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ABSTRACT

A com prehensive s i l v i c a l  s tu d y  o f p la n ta tio n -g ro w n  t u l i p  p o p la r  

(L irio d o n d ro n  t u l i p i f e r a  L*) was conducted a t  th e  F red  Suss Experim ental 

F o re s t  in  Cass County, M ichigan, d u ring  the  growing seasons 1951-52.

This in v e s t ig a t io n  Included  th e  r e s u l t s  o f  b o th  f i e l d  and la b o ra to ry  

s tu d ie s  in  an  e f f o r t  to  determ ine the  s i l v i c a l  requ irem en ts o f  p la n ta t io n -  

grown tu l i p  poplar*  A knowledge o f  the growth h a b its  o f t h i s  sp ec ie s  

under the  c l im a tic  c o n d itio n s  o f sou thw estern  M ichigan seemed ad v isab le*

In  th e  v ic in i ty  o f  the  experim en tal a re a  th e re  i s  a  la rg e  number o f 

farm ers and p r iv a te  la n d  owners who a re  in te r e s te d  in  co n v ertin g  abandoned 

farm  lan d  in to  t r e e  farm s a s  a  con tinued  investm ent* Since tu l ip  p o p la r  

i s  a  d e s ira b le  sp e c ie s  from the s ta n d p o in t o f  economical r e f o r e s ta t io n ,  

the  p re s e n t  s tu d y  was I n i t i a t e d  to  determ ine the f e a s i b i l i t y  o f  recom­

mending tu l i p  p o p la r  p la n tin g s  f o r  such e n te rp r is e s*

The re se a rc h  work was c a r r ie d  out on a  15 y ea r  o ld -20  a c re  tu l ip  

p o p la r -c a ta lp a  p la n ta tio n *  O bservation o f  th e  tu l ip  t r e e s  in  th i s  

p a r t i c u la r  p la n ta t io n  re v e a l a  marked d i f f e r e n t i a l  r a te  o f h e ig h t growth 

on t r e e s  of th e  same age and density*  This d if fe re n c e  in  h e ig h t growth 

i s  a s s o c ia te d  w ith  th e  p resence o f  an old-grow th  hardwood s tan d  a d jo in in g  

the  p la n ta t io n  on th e  sou th  and west* The experim en tal a re a  was a r b i ­

t r a r i l y  d iv id e d  in to  two d i s t i n c t  s i t e s  (Area X and A rea Y) f o r  re se a rc h  

p u rp o ses . Edaphlc (p h y s ic a l and chem ical), m icro c l im a t ic ,  and q u a n t i ta t iv e  

s o i l  m ic ro b io lo g ic a l d a ta  were o b ta in ed  a t  the  same sampling p lo t s  i n  bo th  

areas*  The approach to  th e  problem was to  determ ine what f a c to r  o r s e t  of 

f a c to r s  were c o n tr ib u tin g  to  the  marked d i f f e r e n t i a l  h e ig h t growth o f 

p lan ta tio n -g ro w n  tu l i p  p o p la r .
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L aborato ry  experim ents on th e  p h y s ic a l-e d a p h ic  f a c to r s  o f the two 

compared s i t e s ,  re v e a le d  on ly  two p ro p e r t ie s  o f an a c tu a l  and s t a t i s t i c a l l y  

s ig n i f i c a n t  d iffe re n c e *  These two r e la te d  f a c to r s ,  th e  amount o f f in e  

c la y  and th e  w a te r-h o ld in g  c a p a c ity ,  were th e  on ly  p h y s ic a l-e d a p h ic  f a c to r s  

w h ic h  d i f f e r e d  s ig n i f i c a n t ly  between A rea X and Area T. Ten p h y s ic a l-  

edaphic p r o p e r t ie s  were s tu d ie d  in  d e ta i l  and t r e a te d  s t a t i s t i c a l l y  by 

a n a ly s is  o f variance*  The p h y s ic a l s o i l  f a c to r s  in v e s t ig a te d  in  r e l a t io n  

to  h e ig h t grow th were s o i l  te x tu r e ,  s p e c i f ic  g r a v i ty ,  volume w eigh t, 

p o r o s i ty ,  hyg roscop ic  c o e f f ic ie n t ,  w a te r-h o ld in g  c a p a c ity , m oistu re  

e q u iv a le n t ,  s o i l  ev ap o ra tio n  lo s s ,  depth o f l a t e r a l  ro o t  p e n e tr a t io n ,  

and th e  w ater ta b le  f lu c tu a tio n *

A s t a t i s t i c a l  tre a tm e n t o f seven im portan t chem ical-edaphic f a c to r s  

in  each a re a  in d ic a te d  no o u ts tan d in g  a c tu a l  o r  s t a t i s t i c a l l y  s ig n i f ic a n t  

d if fe re n c e  between th e  a re a s  o f good and poor h e ig h t growth o f tu l ip  

pop lar*  F u rth e r  v e r i f i c a t io n  of th e  lack  o f  any chem ical s o i l  d if fe re n c e  

was s u b s ta n t ia te d  by a  s tudy  o f seven in d iv id u a l m ajor n u t r i e n t  elem ents*

A growing season stu d y  o f  Beven m lc ro c lim a tic  f a c to r s  in  r e l a t io n  to  

s o i l  f a c to r s  o f bo th  a re a s  in d ic a te d  in  v i r t u a l l y  every  case th a t  the  

in te g ra te d  elem ents o f  e v ap o ra tio n , r e la t iv e  h u m id ity , a i r  tem p era tu re , 

su rfa ce  s o i l  tem p era tu re , p e rc e n t a v a i la b le  m o is tu re , and l i g h t  in t e n s i ty ,  

were c lo s e ly  r e la te d  to  th e  marked d i f f e r e n t i a l  h e i^ i t  growth o f  tu l ip  

p o p la r ,  in s o fa r  a s  th e se  f a c to r s  co n d itio n ed  the  so il-m o is tu re  regimen* 

Supplem ental s tu d ie s  on growth r a t e s ,  sun s c a ld , b ark  th ic k n e ss , herbaceous 

p la n t  su c c e ss io n , and s o i l  m ic ro b io lo g ic a l counts f u r th e r  s u b s ta n tia te d  

th e  e f f e c t  o f  m icroc lim ate  on so l 1 -m oistu re  requirem ents*

The continuous so il-m o is tu re  regimen throughout the growing season

Robert D. Shipman
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was found to  be th e  p r in c ip a l  l im i t in g  f a c to r  c o n tr ib u tin g  to  th e  marked 

d i f f e r e n t i a l  h e ig h t  growth o f p lan ta tio n -g ro w n  tu l ip  poplar*

Robert D. Shipman
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A SILVICAL STUDY OF CERTAIN FACTORS 
CONTRIBUTING TO THE DIFFERENTIAL HEIGHT GROWTH 

OF PLANTATION-GROWN TULIP POPLAR (LIRIODENDRON TULIPIFERA L .)

By

R obert Dean Shipman

STATEMENT OF THE PROBLEM

T u l ip  P o p la r  ( L i r  io dendr on t u l i p  i f  e r a  L .)  i s  one of th e  most 

v a lu a b le  hardwood t r e e s  from the  s ta n d p o in t  o f  th e  f o r e s t e r .  A ccording 

to  Harlow (1 9 ^ 1 ) ,  t h i s  sp e c ie s  may re a c h  a  maximum h e ig h t  o f  two-hundred 

f e e t  w i th  a  maximum d ia m e te r  of tw elve  f e e t .  The a v e r a g e - s iz e d  o ld  

grow th t r e e  i s  ap p ro x im a te ly  one-hundred  f e e t  t a l l  and f o u r  to  s ix  f e e t  

in  d ia m e te r .  The b o le  i s  s t r a i g h t ,  t a l l ,  c l e a r  o f  s id e  b ranches  f o r  a  

c o n s id e ra b le  d i s t a n c e  above ground l e v e l ,  and in  f o r e s t  s tan d s  i t  su p p o r ts  

a  r a t h e r  narrow , open crown. I t s  r o o t  system i s  u s u a l l y  deep and wide- 

sp re a d in g  and b e s t  growth i s  o b ta in e d  on m ois t  b u t  w e l l - d r a in e d  s o i l s  of 

lo o se  t e x t u r e  and o f  moderate d e p th .  In  o ld  f o r e s t  s ta n d s  i t  i s  n ev er  

ve ry  abundant and o ccu rs  u s u a l ly  in  m ix tu re  w ith  o th e r  hardwoods. In  

M ichigan, i t  i s  o f t e n  a s s o c ia te d  w i th  beech , maple, basswood, b la c k  

c h e r ry ,  and th e  o ak s .  Some seed  i s  produced a n n u a l ly  and th e  minimum 

commercial seed  b e a r in g  age o f  t h i s  s p e c ie s  i s  f i f t e e n  to tw enty  y e a r s ;  

th e  average  g e rm in a t iv e  c a p a c i ty  is  low (about 10 to  12 p e r c e n t ) .

1 . Subm itted  in  p a r t i a l  f u l f i l l m e n t  of the  req u irem en t f o r  the
degree  o f  D octor of P h ilo so p h y  to  the  School of G raduate  S tu d ie s ,  
Michigan S t a t e  C ollege of A g r ic u l tu r e  and. A pplied  S c ien ce .

2. Names and d a te s  r e f e r  to  " L i t e r a tu r e  C i te d ."
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A nother s i l v i c a l  c h a r a c t e r i s t i c  of t h i s  s p e c ie s  i s  th e  d ec id ed  i n t o l e r ­

ance o f  th e  t r e e ,  end o f t e n  i t  w i l l  no t  compete s u c c e s s f u l l y  even w i th  

th e  oaks . N a tu r a l  s e e d l in g s  occur most f r e q u e n t ly  in  abandoned f i e l d s  

o r  o th e r  p la c e s  where a  m in e ra l  seedbed is  a v a i l a b l e  and competing 

v e g e t a t i o n  s p a r s e .  S ince  t h i s  s p e c ie s  i s  h ig h ly  d e s i r a b l e  as  a  f o r e s t  

t r e e ,  w i th  i t s  f a i r l y  r a p id  growth and o th e r  d e s i r a b l e  s i l v i c a l  ch a rac ­

t e r i s t i c s ,  a t te m p ts  a re  b e in g  made to  grow and p l a n t  l a r g e  numbers o f  

s e e d l in g s .  Because of i t s  u t i l i t y  f o r  numerous wood p ro d u c ts ,  i t s  low 

s u s c e p t i b i l i t y  to  s e r io u s  d i s e a s e s  and i n s e c t s ,  t h i s  s p e c ie s  w i l l  co n t in u e  

to  be a  p o p u la r  one in  r e f o r e s t a t i o n  and p l a n t a t i o n  e n t e r p r i s e s .

In  s o u th e rn  M ichigan, which r e p r e s e n t s  th e  no rth e rn m o st l i m i t  of 

i t s  range  in  t h i s  s t a t e ,  t u l i p  p o p la r  has been p la n te d  in  s e v e r a l  exper­

im en ta l  f o r e s t s  under v a r ie d  spac ing  c o n d i t io n s  and in  b o th  p u re  and 

mixed p l a n t a t i o n s .  One such e x p e r im en ta l  t u l i p  p o p la r  p l a n t a t i o n  is  

lo c a t e d  a t  th e  Russ E xperim en ta l  F o r e s t  in  V o l in ia  Township, Cass County, 

M ichigan . The d i s s e r t a t i o n  h e re  p r e s e n te d  d e a ls  s p e c i f i c a l l y  w i th  a  

15 y e a r  o ld -2 0  a c re  t u l i p  p o p la r -c a ta lp a .  p l a n t a t i o n  on th e  Russ F o r e s t .

This  p l a n t a t i o n  was e s t a b l i s h e d  in  o rd e r  to  observe  th e  growth and 

s i l v i c a l  re q u irem en ts  o f  t h i s  s p e c ie s  under the  env ironm enta l  c o n d i t io n s  

o f  so u th w es te rn  M ichigan, I t  i s  a  w e ll  known f a c t  t h a t  many of the  

abandoned a g r i c u l t u r a l  s o i l s  in  t h i s  a r e a  a re  r e l a t i v e l y  poor in  n u t r i ­

e n ts  and so low in  c o l l o i d s  and o rg a n ic  m a t te r  t h a t  they  p o s s e s s  unde­

s i r a b l e  p h y s ic a l  and chem ical q u a l i t i e s  f o r  a g r i c u l t u r a l  u se .  T u l ip  

p o p la r  t r e e s  were p la n te d  on th e se  abandoned la n d s  in  o rd e r  to  observe  

th e  m agnitude of th e s e  a p p aren t  d e f i c i e n c i e s  w ith  r e s p e c t  to  t r e e s ,  and 

to  s tu d y  th e  re sp o n se  of t u l i p  p o p la r  to  f a c t o r s  o th e r  th a n  s o i l .
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The fo l lo w in g  e c o lo g ic a l  s tu d y  on t u l i p  p o p la r  has been p roposed  and 

c a r r i e d  o u t  in  c o n ju n c t io n  w i th  and su p p lem en ta l to  a  r e s e a r c h  s tu d y  begun 

by th e  M ichigan A g r i c u l t u r a l  Experiment S t a t i o n  under d i r e c t i o n  of th e  

F o r e s t r y  Department of M ichigan S ta t e  C o lleg e .  As o r i g i n a l l y  s e t  up , t h i s  

r e s e a r c h  p r o j e c t  was e s t a b l i s h e d  to  s tu d y  only  th e  m ic ro c l im a t ic  and 

edaph ic  f a c t o r s  a f f e c t i n g  the  re sp o n se  end groiwth o f  t u l i p  poplar* on a  

15 y e a r  o l d - 20 a c r e  p l a n t a t i o n .  A l l  d a ta  concerned w ith  th e  two above 

m entioned f a c t o r s  a r e  th e  p ro p e r ty  o f  A g r i c u l t u r a l  Experiment S t a t i o n  

re c o rd s  and a re  to  be used  in  t h i s  d i s s e r t a t i o n  as su p p o r t in g  c r i t e r i a  

o n ly .  S p e c i f i c a l l y ,  th e s e  f i e l d  d a ta  r e f e r  to  s e a so n a l  re c o rd s  o f  s o i l  

m o is tu re ,  r a t e  o f  e v a p o ra t io n ,  r e l a t i v e  hu m id ity ,  s o i l  te m p e ra tu re ,  and 

a i r  te m p e ra tu re .  A l l  o th e r  d a ta  of an edaphic., c l im a t i c ,  o r  b i o l o g i c a l  

na .tu re , a s  w e l l  as i t s  i n t e r p r e t a t i o n  and a n a l y s i s ,  a re  th e  p r o p e r ty  of 

th e  i n v e s t i g a t o r .  H eedless  to say ,  in  an e c o lo g ic a l  s tu d y  o f th e  type  

h e re  p r e s e n te d ,  a l l  f a c t o r s  must be in te g r a t e d  and w eighted  as to  t h e i r  

e c o lo g i c a l  and s t a t i s t i c a l  s i g n i f i c a n c e .

H eight G-rowth D i f f e r e n t i a l  

I t  has been observed  t h a t  t r e e s  of t u l i p  p o p la r  in  t h i s  p a r t i c u l a r  

p l a n t a t i o n  show marked d i f f e r e n t i a l  r a t e s  of h e ig h t  grow th on t r e e s  of 

s im i la r  age and d e n s i t y  (F ig s .  1 and 2 ) .  An a t te m p t  is  he reb y  made to  

a s c e r t a i n  th e  e x te n t  o f  the  cause o r  causes  f o r  t h i s  marked v a r i a t i o n  in  

h e ig h t  grow th . I t  i s  th e  c o n te n t io n  of the  a u th o r  t h a t  i f  th e s e  v a r i ­

a b le s  can be i s o l a t e d  and proven  s i g n i f i c a n t  from an e c o lo g ic a l  end 

s i l v i c a l  v ie w p o in t ,  then  th e s e  f i n d in g s  may become a p p l ic a b le  to  f u t u r e  

p l a n t a t i o n s  of t u l i p  p o u la r  on t h i s  and r e l a t e d  a r e a s .  The answer would



k

F ig .  1.

