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~f the  t e s t  p lanta t ions  i n  t h i s  study was established a t  t 
Cane Experimental Forest i n  northwestern Pennsylvania. Th 
is a repor t  on the  r e su l t s  of t h e  f i r s t  10 years1 t e s t s  
;he Kane planta t ion.  
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NATURAIL R A N G E  

& ' I M P O R T A N C E  OF R E D  P'INE 

Red pine has a botanical  range from Nova Scot ia  and 
northern Ontario t o  southern Manitoba, southward t o  Minne- 
sota,  Wisconsin, c en t r a l  Michigan, New York, Massachusetts, 
Pennsylvania, and West Virginia. 

I n  t h e  eas te rn  United S t a t e s  red pine i s  ra re ly  found 
i n  dense, pure stands. It i s  usual ly  represented by scat -  
t e r ed  t r e e s  mixed among eas tern  white pines. Like white 
pine, it i s  a long-lived subclimax species. 

I n  Pennsylvania red pine i s  found na tura l ly  only i n  
t he  northern and cen t r a l  pa r t s  of t he  S ta te ,  It reaches 
down t o  Centre and northern Huntingdon Counties, extending 
eastward t o  t he  folded ridges of the  Anthracite Region and 

% 
westward t o  Clearf ie ld ,  Cameron, and McKean Counties. I n  
t he  Lake S ta tes  extensive stands of red pine a r e  found i n  
t he  so-called "pinerieslf on sandy g l a c i a l  till o r  old l ake  
beds. There--except f o r  some f a i r l y  extensive second-growth 
stands i n  northern Minnesota--logging and f i r e  have reduced 
t he  o r ig ina l  stands t o  remnants; and sca t te red  individual  
t r e e s  must of ten serve a s  seed sources. 

Red pine i s  a "pioneer" conifer. It i s  wel l  adapted 
t o  f a i r l y  dry o r  i n f e r t i l e  s i t e s  and i s  ab le  t o  grow sue- 
ce s s fu l l y  i n  open land denuded of t r e e  growth. Because of 
i t s  rapid growth, good form, good survival ,  and r e l a t i v e  
freedom from natural  enemies, t he  species has become a 
number-one choice f o r  re fores t ing  old burns and abandoned 
f i e l d s  o r  pastures. 

Rudolf (L1) repor ts  t h a t  red pine  ranked f i r s t  me 
(40 percent) among the  t r e e  species planted on 1.4 mil l ion 
acres  of t he  Lake S t a t e s  i n  1926-&. Stoeckeler and 
Limstrom (m recommend red pine a s  one of t h e  best  species 
f o r  re fores ta t ion  on su i t ab l e  s i t e s  i n  northern Wisconsin 
and upper Micugan. Hetzel (2) recommends it f o r  north- 
western Pennsylvania. The species has been used extensively 
i n  t he  tree-planting program of New York S t a t e  (2). 

, 

'uDERLIMED NUMBERS I N  PAREMTHESES REFER TO L I TERATURE C l  TED. PAGE 18. 
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Xed pine has been brought considerably outside i t s  
botanical  range i n  plantings. Plantings i n  southern New 
England, southeastern New York (g), New Jersey, southeastern 
Pennsylvania, Delaware, and Maryland a r e  beset  with d i f f i -  
c u l t i e s  unless c l imat ica l ly  adapted s t r a i n s  a r e  used. Red 
pine planta t ions  i n  such southerly locations a r e  preyed upon 
by insec t s  such a s  t he  shoot moth and by various diseases 
(2, 4 9  z). 

Most of the  red pine seed used i n  the  United S ta tes  
f o r  re fores ta t ion  has i t s  o r i g in  i n  the  Lake Sta tes .  Native 
stands of v i r g i n  and second-growth timber provide most of 
t he  seed. Some plantation-grown seed i s  collected,  but here 
too t h e  o r ig ina l  source of t he  planted t r e e s  was very l i k e l y  
i n  t he  Lake Sta tes .  

