
SURVIVAL AID WEIGHT GROPnH OF NORTHERN 
WHITE -CEDAR FROM 2 8 PROmMTCES 

Abstract. --Northem whit e-cedar from 18 provenances 
was evaluated for to.kal height in the nursery and for survival 
and t o t a l  he ight  in t w o  field p lan t ings  in northern Wisconsin 
and in western Upper Michigan. There were s ign i f i can t  d i f fe r -  
ences among provenances in survival  a t  one locat  ion  and i n  
height at both f i e l d  locat ions  5 years after planting; t h e r e  
were no differences among provenances in height i n  the  nursery .  
Total height was moderately, but s ign i f i can t ly  correlated be- 
tween the plant  i n g s .  The data suggest t h a t  there is significant 
genet i c var ia t ion  and $enotj~"-en"krironmerst interact i on  in 
northern white-cedar, but these t r a i t s  may not  be expressed 
when trees are grown under optimum condi t ions*  

Northern white-cedar occurs naturally on a w i d e  var ik ty  of sites. It 
grows both in swamps and on moist, well drained, upland sites. Morphological- 
ly, t h e  species i s  similar throughout its natural  range, and growth of 
n o r t h e m  white-cedar from different provenances in the nursery and i n  some 
f i e l d  plantirags appears to be relatively mifarm, srrgges"king l i t t l e  genet ic  
variation i n  the species (Ivright 1970). Wright (1976) a l so  states that 
"even i n  Isw-mortaliey p lan ta t ions  t h a t  are growing well, it has not been 
poss ib l e  to detect statistically s i ~ i f i e a n t  differences in any trait.'" 
Howetrer, t h e  existence o f  many o m m e n t a l  cul.&ivars (DaHimore and Jackson 
1967) suggests genetic v a r i a t i o n  in the species, and lencalized wet Towland 
and adjacent dry upland ecotypes have k e e n  repor ted  in Hisconsin (Habeck 
1958, Musselman et al 1975). - -- 

To determine the  geograpi-bic pa t t e rn  s f  genetic variation i n  nor thern  
white-cedar a cooperati\-e, rangewide provenance s tudy  (NC-99) was begun by 
t h e  School sf Forestry, University of i f inmesota  i n  1964, Seed was co l l ec t ed  
from 32 stands located throughout the n a t ~ r a l  range o f  t h e  species. Seed 
from various provenances was sown i n  nurseries in M i d i g a n ,  Minnesota, and 
Wisconsin and resulting seedlings were f i e l d  planred at several loea t ions  
i n  t h e  three Lake States and Illinois, 

In this paper, survi.l;af. and h e i g h t  growth. of  trees from 18 provenances 
f i e l d  planted for 5 years i n  northern Wisconsin and western Upper Michigan 
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Seed co l l ec t ed  from 18 provenances [ tab le  1)  was s t r a t i f i e d  i n  moist 
pea t  moss (34-40'~) f o r  60 days before  sowing i n  t h e  Hugo Sauer S t a t e  
Nursery, Rhinelander, Wisconsin. Resulting seedl ings  were t ranspl-anted 
i n t o  4 r e p l i c a t i o n s  i n  t h e  nursery  a t  t h e  end of  t h e  second growing season.  

Seedlings (2-2)  were l i f t e d  from the nursery  and f i e l d  p lanted  i n  l a t e  
Apri l  i n  northern I-t'isconsin near  Lakc 'Tomahawk, 0Tlei;iLb Caunty ( L a t .  4 5 . 8 ' ~ ~  
Long. 89.6 '~)  and i n  e a r l y  May i n  western Upper Michigan on t h e  Ottawa National 
Forest  near  Marenisco, Gogebic County (Lat . 4 6 . 4 ' ~ ~  Long. 6 9 . 7 ' ~ )  . Trees were 
hand p lanted  a t  a  spacing of  8 '  x 8 '  i n  a  randomized, complete block design 
iv i i t1-t 4- t r ee  l i n e a r  p l o t s .  'I'en blocks were e s t ab l i shed  a t  Lake Tom&awk and 
15 a t  Marenisco. Two border  rows surromd each plaming. The p l a t i n g  s i t e  
a t  Lake Tomahawk was s t r i p  t r e a t e d  w i t h  h a z i n e  t h e  sumer before  p l an t ing ;  
t h e  Marenisco p l an t ing  was not t rea ted  wi th  he rb ic ide .  Both planzings were 
f e r t i l i z e d  with granular  10-10-10 s h o r t l y  a f t e r  p l an t ing  i n  1969 and again 
i n  1971. The Marenisco p l an t ing  was a l s o  t reated wi th  lime i n  1969 and 1971 
i n  an attempt t o  increase  s o i l  pH; s o i l  t e s t s  i nd ica t ed  a pH of about 5 .0 .  
Both p l an t ings  have been mowed p e r i o d i c a l l y  s ince  p l a n t i n g .  