A view showing th e  marked d i f f e r e n t i a l  h e ig h t  growth o f 
t u l i p  p o p la r .  In  th e  fo reg ro u n d , th e  d im in u t io n  in  h e ig h t  
growth can he observed . In  the  background, so u th  o f  th e  p la n ­
t a t i o n  p ro p e r ,  i s  Woods HB " , an o ld  growth mixed-hardwood f o r e s t .  
T rees  a d ja c e n t  to  th e  woods a re  !§■ -  2 tim es  th e  h e ig h t  o f  th e  
t r e e s  n o r th  o f  th e  woods in  th e  same p l a n t a t i o n .  Note th e  b a s a l  
s p ro u t in g  o f  t u l i p  t r e e s  in  th e  immediate fo reg ro u n d .



F ig .  2 .

T his  view o f  th e  ex p er im en ta l  p l a n t a t i o n  shows th e  g r a d a t io n  
in  h e ig h t  growth p ro ceed in g  from th e  o ld  growth woods in  th e  back­
ground to  th e  t u l i p  t r e e s  in  th e  fo reg ro u n d . Note th e  t u l i p  t r e e s  
in  immediate fo reg ro u n d  which were "drowned ou t"  as a  r e s u l t  o f  
e x c e s s iv e  s o i l  m o is tu re .
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m a t e r i a l l y  a id  th e  fa rm e r  in  t h i s  r e g io n  and p ro v id e  a sound investm ent 

f o r  c o n v e r t in g  abandoned la n d  to  f o r e s t  p l a n t a t i o n s  in  so u th w es te rn  

M ichigan ,

In  o rd e r  to  expand and s tu d y  t h i s  problem more com prehensive ly , 

a n o th e r  p hase  o f th e  o v e r a l l  a n a ly s i s  was added, With th e  consen t o f  th e  

F o r e s t r y  Department o f  M ichigan S t a t e  G o liege , i t  was deemed a d v is a b le  to 

c a r r y  ou t a  s tu d y  to  i n v e s t i g a t e  some of the  s o i l  b i o l o g i c a l  f a c t o r s  t h a t  

might be invo lved  in  th e  d i f f e r e n t i a l  h e ig h t  g row th . This p hase  o f  th e  

s tu d y  w i l l  a t te m p t  to  de te rm ine  i f  any d i r e c t  c o r r e l a t i o n  e x i s t s  between 

th e  numbers of organism s in the  s o i l  and th e  o th e r  f a c t o r s  b e in g  s tu d ie d  

by th e  F o r e s t r y  D epartm ent. No a t te m p t  w i l l  be made to  a s c e r t a i n  a l l  of 

th e  b i o l o g i c a l  i n t e r p r e t a t i o n s  as r e l a t e d  to  th e  d i f f e r e n c e  in  h e ig h t  

g row th . The m ic ro b ia l  phase  of th e  s tu d y  w i l l  r e s t r i c t  i t s e l f  to  th e  

i n v e s t i g a t i o n  of the  q u a n t i t a t i v e  m ic r o f lo r a  of the  sampling a r e a s .  This 

p o r t i o n  o f  th e  d i s s e r t a t i o n  w i l l  a t te m p t  to  p la c e  m ic ro b io lo g ic a l  s tu d i e s  

in  such  a  p e r s p e c t iv e  as to  dem onstra te  th e  eco logy  o f  the  s o i l  o rganism - 

p l a n t  community as  r e l a t e d  to  the  f o r e s t e r ' s  concept of s i t e  q u a l i t y .  The 

r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  from i t s  in c e p t io n  in  May 1951 September 

1952 form th e  b a s i s  f o r  t h i s  s tu d y .
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That toil ip  p o p la r  ( L i r  iodendron t u l i p  i f  e r a  L .)  i s  a  r a t h e r  c r i t i c a l  

and. e x a c t in g  s p e c ie s  w ith  r e g a rd  to  i t s  s i t e  req u irem en ts  has been 

d em o n s tra ted  by v i r t u a l l y  a l l  r e s e a r c h  workers s tu d y in g  the  s i l v i c a l  

re q u ire m e n ts  of t h i s  s p e c ie s .  T u l ip  p o p la r  has been l i s t e d  by numerous 

w r i t e r s  as  b e in g  an i n t o l e r a n t  t r e e ,  p r i m a r i l y  w ith  r e s p e c t  to  i t s  l i g h t  

r e q u i re m e n ts .  More r e c e n t  r e s e a r c h  by th e  p r e s e n t  i n v e s t i g a t o r  and 

o th e r s  shows t h a t  t u l i p  p o p la r  must be c o n s id e re d  i n t o l e r a n t  w i th  c e r t a i n  

q u a l i f i c a t i o n s .  S p e c i f i c a l l y ,  t h i s  s p e c ie s  v a r i e s  in  i t s  deg ree  of 

in to l e r a n c e  th ro u g h o u t i t s  p h y s io lo g ic a l  growth and developm ent. For 

example, young t u l i p  p o p la r  must have a  c e r t a i n  amount o f  l i g h t  in  

e a r l y  l i f e ,  bu t no t too  much, and in  more m ature days a l l  th e  l i g h t  i t  

can g e t .  Thus, in  d i s c u s s in g  the  s i l v i c a l  req u irem en ts  o f  t h i s  s p e c ie s  

w i th  s p e c i a l  r e f e r e n c e  to  p l a n t a t i o n  grow th and s u r v i v a l ,  i t  would appear 

t h a t  th e  f o r e s t e r  would p r o f i t  by u n d e rs ta n d in g  i t s  re q u irem en ts  a t  

v a r io u s  s ta g e s  o f  c o n t in u in g  growth r a t h e r  than  a t  a  f i x e d  s ta g e  of 

m a tu r i ty .

L i t e r a t u r e  p e r t a i n i n g  to  th e  s p e c i f i c  type of d i s s e r t a t i o n  h e re  

p re s e n te d  i s  n o t  volum inous. For t h i s  re a so n ,  th e  i n v e s t i g a t o r  has 

sought to  f i n d  and rev iew  in fo rm a t io n  which b e a r s  p r in e ip a J . lv  upon 

p e r ip h e r y  s tu d ie s  r e l a t e d  to  th e  p r e s e n t  t h e s i s .  Those s tu d ie s  c lo s e ly  

r e l a t e d  to  t h i s  i n v e s t i g a t i o n  a re  p re s e n te d  f i r s t  and supp lem en ta l  s tu d ie s  

fo l lo w .

C ra ib  (1929) made e x h au s t iv e  a n a ly s e s  o f  s o i l  m o is tu re  in  the  open 

and in  th e  f o r e s t  a t  Keene, New Hampshire. He found t h a t  in  d ry  p e r io d s
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th e  s o i l s  in  open s i t u a t i o n s  c o n ta in  c o n s id e ra b ly  more m o is tu re  th an  the  

f o r e s t  s o i l s ,  "based upon e i t h e r  volume o r  weight d e te rm in a t io n s*  This 

means t h a t  th e  l o s s  o f  w a ter  th rough  the  combined a c t i o n  of t r a n s p i r a t i o n  

and e v a p o r a t io n  in  th e  f o r e s t  exceeds t h a t  in  the  open. F o r e s t  s o i l s  

were found to  become p r o g r e s s iv e ly  d r i e r  w ith  in c re a s e  in  d e p th ,  d e s p i t e  

th e  f a c t  t h a t  th e  t r e e  r o o t s  were c o n c e n t ra te d  l a r g e l y  in  th e  s u r f a c e  

la y e r s*  In  the  open, d u r in g  v e ry  d ry  p e r io d s ,  more m o is tu re  i s  found in  

th e  second 10 c e n t im e te r s  of s o i l  th a n  in  th e  f i r s t .  This i s  due to  th e  

d ry in g  e f f e c t  of th e  exposure  of th e  f i r s t  l a y e r  to  sun and x^rind. He 

found the  m o is tu re  c o n te n t  of the  s u r f a c e  l a y e r  in  th e  two a re a s  tended  

to  be e q u a l .  In  t h i s  l a y e r  th e  h ig h  l o s s  o f  m o is tu re  by t r a n s p i r a t i o n  

in  th e  f o r e s t  ten d s  to  be e q u a l iz e d  by an e q u a l ly  h ig h  lo s s  o f  m o is tu re  

by e v a p o r a t io n  in  th e  open. His work i s  c o r r e l a t e d  w ith  th e  t r e n c h in g  

exper im en ts  o f  Tourney ( 1929) .

S tew art  (1933) conducted  a s tu d y  to  g iv e  a p i c t u r e  of th e  major 

p h y s i c a l ,  chem ica l,  and b a c t e r i o l o g i c a l  d i f f e r e n c e s  betx^een the v a r io u s  

groups o f  f o r e s t  and p a s tu r e  a s s o c i a t i o n s .  He s tu d ie d  s o i l  p r o f i l e s  in 

th e  f i e l d ,  d e te rm ined  p e r m e a b i l i ty  o f  s o i l s  in  th e  f i e l d ,  and conducted  

o th e r  p h y s ic a l  and chem ical s o i l  i n v e s t i g a t i o n s .  The b a c t e r i o l o g i c a l  

work c o n s i s t e d  of th e  d e te rm in a t io n  of th e  amounts of and formed 

a f t e r  s t o r a g e ,  co u n ts  on A zo to b ac te r  and th e  p re sen c e  o r  absence  o f  

legume o rgan ism s.

A uten (19^5) conducted  a  s tu d y  on 77 n a t u r a l ,  second-grow th  ye llow  

p o p la r  s ta n d s  v a ry in g  in  age from 12 to  6 l  y ea rs  in  T ennessee , Kentucky, 

Ohio, In d ia n a ,  and I l l i n o i s ,  f o r  the  pu rpose  o f  s e t t i n g  v a lu e s  on s o i l  

p r o p e r t i e s  and to p o g ra p h ic  f e a t u r e s  as a  gu ide  in  p r e d i c t i n g  s i t e  q u a l i t y
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fo r  y e llo w  p o p la r . He e s ta b lish e d  the fa c t  th a t th e depth o f incorporation  

o f organ ic m atter in  the surface s o i l  horizon  a ffo rd s  a u se fu l c r i t e r io n  o f  

th e s i t e  ind ex. I f  the depth o f incorp oration  (A  ̂ horizon) i s  le s s  than 

one in ch , t u l ip  poplar* does not show s a t is fa c to r y  development; average or 

b e t te r  s i t e s  fo r  y e llo w  poplar occur where depth of the A-̂  horizon  i s  

th ree inches or more. Auten found the depth to  t ig h t  su b so il was a b e tte r  

c r it e r io n  of s i t e  index fo r  t u l ip  p op lar. The presence of a t ig h t  su b so il  

l e s s  than tw enty-four inches below the su rface  r e s u lt s  in  poorer than 

average s i t e s .  P oorest growth o f tu lip  poplar was observed on r id g es  and 

exposed s i t e s .  W ithin the range o f s o i l s  s tu d ied , he found no c o r r e la t io n  

between s i t e  index and cs,lcium, magnesium, phosphorus, and potassium  content 

of s o i l s .  A lso s i t e  index m s  not r e la te d  to rea c tio n  (pH value) o f the 

s o i l  o f any h orizon .

Prom 190S to  1919 P n g le r  (1919) conducted experim ents  on s o i l  d e n s i ty ,  

p o re  sp ac e ,  w a te r -h o ld in g  c a p a c i ty ,  w a ter  c o n te n t ,  p e r m e a b i l i ty  and evapo­

r a t i o n ,  c o r r e l a t i n g  in  each case  th e  e f f e c t  o f  th e  f o r e s t  on th e  f a c t o r  in  

q u e s t io n .  A f t e r  an e x h a u s t iv e  e le v e n -y e a r  s tu d y ,  Hngler concluded  t h a t  

th e  combined l o s s  o f  w a te r  from t r a n s p i r a t i o n  and e v a p o ra t io n  from open 

s o i l s  exceeds t h a t  from f o r e s t  s o i l s ,  th u s  mailing th e  f o r e s t  e x e r t  a  

b e n e f i c i a l  in f lu e n c e  on th e  w a te r  reg im en. For t h i s  re a so n  he concludes  

t h a t  more m o is tu re  i s  found in  f o r e s t  s o i l s  d u r in g  d ry  p e r io d s  of summer 

th an  is  found in  s im i l a r  open s o i l s .  These r e s u l t s  were s i m i l a r  to  

s tu d ie s  made by B urger  ( 1923) w ith  th e  e x cep tio n  t h a t  Burger found t h a t ,  

d u r in g  th e  d r i e s t  p e r io d s  of th e  summer months, th e  f o r e s t  s o i l  c o n s i s t e n t l y  

m a in ta in ed  a  lower w a ter  co n ten t  th an  s im i la r  a g r i c u l t u r a l  o r  meadow s o i l s .  

T h is ,  he s t a t e s ,  i s  due to the  h ig h  r a t e  of w a te r  lo s s  th rough  t r a n s p i r a t i o n  

by th e  f o r e s t .
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The work o f Engler has been re fu ted  and co n tr a d ic ts  th e  work o f various  

in v e s t ig a to r s  such as Ebermayer (1 8 8 9 ). Burger (1923)* and Halden ( 1926) .  

These la t t e r  in v e s t ig a to r s  found th a t the fo r e s te d  areas conta in ed  consid­

erab ly  l e s s  m oisture than the open areas during the growing season* Halden 

(1926) a lso  found th a t both in the open and in  the f o r e s t  the su rfa ce  la y er  

i s  the more m o ist, but during p er io d s of drought th is  d is tr ib u t io n  in  the  

open may be reversed .

McCarthy (1933) p o in ts  out th a t th ere  are many in d ic a tio n s  in the  

observed behavior o f  younger tu l ip  poplar t r e e s ,  th a t in ea r ly  youth the 

sp e c ie s  must have adequate l ig h t  and m oistu re . In a d d itio n  to t h i s ,  tu lip  

poplar must be favored  by c lim a te , both in  p r o te c tio n  from extremes of 

tem perature and assurance of a reasonably long growing season . In d ica tio n s  

of th e e f f e c t  of c lim a te  are found in in ju ry  to the th in  bark o f young 

tr e e s  through sun s c a ld s , which have been noted by McCarthy in southern  

Indiana. In i t s  extreme southern range, ye llow  poplar grows on ly  on m oist 

s i t e s  where i t  is  p ro tec ted  from extreme drying. McCarthy was unable to 

determ ine to what degree temperature i s  a fa c to r  in growth.

McCarthy p o in t s  ou t t h a t  good grow th  of t u l i p  p o p la r  on sandy s o i l s ,  

as  on th e  Cumberland P l a t e a u  of T ennessee , appears  to  be s u i t a b l e  only  i f  

f r e e  from e x c e s s iv e  d ry in g .  He s t a t e s  t h a t  t h r i f t y  t r e e s  a re  never found 

on ve ry  d ry  o r  v e ry  wet s o i l s ;  th e  t r e e  i s  c h a r a c te r i s e d  by be in g  ve ry  

e x a c t in g  in  s o i l - m o i s tu r e  re q u ire m e n ts .  He found t h a t  th e  in f lu e n c e  o f  

chem ical com position  of s o i l  on the  grow th of p o p la r  i s  a p p a r e n t ly  s l i g h t ;  

i t  grew w ell  on s o i l s  h ig h  in  lim e  and on th o se  d e f i c i e n t  in  l im e .  McCarthy 

o b se rv es  t h a t  d ry  s i t e  c o n d i t io n s  a r e  r e f l e c t e d  in  a  marked r e d u c t io n  of 

growth r a t e  and lo v e r  d e n s i ty  of n a t u r a l  s ta n d s .  On s te e p  h i l l s i d e s  ye llow
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p o p la r  w i l l  o f t e n  e x h ib i t  a  marked d i f f e r e n c e  in  h e ig h t  grow th  w i th in  a

d i s t a n c e  o f  50 f e e t  up o r  down th e  s lo p e .