' I M P O R T A N C E  OF S E E D  S O U R C E  

Studies of seed from d i f f e r en t  geographic regions o r  
c l imat ic  zones have shown t h a t  s t r a i n s  o r  races e x i s t  wi thin  
many of t he  pines, spruces, f i r s ,  larches,  beech, and other 
species t h a t  a r e  under management i n  European fores t s .  I n  
some species t he  race can be i den t i f i ed  by ex t e r i o r  o r  
morphological cha rac t e r i s t i c s  and by r a t e  of growth, f r o s t  
hardiness, and heat res is tance,  I n  others the re  a r e  no 
dendrological differences,  s ince  t he  inher i t ed  character- 
i s t i c s  t ha t  make f o r  r a c i a l  va r ia t ion  a r e  i n t e r n a l  o r  physi- 
ological .  I n  Europe t he  a l t i t u d i n a l  boundaries and cl imatic 
d i s t r i bu t i on  of t r e e  races, especia l ly  among the  commercial 
conifers ,  have been studied f o r  more than 70 years (12). 

I n  the  United S ta tes  t he  e a r l i e s t  attempts t o  study 
races of t r e e  species were made by t h e  Pac i f ic  Northwest 
Forest Experiment S ta t ion  and t he  Northern Rocky Mountain 
Forest  Ikperiment S t a t i on  i n  1915-16, These t e s t s  have 
shown t h e  existence of d i s t i n c t  geographic o r  c l imat ic  races 
of wide-ranging species such a s  Douglas-fir (9)  and 
ponderosa pine (12). 

Other species t h a t  have been under study f o r  a short-  
e r  time a r e  lodgepole pine, Englemann spruce, red pine, 
Scotch pine, and other  introduced conifers.  Green ash from 
individual  seed t r ee s  has been t e s t e d  p r i o r  t o  use i n  shel- 
t e r b e l t  plantings;  and inherent ly  d i f f e r en t  races have been 



found within t h i a  species, depending an the loca l i ty  of seed 
o r idn .  

o Tn pl .ab t ic&w all  of these stud3.s~ t he  seed from 
loca l  sources--or from s-lar c l h a t i e ,  regions--prousd 
beat, 

P R E ' S E N T  ' S T U D Y  O F  R E D  P - I N E  

The present study t o  determine m c i d  and individual 
var iat ion i n  red pine, and the  adaptabi l i ty  of the species 
t o  different climatic reglons, was begren by the  Lake Sta tes  
Forest Experbient Stat ion i n  1928. The l a t e  Carlos G. Bates 

who early redognil;ed t h e  importance of seed source i n  
forest mmagement, headed the project. 

The Allegheny Forest Experbent S ta t ion  a t  Philadel- 
phia and the Northeastern Forest Ekperhent Stat ion a t  Hew 
Haven (fommtmers of t h e  present Borthsastern dtat ion)  co- - 
operated in the project by oollecting seed from several 
looel$tftss i n  the  Northeast, 

I ' 

In 1931 red pines frum 37 seed ebumes mere planted 
a t  three l o c a l i t i e s  in the Lake Stateax fn the !3uperIor, 
Chippewa, and Hurorl Natloml Foreste. By 1933 red pine seed 
had been collected f r m  l& different  sources; stock had 
baen grown, and additional t e s t  plantinge made a t  the same 
three loca l l t l e s ,  

The 1931 phneings on the Chippewa Forest and a l l  of 
the Huron plant- f a i l ed  because of a combination of 
drought, f i r e ,  and other factors,  The t e s t  plantations have 
sunrived a t  only two l oca l f t i e s  i n  the Lake Statesc i n  the 
S w e r i o r  Ratf bnal Forest i n  northeastern Mnneso4ia9 with 
1931 and 1933 plsntings; and in t h e  Chippewa National Forest 
in north-central Hinnesota, wfth 1937 plantings. 

Rudolf (10) has reported on the  1931 t e s t  plantation 
in Superior Mationsl Forest. This plantation ~on ta ined  
seedlings f m m  37 seed sources, two from New Htmpshire, the 
others from the Lake States.  ~ f t e j  16 years it  i s  evident 
that seed from loca l  northeastern Minnesota sources ms best 
f o r  the s i t e ;  followed by seed from nearby Hlnnesota and 
Wisconsin loca l i t i e s ,  



'THE K A N E  P C A N T A T Y I  O N  

A s  pa r t  of t h i s  study s t a r t e d  by t h e  Lake S t a t e s  
Sta t ion,  a t e s t  p lan ta t ion  was es tabl ished i n  1937 a t  t h e  
Allegheny Forest Experiment S t a t i o n ' s  Kane Experimental 
Forest i n  Elk County, Pennsylvania. The purpose of this 
planta t ion was t o  t e s t  t h e  adap tab i l i ty  of red  pine from 
various seed sources t o  conditions on t he  Allegheny Plateau. 