Tota l  he igh t s  of 15 seedl ings  from each p l o t  were determined a t  age 4 
(2-2)  i n  t h e  nursery .  Survival  a d  t o t a l  h e i g h t  of a l l  t r e e s  i n  both f i e l d  
p l an t ings  were determined a f t e r  5 growing seasons (age 9 from seed) i n  t h e  
f i e l d .  Differences among provenances i n  su rv iva l  and t o t a l  h e i g h t  a t  each 
locat  ion were determined by two -way analyses of  var iance ,  Rela t ive  t o t a l  
he ight  of t h e  provenances i n  t h e  nk;rsery and at both f i e l d  loca t ions  was 
determined by simple c o r r e l a t i o n .  

RESULTS 

Nursery 

Tota l  he ight  of t r e e s  a t  age 4 i n  t h e  nursery  averaged 37 cm. Variat ion 
i n  t o t a l  he ight  among provenances ranged from 31 cm f o r  source 3349, Kane 
Ca., I l l i n o i s  t o  45 crn f o r  source 3270 from Forest  Co., Wisconsin. However, 
t h e r e  were no s i g n i f i c a n t  d i f f e rences  in  t o t a l  he igh t  among provenances o r  
r e p l i c a t i o n s .  

F ie ld  Planzings 

Marenisco, Michigan.--Plantation su rv iva l  w a s  83 percent .  Variat ion i n  
s u r v i v a l  among provenances ranged from 68 percent  f o r  source 3348, Blmford  
Twp., Ont-ario t o  100 percent  f o ~  source 3347, Moughton Co., Michigan ( t a b l e  I). 
There were s i g n i f i c a n t  d i f f e rences  i n  su rv iva l  among provenances and 
repl  i c a t  ions .  

P l an ta t ion  mean height  was 88 crn and v a r i a t i o n  among provenances ranged 
from 80 percent  of the p lan t ing  mean f o r  soume 3341, Bland Co., Vi rg in ia  
t o  124 percent of  t he  mean f o r  sinxrce 3270, Forest  Co, , Wisc0nsi.n ( t ab le  1) .  
Differences i n  he ight  were s i g n i f i c a n t  among provenances and r e p l i c a t i o n s .  



Table  1. --Survival and t o t a l  h e i g h t -  of nor thern  -- - w h i t e  cedar from- seed sources. 

No, --- Maren i s co Lake Tomhawk -- IFG I,M -- Orig in  Lat . Survival ' ~ e i g h t  Survival Height ---- 

Forest Col , Wis. 
Washburn Co, , W i s .  
Itasca Co., Mim, 
Forest Go., Wis. 
Clin ton  Co., N.Y. 

Grand Isle Co., V t .  
Shawano Co . , Wis , 
Somerset Co . , Me 
Chippewa Co., Mieh. 
Annapolis Co., N.S. 

Moughton Co., Mich. 4 7 +  1 
Orleans Ca., V t .  44 .7  
Gurncy Twp., ht. 49 . 5 
S t .  t a u i s  Co-, Minn. 48,O 
Kenora Dist, ,  Ont. 51.5 

Blanfs rd  Twp., Ont. 43 ,3  
Kane Co., I l l .  42 
Bland Go. , Va. 37 .1  

- - 

Mean 89,2 8 8 - 3  94-6  86.4 

s ;t 2 .27  S , Q 7  1.86 6.06 
---- P V  - 

I /  Age 9 (2-2-5) - 



Lake Tomahawk, Wisconsin, - - S u - r ~ i v a Z  at t h e  Lakt Tomahawk s i t e  averaged 
95 percent  ( t a b l e  1 ) .  There were no significant d i f f e rences  mong proven- 
ances i n  su rv iva l  and on ly  2 sources,  354.8 and 3353 from Ontario had less 
than 90 percent  su rv iva l .  