He p o i n t s  o u t  t h a t  marked d i f f e r e n c e s  in  h e ig h t  and d ia m e te r  growth 

may o ccu r  on e roded f i e l d s ,  w ith  t r e e s  o f  th e  same age . The r a t e  o f  d ia ­

m ete r  grow th  o f y e l lo w  p o p la r  i s  de te rm ined  by th e  s i z e  o f  th e  crown formed 

and r e t a i n e d  by th e  t r e e .  I f  a  goodly  p o r t i o n  o f  th e  t o t a l  h e ig h t  i s  

o ccup ied  by th e  crown, th e  t r e e  w i l l  grow r a p id ly  in  d ia m e te r ,  b u t th e  b o le  

w i l l  t a p e r  v e ry  s h a rp ly  w i th in  th e  crown.

S h i r l e y  (1929) in  d i s c u s s in g  th e  h e ig h t  and d iam e te r  growth o f  t r e e s  

s t a t e s ,  nlow l i g h t  i n t e n s i t i e s  s t im u la te  h e ig h t  grow th a t  th e  expense o f  

d ia m e te r  grovvrth, top  growth a t  th e  expense of ro o t  grovrth, l e a f  a re a  dev­

elopment a t  th e  expense o f  l e a f  th i c k n e s s ,  and succu lence  a t  th e  expense 

o f  s t r e n g t h  and s t u r d i n e s s .

According  to  T ay lo r (1917) t u l i p  p o p la r  i s  e x a c t in g  in  i t s  s o i l ,  

m o is tu re ,  and l i g h t  re q u ire m e n ts .  I t  demands a s o i l  t h a t  i s  w e l l  d ra in e d  

y e t  m o is t .  L ig h t  sands and heavy c la y s  a re  u n fa v o ra b le  to  i t s  growth.

T u l ip  p o p la r  w i l l  no t t h r i v e  in th e  shade; i f  overtopped  f o r  a  s h o r t  

tim e by o th e r  t r e e s  i t  soon d i e s .  The c le a n ,  smooth t ru n k  i s  ev idence  t h a t  

i t  cannot t o l e r a t e  shade .

Tourney and K o r s t i a n  (1937) made th e  o b se rv a t io n  t h a t  a v a i l a b l e  w ater 

and e v a p o ra t io n  work to g e th e r  in  caus ing  d i f f e r e n c e s  in  grow th form. T rans­

p i r a t i o n  i s  a p h y s io lo g ic a l  p ro c e ss  de term ined  by b o th  e x te r n a l  and i n t e r n a l

f a c t o r s .  The e x t e r n a l  f a c t o r s  a re  e v ap o ra t io n  which in f lu e n c e s  p a r t s  above

ground , and a v a i l a b l e  s o i l  w a te r  which in f lu e n c e s  th e  p a r t s  below ground. 

E v a p o ra t io n  thus  by a f f e c t i n g  s o i l  c o n d i t io n s ,  a lso  in f lu e n c e s  th e  p a r t s  o f  

t r e e s  below the  s u r f a c e .
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A c o r r e l a t i o n  ap p ea rs  to  e x i s t  "between h e ig h t  growth o f  t r e e s  and a v a i l a b l e  

w a ter  su p p ly .  A d e c re a s e  in  th e  w a te r  req u ire m e n ts  f o r  optimum growth r e s u l t s  

in  a  r a p i d  f a l l i n g  o f f  in  h e ig h t  growth* e s p e c i a l l y  d u r in g  th e  growing seaso n . 

Thin  s o i l s  in  which t h e r e  i s  a  s c a n ty  supp ly  o f  m o is tu re  d u r in g  the  growing 

season  p roduce  t r e e s  o f  low h e ig h t  f o r  th e  s p e c ie s  (C o i le ,  1935)- Dry s o i l  

and h ig h  e v a p o ra t io n  cause  t r e e s  to  assume a  c h a r a c t e r i s t i c  s tu n te d  grow th.

H icock, Morgan, L u tz ,  B u l l  and Lunt (1931) s tu d ie d  th e  r e l a t i o n s h i p  be­

tween s o i l  ty p e  and v e g e ta t io n  on fo u r  ex p er im en ta l  t r a c t s ,  a g g re g a t in g  210 

a c r e s  in  C o n n e c t ic u t .  Woody v e g e ta t io n  was c h a r te d  on t r a n s e c t s  and th e  

he rbaceous  v e g e ta t io n  s tu d ie d  by means of q u a d ra ts .  C o r re la t io n  o f  a g iv en  

t r e e  s p e c ie s  w ith  a  s p e c i f i c  s o i l  ty p e  was l a r g e l y  u n s u c c e s s fu l .  By c l a s s ­

i f y in g  th e  s o i l s  in to  f o u r  b road  groups on th e  b a s i s  o f  m o is tu re  c o n d i t io n s ,  

some c o r r e l a t i o n  was e v id e n t .  T u l ip  p o p la r  formed l e s s  than  one p e rc e n t  o f  th e  

t o t a l  and th r e e  p e rc e n t  o f  th e  p r i n c i p a l  s ta n d .  I t  was found to  some e x te n t  

on a l l  b u t  th e  d r i e s t  s o i l s ,  bu t  was most abundant on s o i l s  hav ing  a  h ig h  

m o is tu re  c o n te n t .  P o p la r  was no t found on muck, and i t  seemed to  show a 

marked p r e f e r e n c e  f o r  th e  h e a v ie r  w e l l - d r a in e d  s o i l s .

D ata  o b ta in e d  by th e s e  i n v e s t i g a t o r s  in d ic a te  t h a t  th e  s low ly  d ra in e d  

s o i l s  su p p o r t  a  g r e a t e r  number o f  b o th  s p e c ie s  and in d iv id u a ls  of herbaceous 

and shrubby p l a n t s  th an  th e  r a p id ly  d ra in e d  s o i l s .  A ttem pts  were l a r g e l y  

u n s u c c e s s fu l  in  u s in g  p l a n t s  as i n d i c a to r  ty p e s ,  excep t in  b road  s o i l  d i v i s ­

ions  based  upon s o i l - w a t e r  r e l a t i o n s .  They found m esophytic  s p e c ie s  on th e  

s low ly  d ra in e d  loams and xero -m esophy tic  p l a n t s  on th e  more r a p i d l y  d ra in e d  

and d r i e r  s o i l s .  The g e n e ra l  la c k  of c o r r e l a t i o n  between c e r t a i n  p l a n t s  and 

s o i l  ty p e s  was p o s s ib ly  due to  th e  f a c t  t h a t  th e  g e n e ra l  e x c e l le n c e  o f  c l im a t i c  

f a c t o r s  may compensate to  some e x te n t  f o r  p o v e r ty  of c e r t a i n  s o i l  c o n d i t io n s .
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T his  would "be p a r t i c u l a r l y  t r u e  w i th in  r a t h e r  narrow l i m i t s  o f  s o i l  v a r i a t i o n .

K ienho lz  (19^-1) s tu d ie d  th e  s e a so n a l  cou rse  o f  h e ig h t  growth in  c e r t a i n  

hardwoods in  C o n n e c t ic u t ,  The s e a so n a l  cou rse  of h e ig h t  growth o f t r e e s ,  

f i r s t  y e a r  s p r o u t s ,  and second y e a r  s p ro u ts  was measured d u r in g  fo u r  grow­

ing  s e a s o n s .  Most o f  th e  s p e c ie s  s t a r t e d  h e ig h t  growth l a t e  in  A p r i l  or 

ve ry  e a r l y  May; t h e r e  was a s u r p r i s i n g l y  l i t t l e  d i f f e r e n c e  "between th e  

d i f f e r e n t  s p e c ie s  examined in  th e  tim e o f  s t a r t i n g  growth. K ienholz  grouped 

th e  hardwoods in to  two main c l a s s e s  on th e  b a s i s  of t h e i r  s e a so n a l  h e ig h t  

growth b e h a v io r .  The second c l a s s  i s  r e p r e s e n te d  by g ray  and w h ite  b i r c h ;  

s c a t t e r e d  measurements in d ic a te d  t h a t  t u l i p  p o p la r  has s im i l a r  growth c u rv e s .  

Growth f o r  s p e c ie s  a l l i e d  to  t u l i p  p o p la r  s t a r t e d  in  l a t e  A p r i l ,  ro s e  

g r a d u a l ly  to  a  peak  of maximum growth in  m id-June , f e l l  o f f  g r a d u a l ly  to  

cease  in  mid-August —  a  growing season  o f  110 day s .  N ine ty  p e rc e n t  o f  th e  

h e ig h t  g row th  was com pleted in  about 60 days from May 20 to  J u ly  20. The 

se a s o n a l  p ro g r e s s  o f  g row th  was g r a p h ic a l l y  shown by p l o t t i n g  average  d a i ly  

increm ent in  m i l l im e te r s  a g a in s t  weekly p e r io d s .  The curve o f  growth o f  any 

g iv e n  s p e c ie s  was q u i t e  s i m i l a r  from y e a r  to  y e a r ,  e s p e c i a l l y  th e  tim e of

re a c h in g  th e  peak  o f most r a p id  growth.

D i l l e r  ( 1930) conducted  an in v e s t i g a t i o n  on th e  r e l a t i o n  o f  te m p era tu re

and p r e c i p i t a t i o n  to  th e  growth o f beech in  n o r th e rn  In d ia n a .  He de term ined

th e  average  annual r i n g  w id th  f o r  t e n  dominant beech t r e e s  in  each o f  seven 

beech-m aple  woodlands f o r  th e  p e r io d  1913-1933• From h i s  r e s u l t s ,  y e a r ly  

v a r i a t i o n s  in  th e  w id th  o f  annual r in g s  f o r  a 2 0 -y ea r  p e r io d  were in v e r s e ly  

c o r r e l a t e d  w ith  th e  averag e  te m p era tu re  f o r  th e  month o f  June . Y early  v a r ­

i a t i o n s  in  th e  w id th  of th e  annual r in g s  f o r  th e  same p e r io d  were c o r r e l a t e d  

d i r e c t l y  in  c e r t a i n  woodlands w ith  the  t o t a l  p r e c i p i t a t i o n  f o r  th e  month o f
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June a t  s t a t i o n s  n e a r e s t  th e  woodlands s tu d ie d .  D i l l e r  found t h a t  in most 

c a s e s ,  d ro u g h t y e a r s  showed t h e i r  e f f e c t s  on grow th  th e  fo l lo w in g  y e a r  

p ro b ab ly  due to  an accum ulated  d e f ic ie n c y  in  s o i l  m o is tu re ,  whereas wet 

y e a r s  showed an in c r e a s e  in  growth th e  same y e a r .  He surm ises  t h a t  i f  t h i s  

p e r io d  o f  d rough t y e a r s  c o n t in u e s  over an extended p e r io d  th e r e  p ro b ab ly  

would be a  g ra d u a l  r e t r o g r e s s i o n  of th e  beech-m aple ty p e  w ith  th e  co rrespond­

ing  advance o f  th e  oak-maple and o a k -h ick o ry  f o r e s t  ty p e s .

Bogue ( 1905) d e te rm ined  th e  average  w id th  o f  th e  annual r i n g s  o f  k2 

t r e e s  n e a r  L an s in g , M ichigan, f o r  th e  y e a r s  1%92 and 190^ and found a 

c o r r e l a t i o n  between p r e c i p i t a t i o n  and w id th  of annual r i n g s .  He s t a t e s  t h a t  

an abnorm ally  l a r g e  o r  sm all annual p r e c i p i t a t i o n  i s  ev idenced  by th e  t r e e  

grow th th e  fo l lo w in g  y e a r .

S tew art  ( 1913 ) compared th e  w id th  of annual r in g s  o f  an oak stump a t  

York, Hew York, w ith  w eather  r e c o rd s  a t  R o ch e s te r ,  25 m iles  n o r th .  G re a te r  

co rrespondence  was found between v a r i a t i o n s  in  r a i n f a l l  f o r  June and J u ly  and 

r in g  w id th  th a n  between r a i n f a l l  f o r  th e  e n t i r e  growing season  and r i n g  w id th .

P ea rso n  (1918) compared th e  annual h e ig h t  growth o f  P onderosa  P in e  

s a p l in g s  and th e  p r e c i p i t a t i o n  f o r  v a r io u s  p e r io d s .  He found t h a t  s p r in g  

p r e c i p i t a t i o n  (A p r i l  and May) was a p p a r e n t ly  th e  c o n t r o l l i n g  f a c t o r .  F a c to r s  

r e f l e c t i n g  th e  a tm o sp h er ic  c o n d i t io n s  in c lu d in g  e v a p o ra t io n  showed a  c lo s e ,  

though no t c o n s i s t e n t ,  r e l a t i o n  to  h e ig h t  growth. The h e ig h t  growth v a r ie d  

i n v e r s e ly  w ith  the  te m p e ra tu re  p ro b ab ly  because  of th e  in f lu e n c e  of temper­

a tu r e  on t r a n s p i r a t i o n  and t h e r e f o r e  on th e  r e l a t i v e  w ater su p p ly .

A r e c e n t  s tudy  by Tryon and Myers (1952) shows t h a t  p e r io d i c  p r e c i p i t a t i o n  

th ro u g h o u t th e  summer months (May 1 to  June 3$) f o r  a  l o c a l i t y  in  West V i r g in i a ,  

was h ig h ly  c o r r e l a t e d  w ith  w id th  o f  annual r in g  f o r  t u l i p  p o p la r .  Hine t u l i p
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p o p la r  t r e e s  in  th e  co-dom inant and dominant c ro w n -e la s se s  were examined f o r  

r a d i a l  grow th  by means o f  increm ent c o re s  f o r  th e  p e r io d  1929 to  19^9 * E e s u l t s  

in d ic a te d  a  b e t t e r  r e l a t i o n s h i p  between r a d i a l  growth and p r e c i p i t a t i o n  

d u r in g  May 1 to  June 3^» th e  e a r ly  p o r t i o n  o f  th e  growing sea so n , than  f o r  th e  

p e r io d  most n e a r ly  co v e r in g  th e  e n t i r e  growing seaso n , May 1 to  August 31* 

C o r r e la t io n  c o e f f i c i e n t s  f o r  th e  f i r s t  p e r io d  was 0 .675  and t h a t  o f  th e  

l a t t e r  0 .5 5 9 -  Growth r in g  b o r in g s  on t r e e s  ta k en  on o th e r  s p e c ie s  in  th e  

s ta n d  showed no a p p a ren t  c o r r e l a t i o n  w ith  p r e c i p i t a t i o n ,  in d i c a t i n g  t h a t  

th e s e  s p e c ie s  are  l e s s  s e n s i t i v e  to  low s o i l  m o is tu re  th an  th e  y e llo w  p o p la r .