'The ' S e e d  

Seedlings representing 50 seed sources ( t ab l e  1 )  were 
used i n  t h e  Kane planta t ion,  These included seed col lected 
i n  Maine, Massachusetts, New York, and Rennsylvania a s  wel l  
a s  Lake S ta tes  seed, Thirteen of t he  seed sources were t h e  
same represented i n  the  1931 plantings i n  northeastern 
Minnesota and reported on by Rudolf (10). 

Most of the  seed col lect ions  were from small groups 
of . t r ees  o r  Umited l o c a l i t i e s ,  but 22 (44 percent) were 
from individual  mother t r e e s ,  The seed t r e e s  o r  groups 
ranged i n  age from 30 t o  250 or more,gears, i n  diameter from 
8 t o  30 inches d,b,h,, i n  t o t a l  height from 20 t o  102 f ee t ,  
i n  c l e a r  length from 0 t o  55 fee t ,  and i n  bole form from 
poor t o  excellent .  

'The  ' S i t e  

A 6-acre plant ing s i t e  was se lected near t h e  head- 
quar ters  of t he  Kane Experimental Forest ( f i g e  1 )  This 
s i t e  i s  a pla teau top a t  an  e levat ion of 2,000 f e e t  above 
sea l eve l .  It slopes s l i g h t l y  t o  t he  south and west, an  
average gradient of 5 percent. The s o i l  i s  r e l a t i ve ly  fer-  
t i l e  Clymer silt-loam except f o r  t he  southeast  corner, which 
i s  poorly drained Cookport silt-loam, This corner was not 
planted. 

The p lan t ing  s i t e  had been c leared and plowed i n  
1933, using Civ i l i an  Conservation Corps labor. Old hemlock 
stumps were dynamited, and l a rge r  stumps of the  aspen-pin 
cherry stand t h a t  o r i g ina l l y  covered t he  s i t e  were pulled 
w i t h a t r a c t o r b e f o r e p l o w i n g .  The s i t e w a s p l o w e d c r i s s -  
cross. 



Figure I .--The red  Pine P l a n t i n g  s i t e  a t  Bane ExPeri-  
mental F o r e s t  a t  t ime o f  jJlanting.  Weather s t a t i o n  
i n  background. 

Planting was originally scheduled for  1934, but white 
grubs destroyed the  nursery stock i n  the  Cass Lake, Minne- 
sota,  nursery and it was necessary t o  sow new l o t s  of seed 
i n  the  spring of 1934. Since 2-1 transplant stock was de- 
s i red,  it was not avai lable  u n t i l  the  spring of 1937. Mean- 
while a l l  seedlings and sprouting stumps were grubbed out 
during the summer of 1935. Blackberry and other vegetation 
was mowed off and dragged away before planting. 

P l a n t a t i o n  A r r a n g e m e n t  

The plantation area was divided in to  seven &-acre 
blocks. Space was l e f t  f o r  a weather s ta t ion ,  an area f o r  
planting replacement stock, and i so la t ion  s t r i p s .  A row 



method of planting was used i n  a l l  blocks, with 6-foot 
equi lateral  spacing. 

I n  six 6f the seven blocks, 14 t r ees  of each of the 
50 seed sources were planted, 

The seventh block was divided in to  two *-acre areas. 
One was feneed t o  keep out deer, the other t o  keep out both 
deer and rabbits, The fencing was used t o  determine hm 
browsing by deer and rabbits a f f ec t s  pine plabtiationa, I n  
these two half-plots the number of samples had t o  be reduced 
t o  five t rees  of each seed source. The arrangement i n  each 
half-plot was 25 rows, each containing 10 trees--a 5-tree 
sanple of two seed sources, 

Row planting has t h e  dfsadvantage that it fal ls  t o  
produce a stand condition fo r  any one group of seed-. 
It a lso  tends t o  acaentuate differences in growth rate,  
because rows of short t rees  dl1 be somewhat, suppressed, 
while r m s  of the t a l l e s t  t r ees  w i l l  have leas  than the 
usual competition. So fn blocks 1 t o  6 the rows were run 
north and south i n  an attempt t o  minimize the shading eff  ee t  
of a ta l l  row over a shorter  row, No severe competition oc- 
curred during the f i r s t  5-year growth period; a t  10 years it 
was just  beginning, A t  this time no t rees  of any one seed 
source had been overtopped by adjacent t rees .  

