created variants 

- 

(1) Conversion 
trees from initial trees from of progeny test 

plantation into 
seed orchard for 
the producticn 
of genetically 

1 
improved seed PROGENY TEST J 

Purpose: Selection of superior 
seed trees from the initially 
screened materials by perfor- 
mance of their progenies 

(2) Establishment 1 -f of mafted and - 
seedling seed 
orchards for 
the production 
of superior seed 

(3) Establishment 
of grafted and 
seedling seed 
orchards for the 
production of 
superior hybrid 
seed 

Purpose: Selection 
of the best genetic 
combination 1 

*Note: Initially seraanad materials m y  be used temporarily for eeed orchard 
purpose, but they are not as intensively selected and from as broad a genetic 
basis as materials in Phase 11. 
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