M inck ler  (19^-1, 19^3) r e p o r te d  on f i r s t - y e a r  s u r v iv a l  o f  t u l i p  p o p la r  

on o l d - f i e l d  p l a n t a t i o n s  in  th e  G reat A ppalach ian  V a lley .  S e e d lin g s  o f  1-0 

s to c k  o f  t u l i p  p o p la r  were p la n te d  on o n e - fo u r th  a c re  ex p er im en ta l  p l o t s ,  

each p l o t  c o n ta in in g  297 t r e e s .  A n a ly s is  of th e  d a ta  was based  upon p e r ­

cen tag e  s u r v iv a l  p e r  p l o t  a t  th e  end of th e  f i r s t  growing seaso n . Three s o i l  

ty p e s ,  two s lo p e  a s p e c t s  and two growing seasons  were used  as  c r i t e r i a  f o r  

s u r v i v a l .  M inck ler  found t h a t  in  a  v e ry  dry  y e a r ,  t u l i p  p o p la r  gave on ly  

f a i r  s u r v iv a l  on l im e s to n e  so u th  s lo p e s  and f a i l e d  e n t i r e l y  on sh a le  sou th  

s lo p e s .  White p in e  was much l e s s  a b le  to  t o l e r a t e  heavy v e g e ta t iv e  comp­

e t i t i o n  th a n  was y e l lo w  p o p la r .  M o r ta l i ty  caused by drought was g r e a t e s t  f o r  

t u l i p  p o p la r  on s h a le  and l im e s to n e  so u th  s lo p e s .  When a l l  s o i l  ty p e -a s p e c t  

c l a s s e s  were c o n s id e re d  to g e th e r ,  a sh  and xiralnut c o n s t i t u t e d  th e  h ig h e s t  

s u r v iv a l  g roup , ye llow 1 p o p la r  was second, and w hite  p in e  and s h o r t l e a f  p in e  

were t h i r d .  The im portance o f  th e  c o n d i t io n  o f  th e  B s o i l  h o r iz o n  was 

i l l u s t r a t e d  by th e  fo l lo w in g  com parisons on v a r io u s  s i t e s .  On f r i a b l e ,  

p l a s t i c ,  and s t i f f  B h o r iz o n s ,  y e l lo w  p o p la r  mean h e ig h t  growth in  two y e a r s  

was 2 .5 ,  1.5» a^d 0 .8  f e e t  r e s p e c t i v e l y .  These r e s u l t s  show th e  re sp o n se  of
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h e ig h t  grow th to  c o n d i t io n  of reduced  r a i n f a l l  on y e l lo w  p o p la r  i s  much 

g r e a t e r  on s o i l s  w i th  a  r e l a t i v e l y  h a rd  and im pervious B h o r iz o n ;  t u l i p  

p o p la r  showed b e t t e r  grow th  on n o r t h e r l y  th an  on s o u th e r ly  s lo p e s .  In  

g e n e r a l ,  t h e  h e ig h t  growth of t u l i p  p o p la r  was r e l a t e d  to  d e p th  o f  th e  A 

s o i l  h o r iz o n .  F o r  y e l lo w  p o p la r ,  35 p l a n t a t i o n s  w ith  an A h o r iz o n  dep th  

o f  seven  in ch es  o r  over grevr 30 p e rc e n t  more th an  Ul comparable p l a n t a ­

t i o n s  w i th  a  c o rre sp o n d in g  d ep th  of l e s s  th a n  seven  in c h es .  B ine p la n ­

t a t i o n s  on s i t e s  abandoned s i x  y e a r s  o r  more grew 1*5 f e e t  a s  compared 

w i th  O.g f e e t  on ^1 p l a n t a t i o n s  lo c a t e d  on s i t e s  abandoned l e s s  th a n  s i x  

y e a r s .  The d ry -y e a r  p l a n t in g s  o f  yellow  p o p la r  showed a  marked r e d u c t io n  

in  grow th as compared to w e t-y ea r  p l a n t i n g s .  Yellow p o p la r  d ry -y e a r  

p l a n t in g s  grew as  w e ll  as w e t-y ea r  p l a n t in g s  on f r i a b l e  s o i l ,  b u t  on ly  

62  p e r c e n t  and 36 p e rc e n t  as  w e ll  r e s p e c t i v e l y  on p l a s t i c  and s t i f f  s o i l s .

P e a rso n  (1930) a t tem p ted  to  a s c e r t a i n  whether th e  upper f o o t  o f  s o i l  

a c t u a l l y  becomes d r i e r  under or n ear  groups of t r e e s ,  than  in  open s i t u a ­

t i o n s .  His r e s u l t s  were o b ta in e d  a t  th e  Southw estern  F o r e s t  Experiment 

S t a t i o n .  He found in  every  in s ta n c e  t h a t  t h e r e  was more m o is tu re  a t  

d ep th s  of s i x  and tv /elve inches  under th e  t r e e  groups than  j u s t  o u ts id e  

the  crowns to  th e  e a s t  o r  w es t .  Shade and l e a f  l i t t e r  p ro b ab ly  e x p la in  

th e  h ig h e r  m o is tu re  c o n te n t  under th e  t r e e s .  P ea rso n  concluded  t h a t  in  

f o r e s t s  of th e  Southw est, h e a t  appea rs  to  be s c a r c e ly  l e s s  im portan t th a n  

m o is tu re .  S o i l  m o is tu re  is  a c r i t i c a l  f a c t o r  in  th e  e a r l y  l i f e  of seed­

l i n g s  in  th e  Southw est, b u t  a f t e r  th e  r o o t s  have p e n e t r a t e d  a fo o t  or 

more th e  e f f e c t s  of d e f i c i e n t  m o is tu re  a r e  m an ife s ted  more in  slow growth 

than  in  a c t u a l  d e a th .
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Kozlowski (19^9) s tu d ie d  th e  e f f e c t s  o f  shad ing  on ap p a ren t  p ho to ­

s y n th e s i s  f o r  s e e d l in g s  of t u l i p  p o p la r .  In  o rd e r  to  t e s t  th e  e f f e c t  of 

reduced  l i g h t  i n t e n s i t y  on th e  p h o to s y n th e t ic  c a p a c i ty  of t u l i p  p o p la r ,  

s e e d l in g s  o f  t h i s  s p e c ie s  were grown under c h e e s e c lo th  shades a t  f i v e  

d i f f e r e n t  l i g h t  i n t e n s i t i e s *  P h o to s y n th e t ic  r a t e s  o f  t u l i p  p o p la r ,  

e x p re ssed  as m il l ig ra m s  o f  C0? p e r  square  d ec im e te r  of f o l i a g e  p e r  hou r , 

were d e te rm in ed  and ana lyzed  s t a t i s t i c a l l y  from a L a t in  square  arrangement* 

An a n a l y s i s  of v a r ia n c e  in d ic a te d  no r e a l  d i f f e r e n c e s  cou ld  he a t t r i b u t e d  

to  th e  sh ad in g  p r e t r e a tm e n t  a lone* P h o to s y n th e t ic  r a t e s  o f  ye llow  p o p la r  

shoved no s i g n i f i c a n t  d i f f e r e n c e s  between shade grown and l i g h t  grown 

g ro u p s .  He found t h a t  y e l lo w  p o p la r  reached  a  v e ry  h ig h  p e rc e n ta g e  o f 

p h o to s y n th e s i s  a t  low l i g h t  i n t e n s i t y .  The e f f e c t  o f  l i g h t  i n t e n s i t y  

was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  p in e  and re d  maple, b u t  n o t  f o r  t u l i p  

p o p la r .

E l l i o t t  (1915) p o in t s  ou t t h a t  tw o-year s e e d l in g s  grew as w ell as 

cou ld  be ex p ec ted  f o r  th e  f i r s t  y e a r  in  an open f i e l d  bo rdered  on one 

end and a long  i t s  two s id e s  by v i r g i n  f o r e s t s  which c a s t  a  shadow over 

th e  b o rd e r  of th e  f i e l d .  At th e  end o f  th e  f o u r t h  y e a r  p r a c t i c a l l y  a l l  

were dead excep t th o se  en joy ing  th e  shade o f the  a d ja c e n t  f o r e s t ;  th e  

c o n d i t io n  of th o se  in  p a r t i a l  shade v a r i e d  in th e  r a t i o  o f t h e i r  n e a rn ess  

to  th e  f o r e s t ;  th e  p l a n t s  in  the  rows n ex t to th e  woods be ing  f a r  the  b e s t .  

E l l i o t t  su rm ised  t h a t  the  " f o r e s t  f l o o r "  had something to  do w ith  the  

r e s u l t .

Ho m a t te r  how e x a c t in g  f o r  l i g h t  the  t u l i p  t r e e  may be when p e s t  

th e  age o f  i t s  in fa n c y ,  i t  can have too much l i g h t  and sunsh ine  in  i t s  

e a r ly  l i f e .  He s u g g e s ts  red  p in e  or European l a r c h  as "nurse  t r e e s "  f o r
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t u l i p  p o p la r  p l a n t a t i o n s , s e t  ou t ©, few y e a r s  b e fo re  th e  t u l i p  t r e e s  to 

g iv e  th e  needed sh ad e , th e se  to  be p l a n t e d  in  a l t e r n a t e  rows o r  a l t e r ­

n a t e l y  in  the  row s. I f  pu re  t u l i p  is  d e s i r e d ,  remove the  n u rse  t r e e s  

in  t h in n in g .  E l l i o t t  says t h a t  young t u l i p  p o p la r  must have a c e r t a i n  

amount o f  l i g h t  in  e a r ly  l i f e ,  bu t  n o t  too much, and in  l a t e r  l i f e  a l l  

th e  l i g h t  th e y  can g e t .
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HISTORY OF RUSS FXPHRIMMTAL F0R3ST

The sam pling a r e a  under c o n s id e r a t io n  r e p r e s e n t s  a  f o r e s t  p l a n t a ­

t i o n  in  Cass County, so u th w es te rn  M ichigan, which was p la n te d  to  t u l i p  

p o p la r  "by Mr. F red  Russ in  193&* u s in g  h a n d -p la n t in g  methods. The Russ 

F o r e s t  o f  5SO a c r e s  was donated  to  M ichigan S ta te  College in  19^2 hy 

Mr. F red  Russ o f  C a s so p o l is ,  M ichigan. I t  in c lu d e s  most of the  a r e a

fo rm e r ly  known as th e  Newton Farm, an e a r l y  government la n d  g ra n t  to

the  Newton fa m ily  in  whose hands th e  p ro p e r ty  rem ained f o r  99 y e a r s .  

Some 220 a c r e s  a r e  covered  w ith  mature t im ber  and 320 a c re s  a r e  in  

p l a n t a t i o n s .  An e x t r a c t  from th e  d ia r y  of Mr. F red  Russ, donor, i s  

quoted  as  f o l lo w s :

" In  June , 1935» 1 bought a c re s  of th e  Newton Farm —
known as  th e  Newton Woods. There were abou t 2^0 a c re s  o f  woods
on th e  p a r t  I  bough t.

Soon a f t e r  th e  purcha.se I dec ided  to  p l a n t  the  n o r th  h a l f  
of th e  s o u th e a s t  q u a r t e r  s e c t io n  29 to  T u l ip s .  This SO a c re s  
had about e ig h t  a c re s  o f  young t r e e s  m ostly  Beech and Maple 
in  th e  sou thw est c o rn e r .  The r e s t  of th e  lan d  had been ru n  
q u i t e  b a d ly .  I t  was lan d  where T u l ip s  grew n a t u r a l l y  and th e  
SO a c r e s  j u s t  so u th  of i t  has some o f  the  l a r g e s t  T u l ip s  in  
t h i s  p a r t  o f M ichigan. The w ater l e v e l  on t h i s  lan d  i s  about 
s i x  f e e t  below th e  s u r f a c e .  I t  i s  a  s i l t  sand w ith  some c la y  
in  th e  s u b s o i l .  I t  was p ro b ab ly  a la k e  bottom a t  one t im e ."

The l a t t e r  p o r t i o n  of the  above d ia r y  e x t r a c t  r e f e r s  to  th e  a r e a  

in  which the  p r e s e n t  i n v e s t i g a t i o n  was c a r r i e d  o u t .  With the  excep­

t i o n  o f  Mr. R u ss1 d i a r y  and s e v e ra l  p e rs o n a l  accoun ts  g iven  bj?" l o c a l  

r e s i d e n t s ,  th e  in fo rm a t io n  con ce rn in g  t h i s  p l a n t a t i o n  is  r a t h e r  s c a n t .  

The on ly  o th e r  in fo rm a t io n  r e l a t i v e  to  th e  growth and c o n d i t io n  of 

t h i s  p l a n t a t i o n  i s  a  s u r v iv a l  and grow th  s tu d y  made in  19^9 by
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Mr* C. I n g e r s o l l  A rno ld , F o r e s t e r ,  Russ F o r e s t . 3 This s tu d y  i s  r e s t r i c t e d  

to  h e ig h t  and d ia m e te r  measurements and e x te n t  o f  s u r v iv a l  fo l lo i- ’ing 

p a t h o lo g ic a l  i n ju r y .  No a t tem p t was made in  th e  above r e p o r t  to d e t e r ­

mine th e  cause or c au se s  f o r  d i f f e r e n c e s  in  h e ig h t  grovrth, o th e r  th an  

s p e c u la t io n .

3 . A rno ld , C. I n g e r s o l l .  E a r ly  S u rv iv a l ,  Growth, and D isease  in  
T u l ip  Tree P l a n t a t i o n s  in Southern  M ichigan. U npublished  
m an u sc r ip t .  Michigan S ta t e  C o lleg e ,  Jan u a ry ,  19^9*
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DESCRIPTION OP EXPERIMENTAL AREA,

A ll  d e s c r i p t i v e  d a ta  f o r  th e  p l a n t a t i o n  •under c o n s id e r a t io n  as v e i l  

as in fo rm a t io n  on th e  hardwood f o r e s t  a d ja c e n t  to  th e  e x p e r im en ta l  a r e a  

r e f e r  to  a  15 y e a r  o ld -2 0  a c re  mixed t u l i p  p o p l a r - c a t a l p a  p l a n t a t i o n  

( P ig .  3 ) .  This  a r e a  l i e s  w i th in  th e  Gray-Brown P o d z o lic  s o i l  group of 

s o u th w es te rn  M ichigan. The topography i s  m ainly  l e v e l  o r  g e n t ly  undu­

l a t i n g  w i th  an e l e v a t i o n  o f  ap p ro x im a te ly  900 f e e t  above sea  l e v e l .  The 

e x p e r im en ta l  a r e a  c o n s i s t s  of an outwash p l a i n  and o th e r  sandy d r i f t  of 

g l a c i a l  o r i g i n .  The s o i l  was formed from sand and g ra v e l  d e p o s i te d  by 

w ater  i s s u in g  from th e  ic e  b o rd e r  between th e  in n e r  and o u te r  r id g e s  of 

th e  Kalamazoo M oraine. S o i l s  in  t h i s  a r e a  a re  g e n e r a l ly  f r e e  from la r g e  

b o u ld e rs  or s to n e s .  The s o i l s  on the  ex p e r im en ta l  p l o t  a re  a c id  v a r i a n t s  

of t h r e e  r a t h e r  c l o s e l y  r e l a t e d  s o i l  ty p e s ,  the  Pox sandy loam, Warsaw 

sandy loam, and Bronson sandy loam (Map 1 ) .  In  i s o l a t e d  s p o t s ,  loam 

o r  c lay e y  loam may o v e r l i e  th e  g r a v e l ly  s u b s o i l  as a r e s u l t  of p a s t  

m ixing o f  th e  p r o f i l e  by p low ing . The a r e a  i s  d ra in e d  by meandering 

Dovagiac Creek and th e  o v e r a l l  d ra in a g e  i s  moderate t o  good, w ith  the  

ex ce p t io n  o f s e v e ra l  d e p re s s io n  s p o t s .  D e ta i le d  p r o f i l e  d e s c r ip t i o n s  

of each s o i l  type  a r e  in c lu d ed  f o r  re a d y  r e f e r e n c e  to  edaphic  and 

m ic ro b ia l  r e l a t i o n s h i p s .

The f i e l d s  in  q u e s t io n  had been h e a v i ly  farmed f o r  many y e a r s  p r i o r  

to  th e  t u l i p  p o p la r  p l a n t i n g .  Very l i t t l e  a t t e n t i o n  had been g iv en  to  

r e b u i ld in g  th e  s o i l  w i th  f e r t i l i z e r  of any ty p e .  As a  r e s u l t ,  th e  s o i l s  

v e re  so d e p le te d  t h a t  f o r  th e  l a s t  few y e a rs  p r i o r  to th e  d isposa l,  o f  the



22

MAP 1 .

SOILS MAP OF THE PLANT AT I  ON-GROWN 
TU LIP POPLAR EXPERIMENTAL AREA WITH IT S  

CORRESPONDING SOIL BOUNDARIES
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li&flYiLLOW POPLAR
^  L I R I O D f N O R O N  T U U P I F B * * -  

H  , f  p |  \ N T f f i  B Y  M R .  R U S S  IN I f t  8  _LS8 r t m  1

F ig .  3 .