The big  advantage of the  row planting i n  this study 
was tha t  it  permitted a systematic sampling of possible Bif- 
ferences i n  s o i l  conditions from the ' upper t o  the lower 
par t s  of the plantation s i t e .  

The location of each row within each block was ran- .. dam. Seed-source numbers for  each row were drawn by lo t .  
The location of the a f f e r e n t  seed-source t r ees  i n  each 
block was recorded and mapped. 

P l a n t , d n g  & E , a r l y  ' T r e a t m e n t  

The "square hole-moundN method of planting--also 
called the W-method--was used. Holes were dug with mattocks, 
I n  each hole the  planter formed a wedge-shaped mound of 
loose dirt i n  the bo$tom of the  hole and divided the seed- 
l i n g  roots so tha t  some f e l l  on each s ide of the  mound. 
Cylindrical wooden tamps were used t o  firm the dirt around 



Figure  a , - -Crew p l a n t i n g  2-1 red  Pine s e e d l i n g s  i n  t h e  
Kane p l a n t a t i o n .  T h i s  s i t e  i s  i n s i d e  t h e  d e e r -  
p roo f  e n c l o s u r e .  

the  seedling. Accurate spacing was accomplished by means of 
guide s t r ings  marked with c loth f lags  a t  the  proper i n t e rva l  
( f ig .  2) .  

Planting was begun on May 6 ,  1937. It was completed 
on May 13. During t h i s  en t i r e  period the weather was cloudy 
and rainy. A moist spring followed, which gave favorable 
s o i l  moisture and temperature f o r  ear ly  growth. 

Browsing deer caused some damage on the unfenced 
par ts  of the  plantat ion during the  f a l l  and winter; so the 
e n t i r e  area  was fenced with 8-foot woven-wire stock fence t o  
keep deer out--except one block, which was purposely l e f t  
unprotected. 



Vegetative regrowth of shrubby plants and native t r ee  
species was rapid. The red pine seedlings were released 
from blackberry and other herbaceous and t r ee  growth by 
mowing back a small c i r c u l a ~  area around each t r e e  during 
the second gruming eeason. Sprouts and seedlings of aspen, 
pin cherry, and mapies were mowed back th~oughout the entire 
plantation during the third,  fifth, and eighth growing 
seasons. 

Round-building ants  k i l l e d  same red pines that were 
shading t h e i r  nests,  despite effor ts  at eradication. 

S Y S T E M A T ' I C  M E A S U R E M E N T S ,  1 9 3 7 - 4 7  

During the  f i r s t  few years frequent examinations were . 
made t o  determine causes of i n i t i a l  mortali ty i n t h e  plants- 
tion. Early losses were very small--due t o  careful plant- 
ing, favorable weather conditions, and possibly t o  the  
fencing, mowing, and weeding. 

A t  the 5-year measurement the survivals, by seed- 
source groups, ranged from 89.3 percent t o  95.4 percent 
(ffg. 3 ) .  A t  10 years ( f ig .  4) the  survivals of the  same 
groups averaged frara 79-8 percent tm 93,6 percent (tablea 2 
and 3 ) .  

Since differences i n  survival'among seed sources were 
not signifioant,  average height growth was used as  the chief 
c r i t e r ion  fo r  comparing the seedlings from various seed 
sources. 

'Stand C o n d i t i o n  I n  1 9 4 7  

Ten years a f t e r  planting, these red pines on the Kane 
plantation had only recently closed i n  the rows with t h e i r  
lower branches. Pract ical ly  a l l  t rees  i n  the plantation 
s t i l l  had l iv ing  branches almost t o  the ground (fig.  5). 
Natural pruning was just  beginning on the lower branches. 