Total  he ight  of a l l  t r e e s  averaged 86 c ~ x  and v a r i a t i o n  among provr3n- 
ances ranged from 78 percent  of t h e  planting mean f o r  source 3342, Sl1aw:ino 
Co., Wisconsin t o  1 2 7  percent  of t h e  mean f o r  source 3344, Washburn Co*,  
Wisconsin. Differences i n  he ight  among sources and r e p l i c a t i o n s  were 
s i g n i f  icarbt . 

D l  SCUSS ION 

Survival of most provenances was exce l l en t  and varlat l ion in t h i s  char- 
a c t e r  appears t o  be random. 

In genera l ,  provenances from intermediate  l a t i t u d e s  (44.6-47'~] grew 
best  while those  front t h e  h ighes t  (51.5 '~)  and lowest (37 .1 -33 .3°~)  were 
t he  slowest growers, The b e s t  seed sousces were From Forest Co. (3270, 
.7;27l) and Washburn Co. (334431, Wisconsin; l t a s c a  Co. (33401, Mi-nnesota; 
Clinton Co. (33511, New York; anif Grand I s l e  [ i .343), Vermont, whi le  thc- 
poorest sources were from Kenora D i s t  . (3350) and Blmford Twp. (3348), 
Ontario;  Kane Co. (33491, I l l i n o i s ;  and Bland Co. (33411, V i rg in i a .  

Although no s i g n i f i c a n t  d i f f e rences  among provenances i n  4-year he igh t s  
were found, c o r r e l a t i o n  between t o t a l  he ight  i n  the nur s s ry  and a t  Marenisco 
was s i g n i f i c a n t  a r  t h e  9 percent level  (r = J5). Corre la t ion  of he ight  i n  
t h e  nursery and a t  Lake Tomahawk, IJowever, was not  a s  high and j u s t  b a r e l y  
missed reaching s ign i f i cance  at tile 5 percent  level ( r  = - 4 6 ) .  This lower 
c o r r e l a t i o n  may have r e s u l t e d  from reduced growth of po ten t i a lPy  f a s t e r  
growing t r e e s  r e s u l t i n g  from severe  deer  browsing s h o r t l y  a f t e r  p l an t ing ;  t h e  
p l an t ing  was fenced s h o r t l y  t h e r e a f t e r .  Trees from sonic provenances may have 
been more seve re ly  browsed than o the r s  causing a  s h i f t i n g  of he igh t  r a n k  i n  
t h e  p l an t ings .  Unfortunately, no evalua t ion  o f  browse damage was made 
because most trees appeared t o  be severe ly  damaged. 

Height of t r e e s  i n  the  2  p l an t ings  was moderately c o r r e l a t e d  ( r  = -56,  
s i g n i f i c a n t  a t  5 pe rcen t ) .  The most notable  changes i n  rank were sources 3342, 
Shawano Co., Wisconsin fram 7 at Marenisco t o  18 a t  Lake Tomahawk, 3 3 5 3 ,  Gurney 
Twp., Ontario from 13 a t  Marenisco t o  5 a t  Lake Tomahawk; and 3348, Blanford 
Twp., Ontario from 16 a t  Marenisco t o  9 a t  Lake Tomahawk. The changes i n  
ranking i n  t h e  two f i e l d  t e s t s  and t h e  change from no s i g n i f i c a n t  v a r i a t i o n  
t o  s i g n i f i c a n t  v a r i a t i o n  between t h e  nursery and f i e l d  p l an t ings  suggest 
important genotype-environmental i n t e r a c t i o n s  i n  t h e  responses of t h e  
provenances s tudied .  I n t e r p r e t a t i o n  of these  i n t e r a c t i o n s ,  however, must 
await inc lus ion  i n  t h e  ana lys i s  of s eve ra l  add i t iona l  s e t s  of t e s t  da t a  
represent ing  add i t iona l  environments. 

The d a t a  from these  f i e l d  t e s t s  suggest t h a t  gene t i c  v a r i a t i o n  i n  he ight  
growth of northern white-cedar m y  be expressed when t h e  spec ies  i s  grown 
under condit ions s i m i l a r  t o  OUT f i e l d  t e s t s .  However, when grown m d e r  
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