A g e n e r a l  view o f  th e  ex p er im en ta l a r e a  lo o k in g  sou thw es t.
This pho to  was ta k en  A p r i l  19, 1952, p r i o r  to  "budding o f th e  t r e e s .  
Note th e  absence  of c u l t i v a t i o n  between rows and th e  e x te n t  of 
f o r e s t  l i t t e r .

This  p a r t ic u la r*  p o r t i o n  o f  th e  15 y e a r  o ld -  20 ac re  p l a n t a t i o n  
i s  d e s ig n a te d  as Area l,Y", o r  th e  a r e a  of poor h e ig h t  growth.
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MAP OF THE PROBLEM AREA AND ADJOINING LANDS
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p r o p e r ty  "by th e  o r i g i n a l  owner, th e  len d  was u n ab le  to  p roduce pay ing  

c ro p s ,  “Wheat and corn  were th e  two c h ie f  c rops  grown, and no though t 

was g iv e n  to  c rop  r o t a t i o n  o r  s o i l  e n r ic h in g  a g e n ts .  Where th e  s o i l  

had n e v e r  been used  f o r  a g r i c u l t u r a l  p u rp o se s ,  th e  top  s o i l  was a. r i c h ,  

b la c k ,  s a n d y -c la y  loam o c c u r r in g  as  a  remnant o f  the  o ld  p r a i r i e  of 

so u th w es te rn  M ichigan.

In  193$» tw enty  a c re s  o f  t u l i p  p o p la r  were p la n te d  on th e  Sg- of 

N-Jr o f  SBy o f  Sec 29, T^S, RlUw, Oass County, M ichigan. These t r e e s  

were home grown by Mr. Russ and p la n te d  in  the  s p r in g .  T rees were s e t  

l ^ ' S ’1 a p a r t  w ith  s ta g g e re d  rows 7 ,^ n a p a r t ,  and c u l t i v a t e d  th e  f i r s t  

y e a r  o n ly .  There was a ve ry  low m o r t a l i t y  o f  young s e e d l in g s  th e  f i r s t  

y e a r .  In  1939» c a t a l p a  t r e e s  were p la n te d  in  rows between th e  t u l i p  

p o p la r  and were n o t  c u l t i v a t e d .  These t r e e s  have s in c e  shown very  poo r 

growth and s u r v i v a l .  By O ctober ,  19^1, the  t u l i p  p o p la r  t r e e s  were 

m os tly  f o u r  f e e t  to  e ig h t  f e e t  t a l l  w ith  some of them twelve f e e t  or 

more. The f i r s t ,  t h i r d ,  f i f t h ,  and s e v e n th  rows a c ro ss  th e  n o r th  end 

o f th e  p l a n t a t i o n  were grown from seed ta k en  from th e  l a r g e  t u l i p  p o p la r  

so u th  of th e  p l a n t a t i o n .  The t o t a l  number o f  t u l i p  t r e e s  l i v i n g  and 

dead in  th e  e n t i r e  tw enty  a c r e s  i s  £ft-63» or *4-23 t r e e s  p e r  a c r e .  R eference  

to  Maps l a  and 2 -g iv e  an a c c u ra te  d e s c r ip t i o n  of th e  ex p e r im en ta l  a re a  

and th e  a d ja c e n t  hardwood s ta n d .  An a e r i a l  pho tog raph  (F ig .  h) taken  in  

1950 has been in c lu d e d  to  show th e  f o r e s t  cover and su rro u n d in g  la n d .

The 15 y e a r  o ld -2 0  a c re  p l a n t a t i o n  running  660' e a s t -w e s t  and 1320' 

n o r th - s o u th  i s  b o rd e re d  by a dense , m atu re , mixed hardwood f o r e s t  lo c a t e d  

n o r th ,  s o u th ,  and west of th e  p l a n t a t i o n .  Those t u l i p  p o p la r  t r e e s  which 

a re  p la n t e d  c lo se  to  th e  f r i n g e  o f  Woods A, B, and C (waps l a  and 2) a re
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one and. o n e - h a l f  to two tim es th e  a v e rag e  h e ig h t  o f  t r e e s  o f  th e  same age, 

d e n s i t y ,  and same p l a n t a t i o n  f u r t h e r  removed from th e  woods (T ab le  1 ) .

The av erag e  d ia m e te r  growth i s  one and o n e -h a l f  tim es g r e a t e r  on t r e e s  

l o c a t e d  c lo s e  to  th e  o ld -g ro w th  vnods. This o b s e rv a t io n  of th e  d i f f e r ­

ence in  h e ig h t  grow th  thus  n e c e s s i t a t e s  th e  e s ta b l ish m e n t  o f  a  l i n e  to
kd i s t i n g u i s h  t u l i p  t r e e s  ly in g  in s id e  and o u ts id e  t h i s  l i n e .  The 

" in f lu e n c e  l i n e "  is  used to  d e s ig n a te  p o s s ib l e  cause from e f f e c t .  This 

term  was s e l e c t e d  in  o rd e r  to  avo id  any p re s u p p o s i t io n  as to  th e  source  

of th e  cause  f o r  reduced  or in c re a s e d  h e ig h t  grow th on o p p o s i te  s i d e s  of 

the  " in f lu e n c e  l i n e . "  Having e s t a b l i s h e d  th e  f a c t  from o b s e r v a t io n  th a t  

th e  d i f f e r e n c e  in  h e ig h t  growth is  s t r i k i n g l y  marked, th e  term  " in c id en ce"  

was s e l e c t e d  to  deno te  a  cause o r  s e t  of causes f o r  t h i s  d i f f e r e n c e ,  but 

n o t  y e t  v e r i f i e d  by in v e s t i g a t i o n . ^  A cco rd in g ly ,  f o u r  s t r a i g h t - l i n e  

t r a n s e c t s  were ru n  (two in  each c a r d in a l  d i r e c t i o n )  in  o rd e r  to  t a l l y  

the  h e ig h t s  and d ia m e te rs  of t u l i p  t r e e s  along th e s e  t r a n s e c t s  (Map 2 ) .  

Some c r i t e r i a  was needed to  d e s c r ib e  th e se  t r a n s e c t s  in terms o f  b o th  

in f lu e n c e  and in c id e n c e ,  and fo u r  c l a s s e s  or degrees  o f  in c id e n ce  were 

s e t  up f o r  each t r a n s e c t  in  t a b u la r  form (Table  1 ) .

4 .  In  t h i s  s tu d y ,  th e  " in f lu e n c e  l i n e "  of the  woods i s  used  to  
denote  an e f f e c t  o r  r e s u l t ,  so as to  p re c lu d e  any p resup ­
p o s i t i o n  of i t s  cause o r  c au se s .

5 .  The te rm , " in c id e n c e ,"  i s  used to  denote  some c a u sa l  f a c t o r  
o r  s e t  o f  f a c t o r s .  These causes  mar be in  terms of p r o te c ­
t i o n  o f f e r e d  by th e  woods, such as sh ad in g ,  reduced  temper­
a t u r e ,  reduced  e v a p o ra t io n ,  or reduced  wind, v e l o c i t y .
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TABLE 1.

INCIDENCE CRITERIA

T ra n se c t
Number

Average H eight in  R e la t io n  
to  " In f lu e n c e "  Line

D ir e c t io n  and E x ten t o f  
In c id e n ce  Along T ran sec t

I n s id e O utside

1 ^7 .0  ± ^ . 2 * 23.5  ±  S .5* From SW p lu s  no in c id en ce

2 3 6 .0  ± lH .O ' 2 5 .0  i  8 . 3 * From S and SW

3 2 3 . 0 ±  7 .1 ' 1 7 .1  t  6 . 1 1 No in c id en ce  N, S, and E 
(some in c id en ce  W)

if 28 .0  ±  9 *2 ' 1 9 .0  i  2 . 5 ' In c id en ce  S p lu s  no 
in c id en ce  from S

Average 3 3 .5  1  s . 6 * 1 9 .8  ±  6 . 3 '

Using th e  above in c id en ce  c r i t e r i a  as a  "basis, th e  averag e  h e ig h ts  and 

d iam e te rs  as  w e ll  as  the  h e ig h ts  and d ia m e te rs  o f  in d iv id u a l  t r e e s  were 

p l o t t e d  to  show th e  e f f e c t s  of p re sen c e  or absence of woods on o p p o s i te  

s id e s  of th e  " in f lu e n c e  l i n e , "  In  a d d i t i o n ,  p r o f i l e  diagrams were p l o t t e d  

to  s c a l e  in  o rd e r  to  f u r t h e r  b r in g  out the  r e l a t i o n s h i p  o f  th e  in c id en ce  

c r i t e r i a  u sed , and th e  ap p aren t  e f f e c t  o f  t h i s  in c id e n ce .  The s ta n d a rd  

d e v ia t i o n  was computed f o r  h e ig h t  and d iam e te r  in  a l l  fo u r  t r a n s e c t s  on 

b o th  s id e s  o f  th e  " in f lu e n c e  l i n e . "

For p u rp o ses  of s im p l i f i c s . t io n  and f u r t h e r  r e f e r e n c e  to  th e  two a reas  

s e p a ra te d  by th e  " in f lu e n c e  l i n e , "  two d i s t i n c t  p o r t i o n s  of the  experimen­

t a l  a r e a  e x i s t  ass

AREA X -  The a re a  e x h ib i t in g  good h e ig h t  growth, l i t t l e  o r  no 
su n sc a ld ,  good d iam e te r  growth, and ly in g  a d ja c e n t  to 
Woods A and B. (F ig s .  U-, 5> a&d 6) .

AREA Y -  The a r e a  e x h ib i t in g  poor h e ig h t  growth, extreme
su n sc a ld  w ith  subsequent wind b reakage , poo r d iam e te r  
grow th, end occupying a p o s i t i o n  in  the  c e n te r  of the  
p l a n t a t i o n  d i s t a n t  from th e  o ld -g row th  woods.
( F ig s .  3 , and 7 ) .
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P ig .  H.

An a e r i a l  pho tograph  tak en  August 10, 1950, showing 
th e  ex p e r im en ta l  p l a n t a t i o n  and a d ja c e n t  m ature , mixed- 
hardwood f o r e s t .  A w h ite  arrow d e s ig n a te s  th e  r e c ta n g u la r  
20 -  a c re  ex p e r im en ta l  p l o t .

X s  Area o f  good h e ig h t  growth 

Y -  Area o f  poor h e ig h t  growth

N
*

W E

S c a le :  1" = 750*
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G raph ica l R e p re s e n ta t io n  of Pour 

S t r a i g h t - L in e  T ra n se c ts  TaJcen in  th e  Experim enta l Area **

** T ran se c t  number d e s ig n a t io n s  co rrespond  to  
th e  same t r a n s e c t s  shown on Map 2.
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f i g .  5 .

A view ta k en  in  Area X (good h e ig h t  g row th ) .  The average  
d iam e te r  o f  t u l i p  p o p la r  in  t h i s  a re a  i s  6 .3  inches  w ith  an 
averag e  h e ig h t  o f  ^7-0 f e e t .  Note th e  o ld  growth hardwood 
(Woods ,,Att) in  th e  "background a d jo in in g  th e  p l a n t a t i o n .
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F ig .  6 .

A t y p i c a l  view of Area X lo o k in g  n o r th w e s t . The c a t a lp a  
t r e e  i n t e r p l a n t i n g  shows v e ry  poor growth. Compare th e  l e a f  l i t t e r  
on th e  f o r e s t  f l o o r  w ith  th e  l i t t e r  shown in  F ig .  3* This photo 
was ta k en  in  A p r i l ,  1952, p r i o r  to  budding o f  th e  t r e e s .  Uo sun- 
s c a ld  i s  o b se rv ab le  in  t h i s  a r e a .
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b i

A view  taken in  the area o f  poor h e igh t growth (Area Y ). 
Sunscald i s  observab le on the tu lip  poplar to the r ig h t o f the  
photo. Note the dark patches appearing as burns; th ese  are mats 
o f Haircap Moss (Polytrichum  commune Hedw.). The tu lip  poplar  
in  th is  area e x h ib its  ex ten s iv e  sprout growth from the base o f  
the tr e e s ;  t h is  abnorm ality i s  the r e s u lt  o f sunscald  and tree  
c r ic k e t  a c t iv i t y .  The average h e igh t o f tr e e s  in  th is  area is  
17.1 f e e t  w ith  an average diam eter o f  3 i nches .
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SCOPE OF EXPERIMMIEAL WOBK

The s tu d y  s.s o r i g i n a l l y  conce ived  "by th e  F o r e s t r y  Department in  

Ju n e ,  1951» d e v ise d  to  measure th e  edaphic  and a tm ospheric  f a c t o r s  

w i th in  th e  t u l i p  p o p la r  p l a n t a t i o n .  During th e  summer o f  1951 fo u r  sample 

p l o t s  were e s t a b l i s h e d  as c l im a t i c  s t a t i o n s .  Two o f  th e se  s t a t i o n s  were 

l o c a t e d  on th e  so u th  and west s id e s  of th e  p l a n t a t i o n  b o rd e red  by woodland 

where th e  t r e e s  e x h i b i t  th e  g r e a t e s t  h e ig h t  growth; th e  rem ain ing  two 

s t a t i o n s  were l o c a t e d  near  th e  c e n te r  o f  th e  p l a n t a t i o n  where the  t r e e s  

show l i t t l e  h e ig h t  grow th. Measurements taken  d a i ly  by th e  F o r e s t ry  

Department th ro u g h o u t two growing seasons  beg inn ing  in 1951 were th e  

fo l lo w in g :  ( l )  a tm ospheric  f a c t o r s ,  end (2) edaphic  f a c t o r s .  The f i r s t

o f  th e s e  f a c t o r s  in c lu d e  measurement o f  th e  ev ap o ra t io n  r a t e  by use  of 

th e  L iv in g s to n  atmometer b u lb ;  a i r  tem p e ra tu re  and r e l a t i v e  hum idity  by 

use  o f  th e  hygrotherm ograph and s l i n g  p sy ch ro m ete r . The edaphic  f a c t o r s  

s t u d ie d  were s o i l  m o is tu re  by use  o f  Bouyoucos s o i l - m o is tu r e  b lo ck s  a t  

d ep th s  o f s i x  and e ig h te e n  inches  r e s p e c t i v e l y ;  s o i l  tem p e ra tu re  was taken  

d a i l y  u s in g  a s o i l  thermometer a t  a  one inch  dep th  below th e  s o i l  s u r f a c e .  

The f i e l d  d a ta  on th e  above f a c t o r s  was measured d a i l y  where p o s s ib l e .

A lthough  o th e r  s o i l  p h y s ic a l  d e te rm in a t io n s  were p roposed  in the  

o r i g i n a l  p la n  o f  th e  F o r e s t r y  Departm ent, the  a c tu a l  c o l l e c t i o n  and 

a n a ly s i s  of th e se  d a ta  were l e f t  to  th e  p re s e n t  i n v e s t i g a t o r .  The fo l lo w ­

ing d e te r m in a t io n s  on th e  p h y s ic a l - e d a p h ic  f a c t o r s  a re  the  j o i n t  p ro p e r ty  

o f  th e  F o r e s t r y  Department and th e  p r e s e n t  a u th o r :  ( l )  P h y s ic a l  d e t e r ­

m in a t io n s ,  in c lu d in g  t o t a l ,  c a p i l l a r y ,  and n o n - c a p i l l a r y  p o r o s i t y ,  volume 

w e ig h t ,  maximum w a te r -h o ld in g  c a p a c i ty ,  s p e c i f i c  g r a v i t y ,  m o is tu re
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e q u iv a l e n t ,  h y g ro sco p ic  c o e f f i c i e n t ,  s o i l  e v a p o ra t io n ,  and a mechanical, 

a n a l y s i s ,  F u r th e r  f a c t o r s  in c lu d e  ( 2 ) chem ical d e te rm in a t io n s  such a,s 

o rg a n ic  m a t te r  c o n te n t ,  pH, t o t a l  n i t r o g e n ,  C/il r a t i o ,  "base exchange 

c a p a c i ty ,  exchangeab le  hydrogen, t o t a l  b a s e s ,  and th e  n u t r i e n t  c o n ten t  

o f  i n d iv id u a l  h o r iz o n s .