Crown-class differences were barely beginning t o  ap- 
pear a t  t ha t  time, and a l l  t rees  had space t o  grow without 
overtopping one another. Host t rees  were straight-boled, 
although a few had double stems originating near ground 



Figure 3.--Part of t i e  Kanc y b u n G u u . v r a  ,= 

p l a n t i n g .  Note  t h e  d e e r - p r o o f  f e n c e  and 
t e c t e d  b l o c k  o u t s i d e  t h e  f e n c e  a t  l e f t .  

l ine.  The severe glaze storm of 
the  future form of some t rees ;  t 
l a t e r  measurements. 

Febru~ 
his  wj  

sry 195 
i l l  be 

n make - .La....& 

. W , "  - 
t h e  un 

io may 
recor 

:es am 
!n obse 
1 o r  6 

affeci 
ded ir 

The youthfulness of the  p l an ta t io~  
ble  t o  pick out premium trees  o r  those ~lat,  6 1 ~ ~  A~ _ 
grow t o  maturity. No outstanding differenc ong tht 
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dendrological character is t ics  such as lengtk olor ol 



Figure 4.--The Kane p l a n t a t i o n  lo years  a f t e r  9 l a n t i n g .  
T h i s  i s  the  same a r e a  shown i n  f i g u r e  3. Note the  
good s u r v i v a l  and crown c l o s u r e .  The deer-proof  
fence  has been removed. 

needles, branching hab i t ,  o r  bo le  form. 

P l a n s  F o r  F u t u r e  M e a s u r e m e n . t s  

The long-term nature  of t h i s  study does not require  
in tens ive  measurements a t  c l o s e r  than 5- o r  10-year i n t e r -  
va ls .  Checks on m o r t a l i t y  were made a t  frequent  i n t e r v a l s  
i n  t h e  f i r s t  5 years,  and measurements of t o t a l  height  and 
morta l i ty  were made a t  t h e  5 t h  and 10th  years a f t e r  plant- 
ing.  



F i g u r e  5 . - - T e n - y e a r  g r o w t h  i n  t h e  u n P r o t e c t e d  P a r t  o f  
t h e  Kane P l a n t a t i o n .  

I n  1952 and 1957--at 1 5  and 20 years a f t e r  planting-- 
measurements of diameter growth and a sampling of heights 
w i l l  be subst i tuted f o r  total-height measurements. The 
plantat ion w i l l  be thinned t o  make growing space f o r  t he  
be t t e r  t r e e s  of a l l  seed sources by 1957 a t  the  l a t e s t .  

A N A L Y S I S  O F  1 0 - Y E A R  H E I G H T  G R O W T H  

Heights of a l l  sunriving t r e e s  were measured t o  1/10 
foot by a 2-man crew, using an extensible measuring pole. 
This was done i n  t he  summer of 1947 and the  spring of 1948. 
From these f i e l d  measurements, t he  average t o t a l  heights of 



survivors were computed f o r  each of the seven blocks and 
each of the 50 seed sources. 

Previous analysis of the  5-year height data showed no 
s ignif icant  difference due t o  the  block arrangement of the 
plantation, Therefore the 10-year average heights f o r  the 
block were combined, and the  analysis was based on a l l  

I l iv ing  t rees  of a given seed source i n  a l l  blocks. 

A n a 1 y s . i ~ .  Of V a r i a n c e  

Applying the analysis-of-variance method t o  these ' 

data shows tha t  seed or igin i s  an important cause of varia- 
t i o n  i n  the t o t a l  heights a t ta ined by each of the 50 seed 
sources studied, Noreove,r, the grouping of these 50 seed 
sources in to  nine geographic-climatic regions Brings t o  
l i g h t  highly s ignif icant  differences as  measured by the  
value of F ( table  4), 

In table  4 the variance due t o  seed source has 
broken d m  fur ther  t o  show the variance due t o  differences 
among the  nine regions and t h a t  due t o  seed-source variat ion 
within regions. The resul ts  with regard t o  var iat ion w i t h i n  
region a re  psr t fcu lar ly  important I n  this study. The F 
value of 1.425 approaches but does not reach significance a t  
the +percent level.  One may thus deduce tha t  these data 
support the regional groupings as made, since variat ion b y .  
tjeed source lri thin regions appears t o  be random. 