To g iv e  g r e a t e r  com prehensiveness and scope to  th e  p r o j e c t ,  th e  

fo l lo w in g  b i o l o g i c a l  d e te rm in a t io n s  were deemed a d v is a b le :  ( l )  Micro­

b i o l o g i c a l  d e te r m in a t io n s ,  which were inc luded  to  show q u a n t i t a t i v e  s o i l  

o rganism  d i f f e r e n c e s  f o r  b o th  th e  a r e a  o f  good h e ig h t  growth (Area X) and 

poo r h e ig h t  growth (Area Y) w ith  r e f e re n c e  to :

a .  Depth o f  s o i l  h o r iz o n

b .  S easona l v a r i a t i o n  in  m ic ro b ia l  counts

c .  The pH in  r e l a t i o n  to  m ic ro b ia l  counts

d .  M ois tu re  c o n te n t  in  r e l a t i o n  to  abundance o f  organisms

e . The numbers o f  f u n g i ,  b a c t e r i a ,  and ac tinom yce tes  as 

r e l a t e d  to  th e  ecology of each a re a .

In  o rd e r  to  observe  th e  e f f e c t s  o f  th e  herbaceous v e g e ta t io n  upon

m ic ro b ia l  and edaph ic  f a c t o r s ,  a  s y s te m a t ic  g r id  sampling o f th e  l e s s e r  

v e g e ta t io n  was t a l l i e d  and photographed  th roughou t th e  growing season  as 

an index  to  th e  su c c e ss io n  o f f lo w e r in g  p l a n t s  and t h e i r  p o s s ib l e  c o r r e la ­

t i o n  to  th e  s o i l  m o is tu re  co n ten t  of each h a b i ta / t .

O b se rv a t io n  of th e  stems of t u l i p  t r e e s  in  th e  c e n te r  of th e  p l a n t -

a t i o n  show t h a t  th e s e  t r e e s  have extreme su n sca ld  damage. In  o rd e r  to

6 . The term  "sunsca ld"  as used  h e re  r e f e r s  to  damage r e s u l t i n g  
from an extreme degree  o f  f l u c t u a t i o n  in tem p e ra tu re  on the  
young b a rk .  This damage may be th e  r e s u l t  o f  combined d e s ic c a t io n  
e f f e c t s  and re p e a te d  p a s s in g  back and f o r t h  th rough  th e  f r e e z in g  
po i n t .
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s tu d y  th e  e f f e c t  and e x te n t  of t h i s  damage to  th e  p l a n t a t i o n ,  a  complete 

stem anaJLysis o f  in d iv id u a l  t r e e s  was made as w e ll  as m acroscopic  c ro ss  

s e c t io n s  o f  damaged t r e e s ,  so as to  e x h ib i t  the  e x te n t ,  d a te  o f  su n sc a ld ,  

and i t s  p o s s ib l e  r e l a t i o n s h i p  to  h e ig h t  and d iam e te r  growth o f  th e  s ta n d .

To o b ta in  th e  t o t a l  scope o f th e  e c o lo g ic a l  problem a d d i t i o n a l  d a ta  

were o b ta in e d  on (a) dep th  to  th e  w ater  t a b l e  th roughou t th e  season  (b) 

k in d  and e x te n t  of f o r e s t  l i t t e r  (c )  c o n c e n t r a t io n  and p o s i t i o n  o f  ro o ts  

in  th e  s u r f a c e  s o i l  h o r iz o n ,  and (d) l i g h t  i n t e n s i t y  measurements a t  

v a r io u s  p o i n t s  w i th in  th e  sampling a re a .

The s tu d y  as shown by th e  above e x p er im en ta l  c r i t e r i a  was in tended  

to  be com prehensive in  i t s  scope. A broad  c l a s s i f i c a t i o n  of th e  phases 

i n v e s t i g a t e d  c o n s i s t  o f :  (1) L ab o ra to ry  experim ents  ( s o i l - p h y s i c a l  and

s o i l - c h e m ic a l )  ( 2 ) F i e l d - p l a n t a t i o n  experim ents  (grovrth, m ic ro c l im a te ,  

and p l a n t  su cc e ss io n )  and (3 ) S o i l  m ic ro b io lo g ic a l  experim ents  ( q u a n t i t a -  

t  i v e ) .

These phases  w i l l  be ta k en  up in d iv id u a l ly  in  th e  above named o rd e r .  

A summary o f a l l  f a c t o r s  i s  p re s e n te d  a f t e r  d i s c u s s in g  each v a r i a b l e .
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SOIL SMILING TECHNIQUE 

L a b o ra to ry  Experim ents -  P h y s ic a l  and Chemical 

Equipment Used

The s o i l  samples f o r  "both th e  p h y s ic a l  and chemical s o i l  determinar- 

t i o n s  were ta k en  w i th  a  f i e l d  s o i l - c o r e  sam pler. This  sam pler has been 

used  e x te n s iv e ly  by th e  U nited  S ta te s  S o i l  C onserva tion  S e rv ic e  f o r  s o i l s  

r e s e a r c h .  The type  used  in  th e s e  in v e s t ig a t i o n s  employs a 3 x 3 inch  

aluminum c y l in d e r  w ith  a  w eigh ted  d r iv in g  assem bly.

Sampling P rocedure

P i t s  were dug a t  each sampling s t a t i o n  and each s o i l  h o r iz o n  o f  the  

p r o f i l e  was sampled s e p a r a t e ly .  The h o r iz o n  sampled was based  upon the  

a c tu a l  d ep th  o f  a  p a r t i c u l a r  h o r iz o n  as mapped in  th e  f i e l d .  A l l  samples 

were ta k e n  a t  o r  n e a r  f i e l d  c a p a c i ty .  The s o i l  co re s  o b ta in e d  were then  

b rough t in to  th e  l a b o r a to r y  and th e  p h y s ic a l  and chemical d e te rm in a t io n s  

made. Where a  m o d i f ic a t io n  in  th e  te ch n iq u e  o f  making a p a r t i c u l a r  

d e te r m in a t io n  was n e c e s sa ry ,  a p p r o p r ia te  n o ta t io n  i s  made under th e  

ex p e r im en ta l  method f o r  t h a t  p ro c e d u re .

P l o t  D e s c r ip t io n

The sam pling a re a s  were s e t  up in  such a  manner t h a t  a s t a t i s t i c a l  

a n a ly s i s  cou ld  be a p p l ie d  to  th e  d a ta .  For most o f  th e  s o i l  f a c t o r s  

in v e s t i g a t e d ,  samples were taken  a t  fo u r  main c l im a t ic  s t a t i o n s  d e s ig ­

n a te d  by Roman num era ls ,  as S ta t io n s  I ,  I I ,  I I I ,  and IV. S ta t io n s  I  and I I  

a r e  l o c a t e d  in  th e  a r e a  of good h e ig h t  grovrth (Area X) and S ta t io n s  I I I  

and IV a r e  in  th e  a r e a  o f  poor h e ig h t  growth (Area Y ) . At each main 

s t a t i o n ,  fo u r  s u b s t a t i o n s  were e s t a b l i s h e d  a t  random and d e s ig n a te d  as
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S u b s ta t io n s  1, 2 , 3» aud S o i l  h o r iz o n s  f o r  each p r o f i l e  were d e s ig ­

n a te d  in  th e  u s u a l  manner, as  AQ » e t c .  The above n o t a t i o n  f o r  each 

s o i l  sample i s  a p p l i e d  to  a l l  th e  edaphic  f a c t o r s  in v e s t ig a t e d .  Thus, an 

in d iv id u a l  sample might be d e s ig n a te d  as  I I 3Ag , which r e f e r s  to  main 

s t a t i o n ,  s u b s t a t i o n ,  and s o i l  h o r iz o n  r e s p e c t i v e l y .  R eference  to  a l l  

s o i l  p r o f i l e s  i s  p r e s e n te d  under th e  c a p t io n  R e p re s e n ta t iv e  P r o f i l e  and 

D e s c r ip t io n  f o r  each  s o i l  type  as  shown l a t e r .

S t a t i s t i c a l  A n a ly s is  o f  Data 

The s o i l  experim en ts  (p h y s ic a l  and chemical) were so designed  th a t  

a l l  data, concern ing  a  p a r t i c u l a r  s o i l  f a c t o r  cou ld  be s u b je c te d  to  a n a ly s i s  

o f  v a r i a n c e .  In  a l l  c a s e s ,  th e  v a r ia n c e  between a re a s  has been seg reg a te d  

from th e  t o t a l  v a r ia n c e .  The s h o r t - c u t  method f o r  in d iv id u a l  degrees  of 

freedom has  been used  to  c a l c u l a t e  th e  mean square  and E -v a lu e  as shown 

by Snedecor (19^-6). Experim ents were designed  f o r  in d iv id u a l  comparisons 

among t r e a tm e n t s ,  where th e  sum o f  squares  f o r  n t re a tm e n ts  i s  subd iv ided  

in to  n-1  p a r t s ,  each co rre sp o n d in g  to  a  s in g le  degree  of freedom; th e se  

p a r t s  were th en  t e s t e d  in d iv id u a l ly  a g a in s t  ex p er im en ta l  e r r o r .  The 

r e s u l t s  o f  t h i s  method g ive  a  n o ta b le  in c re a s e  in  th e  in fo rm a tio n  f u r ­

n is h e d  by th e  exp er im en t .  This method i s  a p p l ic a b le  where th e  two sums 

a re  made up of th e  same number o f  in d iv id u a l s .  By comparing th e  e r r o r  

v a r ia n c e  between a r e a s ,  th e  p re sen ce  o r  absence of s i g n i f i c a n t  d i f f e r e n c e  

can be d e te c te d  from th e  E - t e s t .  In  o rd e r  to  de term ine  between a re a s  i f  

a  s i g n i f i c a n t  d i f f e r e n c e  e x i s t s ,  i t  i s  n ece s sa ry  to  express  what c o n s t i t u t e s  

a  s i g n i f i c a n t  d i f f e r e n c e  in  terms o f  th e  u n i t  in  which the  s i l v i c a l  f e a tu r e  

was m easured . In  th e  case  of w a te r -h o ld in g  c a p a c i ty ,  the  u n i t  i s  p e rc e n t  

m o is tu re ;  in  th e  case  o f  a v a i l a b l e  calc ium  c o n te n t ,  th e  u n i t  i s
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r a i l l i e q u i v a l e n t s  p e r  100 grams o f  s o i l .  Thus, "by e x p re s s in g  in p e rc e n t  

m o is tu re  th e  d i f f e r e n c e  between s o i l  h o r izo n s  o f  Area X and Area Y, i t  i s  

p o s s i b l e  to  d e te rm in e  between which s o i l  f a c t o r  a  s i g n i f i c a n t  d i f f e r e n c e  

e x i s t s .  The method o f  making th e s e  c a l c u l a t i o n s  i s  shown in  th e  form ulae 

which fo l lo w :

mean sq u are  t re a tm e n t
T* v a lu e

mean square  e r r o r  

854.00  “  24.4  * *

37.07
** S ince  th e  F -v a lu e  i s  l a r g e r  th a n  4 .60  o r  S .S 6 (from S ig n i f ic a n c e  

Table) th e  d i f f e r e n c e  between a r e a  t re a tm e n t  means i s  s i g n i f i c a n t  a t  b o th  

th e  f i v e  p e rc e n t  and one p e rc e n t  l e v e l .

The mean sq u are  t re a tm e n t  f o r  Area X v s .  Area Y is  d e r iv e d  from th e  

c a l c u l a t i o n :
( t x -  t 2)

k = -  C. T.
n

where:
k r  mean square

and t 2 “ sum of in d iv id u a l  items

n z  sum of a l l  measurements 4 2 

C, T. -  c o r r e c t i o n  term

The c o r r e c t i o n  term (C .T .)  i s  o b ta in e d  by th e  fo rm ula :

_ m „  ( sum in d iv id u a l  items)V • J- • 1 -- - --- —    — -■ ■ - ■ ■ ■■
t o t a l  items

To c a l c u l a t e  th e  e r r o r  term :

E = E -  I  where: S = E r ro r
R z T o ta l  v a r ia n c e
K “ V a r ia t io n  between a re a s
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By ex am ination  o f  th e  m agnitude of th e  F- 'va lue , th e  e x te n t  o f  th e  

v a r i a t i o n  can he i n t e r p r e t e d .  Thus, i f  th e  F -v a lu e  o b ta in e d  f o r  Area X 

f o r  any one s o i l  h o r iz o n  i s  l a r g e  in  comparison to  o th e r  h o r izo n s  of th e  

same s o i l  ty p e ,  most v a r i a t i o n  e x i s t s  a t  t h a t  h o r iz o n ;  s i m i l a r l y ,  a sm all 

F -v a lu e  in d i c a t e s  l e s s  v a r i a t i o n  f o r  a p a r t i c u l a r  h o r iz o n .

At th e  c o n c lu s io n  o f  th e  d a ta  o b ta in e d  f o r  b o th  th e  p h y s ic a l  and 

chem ical f a c t o r s  in v e s t i g a t e d ,  a  summary t a b l e  i s  p re s e n te d  to  in d ic a te  

th e  r e l a t i o n s h i p  o f  F -v a lu e s  f o r  a l l  s o i l  v a r i a b l e s  t h a t  were s tu d ie d .
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laboratory experiments

P h y s ic a l  — Edaphic C h a r a c t e r i s t i c s  

71 . M echanica l A n a ly s is

E xp erim en ta l  Method:

A mechanical, a n a ly s i s  o f  the  s o i l s  in  th e  ex p er im en ta l  a r e a  was 

made "by th e  hydrom eter method, employing th e  tech n iq u e  o f  Bouyoucos (193&) • 

The s o i l  samples ( l 6 samples p e r  s t a t i o n  tim es fo u r  s t a t i o n s  = samples) 

were th o ro u g h ly  a i r - d r i e d  and p a sse d  th rough  a  two mm. s i e v e .  Por each 

t r e a tm e n t  a  f i f t y - g r a m  sample was used . To d i s p e r s e  th e  s o i l  th e  f i f t y -  

gram sample was added d i r e c t l y  to  a  s t i r r i n g  cup, and d i s t i l l e d  w ater added. 

The d i s p e r s in g  agen t used  was a  commercial p ro d u c t  known as Calgon, a  

sodium hexam etaphosphate  compound. Since t h i s  d i s p e r s in g  agen t had no t 

been used  p r e v io u s ly ,  i t  was n e ce ssa ry  to  run  a  few t e s t  samples to  d e te r ­

mine i f  th e  amount of Calgon used  p e r  sample was c r i t i c a l  w ith  t h i s  p a r t i c ­

u l a r  s o i l  ty p e .  Having determ ined  by t e s t  run  t h a t  th e  c o n c e n t r a t io n  o f 

d i s p e r s in g  agen t used  was no t s i g n i f i c a n t l y  d i f f e r e n t  between use  o f  te n  cc . 

to  tw e n ty - f iv e  cc . i n c lu s iv e ,  a  f i f t e e n  cc . Calgon c o n c e n t r a t io n  v/as 

employed as a  d i s p e r s in g  a g e n t .  A f te r  soaking  and subsequent s t i r r i n g  of 

th e  s o i l  w ith  th e  d i s p e r s in g  a g e n t ,  th e  c o n ten ts  were then  poured  in to  the  

s p e c i a l  c y l in d e r ,  shaken , and th e  time re c o rd ed .  A tem p e ra tu re  c o r r e c t io n  

was a p p l i e d  to  each hydrom eter re a d in g  and a summation of th e  r e s u l t s  f o r  

b o th  Area X and Area Y is  g iven  in Table 2.

7. The number p re c e d in g  th e  p h y s ic a l  s o i l  f a c t o r  under in v e s t ig a t i o n  
co rre sp o n d s  to  th e  same f a c t o r  summarized s t a t i s t i c a l l y  in  Table 21.
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TABLE 2.

MECHANICAL ANALYSIS OF FIELD SOILS BY HORIZON IN AREA X AND AREA Y

S o i l  H orizon

IAX
A2
b 2
B-2

IIA 1
a 2
b 2
B-t

I I I A i
a 2
b 25

IVAX
a 2
b2

Cl

Sand

61.9
76 .7
73 .6
9 1 . 6
94 .0

61 .1
6 3 .2
7 6 .0
Sg.O
9 4 .0

56 .9
6 1 .7  
7 0 . 4
9 4 .0  
95*0

61 .5
6 2 .7
6 7 . 6
9 0 . 0
9 4 .6

P e rc e n t

Area X ( S t a t i o n s  I - I I )

S i l t  S i l t  p lu s  Olay

21.9  3S . I
9*1 23 .3
6 .0  2 6 .4
1 . 0  2 .4
0 . 0  6 . 0

2 2 .6  3 2 .9
17*9 3 6 . s

4 .0  24.0
0 .0  12.0
0.0  6.0

Area Y ( S t a t io n s  I I I - IV )

24.5
1 3 .1

4 .4
0.0
0.0

20.4
15*7
10.0
0.0
0.0

43.1
36.3 
2 9 .6

6 .0
5*o

33.5
37*3
3 2 .4  
10.0

5.4

Clay F ine  Clay

3*0
1*7
1.0
1 .0
0.0
3*2
2.7
2 .0
2.6
0.0

3*2
7 .2
2.1
1 .0
0 . 6

3*2
2 .5
2 .0  
0 . 6
1 .0

1 3 . 2
12 .5
19 .4

6 .4
6 .0

1 3 .1
1 6 .2  
1S.0

9.4
6 .0

1 5 .4  
18.0
23 .1

5 .0
4 .4

14.9
1 9 .1
20.4
9 .4
4 .4

D iscu ss io n  o f  R e s u l ts  

The m echanica l a n a ly s i s  d a ta  r e v e a l  th e  o v e r a l l  sandy n a tu re  o f  

samples ta k en  in  s i x t e e n  d i f f e r e n t  l o c a t i o n s .  V a r ia t io n  in  t e x tu r e  accord­

ing to  th e  U n ited  S ta te s  Department o f  A g r ic u l tu re  t e x t u r a l  c l a s s i f i c a t i o n  

is  shown on th e  R e p r e s e n ta t iv e  P r o f i l e  D e sc r ip t io n s  f o r  each s o i l  ty p e .  The 

v a r i a t i o n  in  t e x t u r e  is  most marked in  th e  amount o f  f i n e  c lay  in th e  A-j_ 

and Ag h o r iz o n s  when c o n t r a s t i n g  Area, X w ith  Area Y. This v a r ia n c e  in  the  

f i n e  c la y  c o n te n t  i s  th e  h a s i s  f o r  th e  d i s t i n c t i o n  of th r e e  s o i l  types
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o f  th e  same d ra in a g e  c a te n a .  The th r e e  main s o i l  ty p es  r e p re s e n te d  a re  

a c id  v a r i a n t s  o f  th e  Pox sandy loam, Bronson sandy loam, and 'Warsaw sandy 

loam. The p r o f i l e  d e s c r i p t i o n s  "bring ou t th e s e  r e l a t i o n s h i p s  more c l e a r l y  

( P ig s .  9 -1 2 ) .  To de te rm ine  th e  e x te n t  and s ig n i f i c a n c e  of the  v a r i a t i o n  

in  th e  ind iv idua l,  s e p a r a t e s ,  an a n a ly s i s  of v a r ia n c e  was made f o r  f i n e  

c l a y ,  s i l t  p lu s  c la y ,  and t o t a l  sand , f o r  b o th  Area X and Area Y (T ables  

3, 4 , and 5 ) .

TABLE 3.

ANALYSIS OP VARIANCE FOR MECHANICAL ANALYSIS AREA X v s .  AREA Y

H orizon Source

T e x tu ra l

Degrees

Glass -  P in e  c la y  ( l e s s  than  2 m icron d i a . )  
B a s i s :  32 samples

o f  Freedom Sum of Squares Mean Square p

^1 T o ta l 15 36 .10
X vs Y 1 16 .00 16 .00
E rro r l4 20.10 1 .43 11 .1  **

^2 T o ta l 15 ^ 9 . 3 9
X vs Y 1 184.96 184.96
E r ro r l 4 264.43 18.80 l 4 .6  **

B a s is :  k samples

B2 T o ta l 3 13.93
X vs Y 1 9.30 9 .30
E rro r 2 U.63 2 .31 4.02

T o ta l 3 14.67
5 X vs Y 1 .49 .49

E r ro r 2 14.18 7.09 .07

c l T o ta l 3 2 .56
X vs Y 1 2 .56 2 .56
E rro r 2 0 .0 0 0 .0 0 0 .0 0

** S i g n i f i c a n t  a t  5$ 1$

The a n a ly s i s  o f  v a r ia n c e  f o r  the  f i n e  c lay  f r a c t i o n  is  h ig h ly  s i g n i f -
g

ic a n t  a t  b o th  th e  551 and Vi l e v e l  in  th e  Aj and A2 h o r iz o n s .  I n v e s t i g a t o r s  

such as  A lb e r t  (1925) and Bornebusch (1931) have f r e q u e n t ly  re p o r te d  th a t
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t h e  c o n te n t  of m a te r i a l  s m a l le r  th a n  . 2  mm. in  sandy s o i l s  has an im portant 

b e a r in g  on s i t e  q u a l i t y .

table 4 .
ANALYSIS OF VARIANCE FOR MECHANICAL ANALYSIS AREA X v s .  AREA Y

H orizon

T e x tu ra l  

Source Degrees of

C lass  -  
B as is

Freedom

S i l t  p lu s  c lay  
: 32 samples

Sum o f  Squares Mean Square F

A1 T o ta l 3 16.19
X vs Y 1 5.29 5 .29
E rro r 2 10 .90 5.45 .97

a 2 T o ta l 3 151 . U9
X vs Y l 59.86 59.86
E r ro r 2 91.63 4 5 . SI 1 .31

b 2 T o ta l 3 U2 . 9Uc.
X vs Y l 3 6 . 1*+ 3 6 .1 4
E rro r 2 6 . so 3 .4 o 1 0 .62

B-jj T o ta l  
X vs Y

3
l

19 .32
4 .s 4 4 .S4

E r ro r 2 i4 .4 g 7 .24 .67

C T o ta l 3 .72
X vs Y l .64 .64
E r ro r 2 .o s .04 16 .00

S. When used  in  d is c u s s in g  exp er im en ta l  d a ta ,  th e  word " s i g n i f i c a n t “ , 
i s  a p p l ie d  in  a  s t a t i s t i c a l  sen se .  There a re  v a r io u s  degrees  of 
s i g n i f i c a n c e  now reco g n ized  s t a t i s t i c a l l y ,  bu t th e  two most 
commonly used  a re  a t  th e  1# and 5$ l e v e l s .  The form er l e v e l ,  in -  
in d i c a t e s  t h a t  th e r e  a re  n in e ty - n in e  chances in  one hundred t h a t  
th e  d i f f e r e n c e  in  means i s  no t due to  random sampling in  a  homo­
geneous p o p u la t io n .  This 1$  l e v e l  i s  r e f e r r e d  to  as ve ry  or 
h ig h ly  s i g n i f i c a n t .  The l a t t e r  p e rc e n t  l e v e l  in d ic a te s  t h a t  th e re  
a re  n i n e t y - f i v e  chances in  one hundred t h a t  th e  d i f f e r e n c e  in 
means is  no t due to  random sampling of a  homogeneous p o p u la t io n ,  
and is  commonly spoken o f as  s i g n i f i c a n t .  The F -v a lu e  is  a 
s t a t i s t i c a l  index  to  de term ine  th e  magnitude of th e  s i g n i f i c a n t  
l e v e l  and w i l l  be u t i l i z e d  throughout the  rem ainder o f  t h i s  
m a n u sc r ip t .  The p l o t  r e p l i c a t i o n  method o f a n a ly s i s  w i l l  be 
fo l lo w ed  acco rd in g  to  Snedecor (19*4-6).

Although te x tu r e , nor any other s in g le  s o i l  property , seldom d eter­

mines th e  q u a l i t y  o f  s i t e ,  i t  i s  g e n e r a l ly  reco g n ized  th a t  loam and loamy
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s o i l s  a r e  more f a v o r a b le  f o r  f o r e s t  growth, than  e i t h e r  co a rse  sands or 

f i n e  c l a y s .  I t  i s  t h e r e f o r e  p e r t i n e n t  to  p o in t  out t h a t  th e  in f lu e n c e  o f  

s o i l  t e x t u r e  on th e  growth o f t u l i p  p o p la r  may be masked by th e  in f lu e n c e  

of o th e r  f a c t o r s .  The p re sen ce  of a  Warsaw loam s o i l  type  in  Area Y vhere  

th e  t r e e s  a r e  s m a l le s t  i s  a  rough in d ic a t io n  t h a t  s o i l  t e x tu r e  a lone  may 

n o t  be a l i m i t i n g  f a c t o r  f o r  th e  h e ig h t  growth of t u l i p  p o p la r .  Thus, in  

a l l  th e  s t a t i s t i c a l  a n a ly se s  t h a t  fo l lo w  f o r  a l l  s o i l  f a c t o r s  and o th e r s ,  

th e  a n a l y s i s  o f  v a r ia n c e  i s  used on ly  to  p o in t  out s t a t i s t i c a l  d i f f e r e n c e s  

and no t to  p o r t r a y  t h e i r  e c o lo g ic a l  s ig n i f i c a n c e .  The r e l a t i o n s h i p  o f  

t e x t u r e  to  o th e r  s o i l  f a c t o r s  w i l l  be brought out in s o fa r  as t e x tu r e  re ­

l a t e s  to  a  s e t  o f  i n t e r r e l a t e d  s o i l  and m o is tu re  phenomena.

TABLE 5.

ANALYSIS OF VARIANCE FOR MECHANICAL ANALYSIS AREA X v s .  AREA Y

H orizon

T e x tu ra l  Class 

Source Degrees of

-  Sand ( l e s s  than  1000 
B a s i s :  32 samples 

Freedom Sum of Squares

micron d i a . )  

Mean Square F

A1 T o ta l 15 212,20
X vs Y 1 21 .62 21 .62
E rro r Ik 190 .61 1 3 .6 2 1 .61

A2 T o ta l 15 1993.56
X vs  Y 1 237.16 237 . I 0
E rro r Ik 1756 .k2 1 2 5 . ko 1.90

B a s i s : U samples
Bp T o ta l 3d. X vs Y 1 3 3 . 6U 3 3 .64

E r ro r 2 6 . SO 3 .^0 9.S9

T o ta l 3 19.32
3 X vs Y 1 H.gh U.sh

E r ro r 2 i h . 7 . 2^ .67

T o ta l 3 .72_L
X vs Y 1 . 6^ . 6U
E rro r 2 .OS .oh 16 .0
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The g ra p h ic  r e l a t i o n  between comparable dep ths  to  a l l  s o i l  h o r izo n s  

f o r  b o th  a r e a s  i s  sho rn  in  F ig .  S. S tu d ie s  by Auten (1937 and 19*4-5) u s in g  

d ep th  o f  b o th  th e  A and B h o r iz o n s  as  in d ic e s  o f  s i t e  e v a lu a t io n  f o r  t u l i p  

p o p la r ,  have shown no e s t a b l i s h e d  r e l a t i o n s h i p  between th ic k n e s s  o f  th e  B 

h o r iz o n  and s i t e  index . The compactness or d e n s i ty  of th e  B h o r izo n  i s  th e  

c h a r a c t e r  r e s p o n s ib le  f o r  h in d e r in g  w a ter  movement and p e rm e a b i l i ty  r a t h e r  

th an  t h i c k n e s s .  The th ic k n e s s  o f  th e  A h o r izo n  i s  no t a  good c r i t e r i o n  of 

s i t e  f o r  t u l i p  p o p la r ;  d ep th  to  a  heavy c la y  s u b s o i l  i s  a  much b e t t e r  

measure o f  th e  p e r m e a b i l i ty  o f  w a te r .  Auten (19*4-5) shown a h ig h  

c o r r e l a t i o n  f o r  d ep th  to  s u b s o i l  and s i t e  index . He has shown th a t  on s o i l s  

whose d ep th  to  t i g h t  s u b s o i l  i s  l e s s  th an  2*4- inches would have a s i t e  index 

o f  l e s s  th a n  8 5 * I f  t h i s  c r i t e r i o n  was a p p l ie d  to  th e  p r e s e n t  i n v e s t i g a t i o n ,  

th e  h ig h e s t  s i t e  index  expec ted  f o r  th e  b e s t  h e ig h t  growth would be 82, 

assuming t h a t  o th e r  t e x t u r a l  and c l im a t i c  c h a r a c t e r i s t i c s  were n o t l i m i t i n g .  

The r a t h e r  s t r i k i n g  s i m i l a r i t y  o f  dep th  to  comparable h o r izo n s  and t e x tu r e  

i s  shown in  F ig .  8 . The d ep th  to  s u b s o i l  does n o t va ry  markedly when con­

t r a s t i n g  th e  t h r e e  r e l a t e d  s o i l  ty p e s  under i n v e s t i g a t i o n .

Auten (1937) found a  p o s i t i v e  c o r r e l a t i o n  between s i t e  e v a lu a t io n  and 

d ep th  of th e  u n d is tu rb e d  Aj h o r iz o n  f o r  s o i l s  su p p o r t in g  t u l i p  p o p la r .

P o p la r  was g e n e r a l ly  n o t found  on s o i l  whose A-̂  h o r iz o n  was l e s s  th a n  one 

inch  t h i c k ,  and s i t e  index  in c re a se d  w ith  th ic k n e s s  o f  th e  A^ h o r izo n  between 

th e  l i m i t s  o f  one and e ig h t  in c h e s ,  approx im ate ly  th r e e  s i t e - i n d e x  p o in t s  

f o r  each  inch  o f  A^. These f i n d in g s  were v a l id  only  on th o se  a re a s  having 

u n d is tu rb e d  s o i l .  His r e s u l t s  were based  upon the  r e l a t i o n  between o rg an ic  

m a t te r  in c o r p o r a t io n  and i n d i r e c t  measure of s o i l  m o is tu re .

In  th e  p r e s e n t  i n v e s t i g a t i o n ,  u s in g  A u te n 's  c r i t e r i o n  of d ep th ,  i t



Ill

F i g .  8 .
57

rH_ © r*S>> +* rd
O

CO

FJ
Fl rH

O

CM rHO

rH

I/

O

rH

CO

CO

s

X

GR
AP

HI
C 

RE
LA

TI
OT

T 
BE

TW
EE

N 
EQ

UA
L-

AG
ED

 
TU

LI
P 

PO
PL

AR
 

AI
R)

 
DE

PT
H 

TO
 

CO
MP

AR
AB

LE
 

SO
IL

 
KO

RI
ZO

TI
 

ITT
 

AR
EA

S 
OP 

GO
OD

 
AIT

D 
PO

OR
 

HE
IG

HT
 

GR
OW

TH



53

would be p o s s i b l e  to  ach ieve  a s i t e  index o f  app rox im ate ly  93 f o r  

dominant t r e e s  a t  50 y ean s .  However, t h i s  s u p p o s i t io n  would be v a l i d  

on ly  when o th e r  s i t e  req u irem en ts  cou ld  be met, such a.s good s u b s o i l  

d r a in a g e ,  ad eq u a te  s o i l  m o is tu re ,  and on s i t e s  which a re  no t unduly ex­

posed  to  r a p id  s u r f a c e  s o i l  a i r - d r y i n g .