This indicates the poss ib i l i ty  of d i s t inc t  r ac i a l  
groupings of red pine based on t,he ge~g~aphic-cl imatic  re- 
gion of seed origin. The performance of seed collected i n  
each region i s  s ignif icant ly different  from tha t  of other 
regions, but samples making up the  regions a r e  relat ively 
homogeneous within themselves. Only time and additional 
measurements can shm whether differences withln regions 
w i l l  continue t o  be l e s s  than differences between regions. 
It is  of in t e res t ,  however, tha t ,both  5- and 10-year growth 
records show the existence of f a i r l y  uriiform geographic- 
climatic races t h a t  d i f f e r  from each other i n  height growth, 
though not i n  morphology. This may be useful a s  a guide i n  
fur ther  studies of red pine. 

Seed from those regions a t  the  head of Lake Superior 
and t o  the north and west i n  par t s  of Wisconsin and Minne- 
sota resulted i n  s ignif icant ly poorer height growth i n  the 
Kane plantation than did seed from regions south of Lake 



Superior i n  the Upper Peninsula of Michigan, from north- 
eastern and central  Wisconsin, and from the north-central 
portion of the Lower Peninsula of Hichigan. I n  other words, 
seed from sources geographically closer t o  the point of 
planting did be t t e r  than seed from the western l imi ts  of the 
red pine range. 

D i f f e r e n c e s .  B e t w e e n  H e a n s  

A s  a follow-up on the analysis of variance, t h e  sig- 
nificance of differences between the means of 10-year height 
growth of a l l  50 seed sources was computed by t - tes t .  De- 

w s p i t e  the re la t ive ly  narroa range i n  mean heights, from 8.45 
t o  11.40 feet ,  about one-half of the seed sources differed 
s ignif icant ly front one o r  more of the others a t  the 5-per- 
cent level .  A t  the 1-percent leve l  of significance about 
17 pa i rs  of seed sources had mean differences tha t  were sig- 
nif icant .  

Grouping these data i n t o  9 and 12 geographic-climatic 
regions and t e s t ing  each possible combination f o r  mean d i f -  
ferences confirmed the r e su l t s  of the analysis of variance 
a s  t o  importance of region. Table 6 i l l u s t r a t e s  the  resul ts  
when 8 Lake S ta t e s  and 4 Northeastern States  regions a r e  
compared. The underlined mean differences a re  s t a t i s t i c a l l y  
significant.  

R E S U l L T S . ,  W I T H  S P E C  I A I L  R E F E R E N C E  

'TO N O R T H E A S ' T E R N  S ' E E D  S O U R C E S  

The seedlings grown from seed from the 50 different  
seed sources varied greatly i n  growth response. Seedlings 
of many of the Lake Sta te s  seed sources outstripped those 
from the best Northeastern sources; yet  a dozen of the  Lake 
Sta tes  collections grew more slowly than the seedlfngs from 
the  Maine seed source--which was the poorest of the  North- 
eastern sources. 



G r o w t h  R e s f i o n s e  

When a l l  50 seed sources were ranked from highest t o  
lowest i n  growth response, t he  New York seed ranked 23rd, 
Pennsylvania 33rd, Massachusetts 35th, and Maine 37th. It 
i s  i n t e r e s t i n g  t o  note t h a t  seed from Maine and Massachu- 
s e t t s ,  the  eas tern  sources most d i s t an t  from the  Kane plan- 
t a t i on ,  made poor growth i n  comparison with t h e  Mew York and 
Pennsylvania seed sources, which a r e  much nearer geographi- 
ca l ly .  

But why did  the  seed from Tioga County, Pennsylvania, 
only 70 a i r l i n e  miles from the  Kane plantation,  f a i l  t o  
produce t he  best  height growth of a l l ?  

Certain c l imat ic  and biological  factors  o f f e r  an ex- 
planation f o r  the  r e l a t i ve ly  slow growth of seedlings from 
this Pennsylvania seed source. Red pine i s  not nat ive  t o  
those port ions of Elk County, western McKean County, o r  
adjacent Forest and Warren Counties t ha t  surround the  Kane 
plant ing s i t e .  Nature, over t he  centur ies ,  has been unable 
t o  extend t he  l o c a l  Pennsylvania race of red pine i n t o  this 
region because of climate o r  some other  bar r ie r .  The red 
pine from Tioga County i s  thus not a t r u l y  l o c a l  seed source 
fo r  t he  t e s t  p lanta t ion s i t e .  

Differences between the  general climates of these  two 
l o c a l i t i e s  a r e  shown i n  t a b l e  5. A much grea te r  v a r i a b i l i t y  
would doubtless be shown by de ta i l ed  records of c l imat ic  
extremes of heat and cold and seasonal d i s t r i bu t i on  of rain- 
f a l l .  Differences i n  elevation,  aspect, slope, t r e e  cover, 
and other  fac tors ,  which g r ea t l y  a f f ec t  t he  l oca l  climate, 
a r e  known t o  e x i s t  between these  two s i t e s .  Some of these 
cl imatic factors ,  as  well a s  s o i l  differences,  a r e  l i k e l y  t o  
influence unfavorably t he  growth of planted seedlings unless 
they a r e  from sources t h a t  a r e  adapted t o  s imi la r  condi- 
t ions .  

I .  M a j o r  C l i m a t i c  F a c t o r s  

Climatic data read from s t a t e  maps, compiled i n  19W 
by the  U .  S. Weather Bureau (&) , have been used t o  i l l u s -  
t r a t e  t h e  average c l imat ic  conditions a t  specif ied loca l i -  
t i e s  o r  seed-source regions i n  t he  Northeast and Lake 
S t a t e s  ( t ab le  5) .  



The s i t e  of t he  Kane a t i on  has a cllmate typic2 
of a t r u e  cont inenta l  p la te  Winter temperatures a r e  oc 
cas ional ly  severe (6) .  Tne a a d y  range of temperatures E 
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Tabla 2.-Heiht mouth md j-y&Ln Krm ~ b n t d t i o n ,  
b ~ b d - 8 0 u n ~  

( h s i s :  91 trams of each eebd IOUI 'C~)  

Amn(lr tot.1 h d # h t  Jurrlval  
Sbed-.ow08 

&on 
oollaction P i n h  Tenth 

number Fifth %nth 
yaar p a r  your 

&bJ Q& Pemqnt Pmmant 

1. Lornr HichQan 29 2.40 11.1 90.4 90.4 
54 2.72 11.40 92.6 92.6 

210 2.18 10.09 92.6 90.4 
213 2.33 11.02 85.1 81.9 

Faglorn1 araxuge - 2.41 10.91 90.2 88.8 

2. Central Yisconsin 60 2.46 11.U 94.7 92.3 
61 2.40 11.33 94.7 93.6 
64 2.20 10.53 96.8 95.7 
la 2.02 9.74 94.7 90.b 

2.25 10.82 
2.12 10.54 

95.7 92.6 
157 96.8 90.4 

Region1 avorap - 2.21 10.68 95.4 92.6 

3. Northbastern 10 1.93 8.69 9 1 5  88.3 
Wlseonain-Southrrn 12 2.06 10.M) 88.3 83.0 
Uppar psninaula of 16 2.23 10.22 94.7 92.6 
Wchlgn  19 2.25 10.54 97.9 94.7 

222 2.17 10.44 94.7 90.4 
227 2.29 11.13 93.6 89.4 
239 2.01, 9.99 96.8 92.6 
268 2 3 1  10.55 93.6 91.5 
295 2.U 10.15 94.7 94.7 
298 2.03 9.57 94.7 93.6 

Reglanal awrrys - 2 . U  IO.U 94.0 91.1 

4. New Yo* 294 2.15 10.09 96.8 93.6 

5. Worthemtern 35 . 2.07 9.50 a . 0  81.9 
) L ~ M ~ B o ~  36 2.20 10.34 95.7 92.6 

38 2.15 9.61 91.5 89.4 
299 2.21 10.17 95.7 95.7 

Re-1 avaraga - 2.16 9.91 91.8 89.9 -- 
6. Brainerd-Cameron 74 2.09 9.93 

75 2.30 10.60 
159 2.02 9.63 

::: 3:: 
'35.7 94.7 

161 1.91 9.39 96.8 89.4 
174 2.09 9.82 93.6 91.5 

Regional everags -- 2.07 9.87 93.4 90.4 

7. ' : e ~ j  of the h k e s  47 2.05 10.15 M.3 88.3 
49 2 .26  10.47 31.5 90.4 

165 1.79 8.58 94.7 92.6 

Rs~lorml average - 2.03 9.73 91.5 90.4 

8. Pemaylvmnia 267 1.94 9.61 91.5 91.5 

9. Haas&ChusUttB 123 1.93 9.59 93.6 89.4 

10. llorthsrn uppet 21 2.22 10.46 95.7 94.7 
psninauls of 23 5 2.25 10.13 96.8 95.7 
Michigan 237 2.10 9.52 95.7 9k.7 

2W) 1.84 9.08 95.7 94.7 
246 1.76 8.76 89.4 85.1 

Regional avenge - 2.03 9.59 94.7 93.0 

11. llalm 293 1.88 9.54 85.1 79.8 

12. brWmtbrn 121 1.86 8.91 09.4 86.2 
M ~ b s o t .  1W1 2.06 9.60 91.5 89.4 

178 2.03 9.52 94.7 92.6 
179 2.10 9.73 96.8 94.7 
181 2.15 9.38 92.6 90.4 
184 1.92 8.45 96.8 92.6 
188 2.04 9.45 90.4 86.2 
284 2.06 9.85 93.6 86.2 
32, 1.88 9.28 87.2 84.0 - 

R+oionl a v a r a ~  -- 2.01 9.35 92.6 89.1 



Table 3.--Rankina of seed-source redons according t o  heif i t  l t m t h  

and survival of seedllnas a t  Kane plantation 

Basis : 
Seed-source 

region 
Seed ? Average t o t a l  height ~ u r v i v a l  $z:ed 
lots planting i n  1937 

Number Years - Feet R d a  Percent Rank 

1. Loner Michigan 4 5 2.41 1 90.2 11 376 
10 10.91 1 88.8 11 

2. Central Wisconsin 6 5 2.24 2 95.4 2 564 
10 10.68 2 92.6 3 

3. Northeastern 
Wisconsin--Southern 10 5 2.14 5 94.0 4 940 
Upper peninsula of 10 10.13 3 91.1 5 
Hichigan 

4. New Tork 1 5 2.15 4 96.8 1 94 
10 10.09 4 93.6 1 

5. Northeastern 4 5 2.16 3 91.8 8 376 
Mimesota 10 9.91 5 89.9 8 

6. Brainerd-Ca~eron 5 5 6 93.4 6 470 
2.W 6 10 9.87 90.4 6 

7. Head of the Lakes 3 5 2.03 7 91.5 10 282 
10 9.73 7 90.4 7 

8. Pennsylvania 1 5 1.94 10 91.5 9 94 
10 9.61 8 91.5 4 

9. Hassachusstts 1 5 1.93 11 93.6 5 94 
10 9.59 9 89.4 9 

10. Northern Upper 
Peninsula of 5 5 2.03 8 94.7 3 470 
llichlgan 10 9.59 10 93.0 2 

11. Maine 1 5 1.88 12 85.1 12 94 
10 9.54 11 79.8 12 

12. Northwestern 9 5 2.01 9 92.6 7 846 
Minnesota 10 9.35 12 89.1 10 

Table 4.--Analysis of variance of 10-year averam heiaht 
measurements for  50 seed sources of red ~ i n e  

Degrees Sum 
Variance due to- of of Mean 

square p1 
freedom squares 

Seed source 49 168.5757 3.4403 2.153 
~ e g i o n z  8 75.2484 9.4061 5.886 
Within region 41 93.3273 2.2763 1.U5 

Error o r  remainder 300 479.3770 1.5979 -- 
Total 349 647.9527 -- - 

Values applying t o  given degrees of freedom are  as  fcllons: 

Value of F at-- 
Degrees of freedom 0.01 0.05 

300 and 49 1.57 1.38 
300 and 8 1.96 
300 and fJ 2.55 1.66 1.44 

The regional grouping was the same as that  used by Rudolf 
(10). I n  t h i s  analysis a l l  Northeastern seed sources have been 
grouped a s  one regon.  
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