The p r o f i l e  s tu d y  o f th e  p r e s e n t  i n v e s t i g a t i o n  re v e a ls  no r e l a t i o n s h i p  

to  th ic k n e s s  o f th e  B h o r iz o n .  However, th e re  appears  to  be some c o r r ­

e l a t i o n  between th e  w a te r -h o ld in g  c a p a c i ty  o f  th e  A h o r iz o n  and subsequent 

s o i l - m o i s t u r e  e v a p o ra t io n .  These r e s u l t s ,  in  tu r n ,  a f f e c t  p e rm e a b i l i ty  

and d ry n e ss  of th e  s u r f a c e  s o i l s  in  bo th  a r e a s .  This s tudy  shows a c o r r ­

e l a t i o n  between th e  amount of o rg a n ic  m a t te r  and f i n e  c lay  co n ten t  o f  the

A-j_ and A^ h o r iz o n s ,  w ith  r e s p e c t  to  s o i l - m o is t  tire r e l a t i o n s h i p s .  These 

p r o f i l e  c h a r a c t e r i s t i c s  a re  s u b s t a n t i a t e d  by s t a t i s t i c a l  s ig n i f i c a n c e  be­

tween A rea  X and A rea Y as shown in  Table 3*

Thus, i t  ap p ea rs  t h a t  t e x tu r e  and o rg an ic  m a t te r  in c o rp o ra t io n  o f  th e

A^ and Ag h o r iz o n s ,  and t h e i r  a t t e n d a n t  s o i l - m o is tu r e  ho ld ing  c a p a c i ty ,  i s  

d e f i n i t e l y  r e l a t e d  to  o th e r  c l im a t i c  f a c t o r s  such as e v ap o ra t io n ,  a i r  

te m p e ra tu re ,  s o i l  te m p e ra tu re ,  and growing season  p r e c i p i t a t i o n ,  in  t h i s  

i n v e s t i g a t i o n .  The manner in  which th e  A1 and Ag h o r izo n s  a re  r e l a t e d  to  

th e  r a d i a l  and h e ig h t  growth o f  t u l i p  p o p la r  and th e  growing season  p re ­

c i p i t a t i o n ,  i s  d is c u s s e d  under c l im a t i c  f a c t o r s .
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S o i l  P r o f i l e  and R e la te d  C h a r a c t e r i s t i c s  

Area X -  S t a t i o n  I

The s o i l  p r o f i l e  exposed in  t h i s  a r e a  r e p r e s e n t s  th e  s i t e  where the  

h e ig h t  and d ia m e te r  growth i s  g r e a t e s t .  This a r e a  i s  immediately a d ja c e n t  

to  Woods 11 A11 on th e  w est and Woods "B" to  th e  so u th .  There i s  no su n sca ld  

damage to  t r e e s  on t h i s  s i t e ;  th e  low er b ranches  a re  s e l f - p r u n e d  and no 

s p r o u t in g  occu rs  a t  th e  base  o f  th e  t r e e s .  Numerous sugar maple s e e d l in g s  

a re  to  be found , and th e  l i t t e r  i s  n o t ic e a b ly  g r e a t e r  in  amount th an  th a t  

found f u r t h e r  ou t in  th e  p l a n t a t i o n .  The herbaceous v e g e ta t io n  on th e  

f o r e s t  f l o o r  i n d i c a t e s  s p e c ie s  which a re  more a k in  to  the  a d jo in in g  woods 

th an  th e  f l o r a  found in  th e  a r e a  of poor h e ig h t  grow th.

To a  d ep th  o f app rox im ate ly  f i f t e e n  inches  t h e r e  i s  a  sandy loam o f 

a  d a rk  brown c o lo r .  Below th e  A h o r iz o n  and in to  th e  B h o r iz o n ,  c la y  is  

found, g ra d in g  in to  a  loamy sand a t  th e  3^ h o r iz o n .  At a  dep th  o f  t h i r t y  

in ch es  and beyond th e r e  i s  a  y e l lo w is h  brown sand , w ith  no lim e p r e s e n t .  

The s o i l  type  in  t h i s  a r e a  i s  a Pox sandy loam, a c id  v a r i a n t .  The t u l i p  

p o p la r  r o o t  zone i s  found e x c lu s iv e ly  in  th e  A^ and A2 h o r iz o n s  to  a, dep th  

o f  ap p ro x im a te ly  tw elve  in ch es .  Most o f  th e  w ater f a l l i n g  on t h i s  s o i l  i s  

removed i n t e r n a l l y ;  t h e r e  i s  a  tendency to  d ry ing  out under extreme ex­

p o s u re ,  e s p e c i a l l y  where t h i s  s o i l  type  i s  no t covered w ith  t r e e s .
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REPRESENTATIVE PROFILE AND DESCRIPTION

A r e a  X -  P l o t  I

I n .  F t .  P r o f i l e D e p t h  H o r i z o n D e s c r i p t i o n

z -
4  -  

6

8
JO  ~ J

2

3

4

M Alt0 - 9

3 0 " - 3 8 ”
u p

S andy  l o a m .  D ark  r e d d i s h  
b ro w n  ( 6YR 3 / 2 ) .  Weak 
medium g r a n u l a r .  pH 5*55

9"-15" A2

1 5 ' ’- 2 3 ” B2

2 3 ” - 3 0 ” B3

S an d y  l o a m .  B r o w n - d a r k  
b r o w n  ( 7 . 5  YR A / 2 ) .  Weak 
medium g r a n u l a r  t o  f i n e  
c r u m b .  pH 5 . 3 3
S an d y  lo a m  t o  s a n d y  c l a y  l o a m .
D ark  b ro w n  ( 7 . 5  YR 3 / 3 ) .  Med.
t o  c o a r s e  n u c i f o r m .  Some 
g r a v e l . D ark  c o a t i n g s  on 
s t r u c t u r a l  f a c e s .  pH 5 . AO
Loamy s a n d  t o  s a n d .  R e d d i s h
b ro w n  ( 6 , 0  YR A / 3 ) .  V e ry  weak
n u c i f o r a  t o  s i n g l e  c c r a i n .  Some 
s t r a t i f i c a t i o n .  No l i m e  p r e s e n t  
D ark  c o a t i n g s  on s t r u c t u r a l  
f a c e s .  pH 5 .A2

Ci S a n d .  Y e l l o w i s h  b ro w n
10 YR 5 / A .  S t r u c t u r e l e s s .  No 
l i m e  p r e s e n t ,  pH 5 . 1 8

S o i l  Type  -  Fox s a n d y  lo a m  , a c i d  v a r i a n t  
T o p o g r a p h y  -  N e a r l y  l e v e l  
D r a i n a g e  -  Good 
E r o s i o n  -  None
P e r m e a b i l i t y  -  M o d e r a t e l y  r a p i d  
C l a s s i f i c a t i o n  -  C r a y  Brown P o d z o l i c

L o c a t i o n :  E& o f  N-J o f  S E i  o f  S ec  29  T5S RlAw
C a ss  C o u n ty ,  M ic h ig a n
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S o i l  P r o f i l e  and R e la te d  C h a r a c t e r i s t i c s  

Area X -  S t a t i o n  I I

The s o i l  p r o f i l e  exposed in  t h i s  a r e a  a l s o  e x h ib i t s  t u l i p  p o p la r  

o f  ex trem e h e ig h t  grow th in  c o n t r a c t  to  Area Y. This  s i t e  i s  a d ja c e n t  

to  Woods "B*1 on th e  s o u th .  Again, th e r e  i s  an abundance o f  sugar  maple 

s e e d l in g s ,  s e l f - p r u n in g  of lower b ra n c h es ,  absence o f  s u n sc a ld ,  and no 

b a s a l  s p r o u t in g .  The herbaceous v e g e ta t io n  e x h ib i t s  sp e c ie s  which have 

a p p a r e n t ly  m ig ra te d  from th e  hardwood f o r e s t  to  the  so u th .

Th is  a r e a  i s  s i m i l a r  to  S ta t io n  I  w ith  th e  ex cep tio n  o f a  few minor 

d i f f e r e n c e s  in  d ep th  to  th e  w a ter  t a b l e .  The A h o r iz o n  i s  a  da rk  re d d is h  

brown, which g rad es  in to  a  loamy sand B h o r iz o n .  Again, th e  C h o r izo n  a t  

a  d e p th  o f  3^ in c h e s ,  i s  a  y e l lo w is h  brown sand . No lim e i s  p re s e n t  in  

th e  low er p a r t  o f  th e  B h o r iz o n  o r  th e  G h o r iz o n .  The t u l i p  p o p la r  

l a t e r a l  ro o t  zone is  found e n t i r e l y  w i th in  th e  f i r s t  t h i r t e e n  inches o f  

th e  p r o f i l e .  As b e fo re ,  th e  s o i l  i s  a  Pox sandy loam, a c id  v a r i a n t ,  w ell 

to  somewhat e x c e s s iv e ly  d ra in e d .  Most of th e  w ater f a l l i n g  on t h i s  s o i l  

is  removed i n t e r n a l l y .  This s o i l  type  ten d s  to  be droughty  under exposed 

c o n d i t io n s .
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REPRESENTATIVE PROFILE AND DESCRIPTION

A r e a  X -  P l o t  I I

I n *  F t *  P r o f i l e D e p t h  H o r i z o n D e s c r i p t i o n

2 H  
4 
6 —

a -
t o  -

0 " - 8 "

3 4 " - 4 3 "  
u p

A l

8 " - 1 4 "  A2

1 4 " - 2 7 "  B2

2 7 " - 3 4 "  B-

S an d y  l o a m .  D ark  r e d d i s h  
b r o w n  (6  YR 3 / 2 ) .  Weak 
medium g r a n u l a r .  pH 5 . 3 9

S andy  l o a m .  B r o w n - d a r k  b ro w n  
( 7 . 5  YR 4 / 2 ) .  V e r y  weak m e d .  
g r a n u l a r  t o  f i n e  b l o c k y .  
Medium p l a t y .  pH 5 . 2 0

S an d y  lo a m  t o  s a n d y  c l a y  
l o a m .  D ark  b ro w n  ( 6 . 5  YR 3 / 3 ) •  
Weak c o a r s e  b l o c k y .  G r a v e l l y  
d a r k  c o a t i n g s  on s t r u c t u r a l  
f a c e s .  pH 5 . 1 5

Loamy s a n d .  R e d d i s h  b ro w n  
( 5 . 5  YR 4 / 3 ) .  V e ry  weak c o a r s e  
b l o c k y  t o  s i n g l e  g r a i n .  
G r a v e l l y  d a r k  c o a t i n g s  on 
s t r u c t u r a l  f a c e s .  pH 5 . 1 4

S a n d .  Y e l l o w i s h  b ro w n
(1 0  YR 5 / 4 ) .  S i n g l e  g r a i n .  No
l i m e  p r e s e n t .  pH 5 . 4 0

S o i l  Type  -  Fox s a n d y  loam ,  a c i d  v a r i a n t  
T o p o g r a p h y  -  N e a r l y  l e v e l  1 ^  t o  N 
D r a i n a g e  -  Good 
E r o s i o n  -  None
P e r m e a b i l i t y  -  M o d e r a t e l y  r a p i d  
C l a s s i f i c a t i o n  -  G ra y  Brown P o d z o l i c

L o c a t i o n :  E i  o f  o f  SE j o f  S e c  29 T5S R14W
C a ss  C o u n ty ,  M ic h ig a n
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S o i l  P r o f i l e  and R e la te d  C h a r a c t e r i s t i c s  

Area Y -  S t a t i o n  I I I

A p r o f i l e  exposed in  t h i s  a r e a  i s  r e p r e s e n t a t i v e  of th e  s i t e  f o r  

poor h e ig h t  grow th o f t u l i p  p o p la r .  Eo woods o f  any type  a re  a d ja c e n t  to  

t h i s  a r e a .  Sugar maple s e e d l in g s  a re  a b se n t ,  th e r e  i s  extreme su n sca ld  

damage and subsequen t wind b reakage , b a s a l  s p ro u t in g  o f  th e  t r e e s ,  and a 

p re d o m in a n tly  g r a s s  and annual weed herbaceous v e g e ta t io n .  Although th e r e  

i s  some o v e r la p  o f  herbaceous s p e c ie s  w ith  t h a t  o f  Area X, p r a c t i c a l l y  no 

s p e c ie s  o ccu r  h e re  which a re  found in  th e  o ld  growth hardwoods.

The s o i l  type  i s  a  Warsaw loam to  sandy loam, a remnant o f  th e  o ld  

p r a i r i e  s o i l  o f  so u th w es te rn  M ichigan. The A h o r izo n  i s  a da rk  g ray  to  

b la c k  loam ex ten d in g  some t h i r t e e n  inches  to  th e  B h o r iz o n .  There i s  no 

a c tu a l  Ag h o r iz o n ,  b e ing  r e p la c e d  by a  t r a n s i t i o n a l  A-̂  h o r iz o n .  The 

l a t t e r  i s  a ve ry  da rk  loam. At a depth  of f o u r te e n  inches th e  B2 i s  

re a c h e d ,  where t h e r e  is  a d e f i n i t e  c la y  l a y e r .  The bottom of th e  B h o r i ­

zon i s  a  loamy sand , and a t  J>6 inches  th e  y e l lo w ish  brown sand is  reach ed . 

The l a t e r a l  ro o t  zone o f  t u l i p  p o p la r  ex tends to  approx im ate ly  f i f t e e n  

inches  in  d e p th ;  th e  w ater t a b l e  i s  c lo s e r  to  the  s u r fa c e  than  in  Area X. 

E x te rn a l  d ra in a g e  o r  s u r fa c e  ru n o f f  i s  s l i g h t ;  i n t e r n a l  d ra in a g e  is  

m odera te  to  r a p id .

The Warsaw s o i l  ty p e  which i s  r e p r e s e n ta t i v e  o f  Area Y i s  d e s ig n a te d  

by Veatch (1927) a s  th e  “dry" p r a i r i e  re g io n  o f sou thw este rn  M ichigan. A 

d e s c r i p t i o n  o f  th e  s o i l  p r o f i l e  h e re  p re s e n te d ,  c lo s e ly  c o in c id e s  w ith  

t h a t  o f  V eatch . A lso  such  f e a t u r e s  as topography, geo logy , o rg an ic  m a t te r  

c o n te n t ,  c la y  c o n te n t ,  p r e c i p i t a t i o n ,  te m p e ra tu re ,  and d ra in ag e  one n e a r ly  

i d e n t i c a l  to  t h a t  d e s c r ib e d  by the  above a u th o r .  With r e f e re n c e  to  th e  B2
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h o r iz o n ,  V eatch  p o i n t s  o u t t h a t  t h i s  h o r iz o n  becomes very  compact under 

c e r t a i n  c o n d i t i o n s ,  so much so t h a t  i t  i s  r e f e r r e d  to  l o c a l l y  as  "hard  

p a n " .  The c o l l o i d a l  o r  c la y  c o n te n t  p r e s e n t  i s  s t r o n g ly  co h es iv e  o r  ad­

h e s iv e  and p o s s e s s e s  ve ry  h ig h  t e n s i l e  s t r e n g th  upon d ry in g .  The s o i l  

h o ld s  o n ly  r e l a t i v e l y  sm all amounts of vrater, bu t s l i g h t l y  h ig h e r  th a n  th e  

a s s o c i a t e d  f o r e s t e d  san d s .  The upper p a r t  o f th e  su b s tra tu m  i s  d ry  or 

ve ry  low in  m o is tu re  and th e  whole p r o f i l e  i s  p e n e t r a b le  to  t r e e  r o o t s .

Chemical a n a ly s e s  o f  th e  Warsaw type  r e v e a l  no unusual o r  abnormal 

p e c u l i a r i t i e s  in  com p o si t io n .  The o rg a n ic  m a t te r  and n i t r o g e n  c o n te n ts  

a re  somewhat h ig h e r  th a n  f o r  comparable f o r e s t e d  s o i l s  and th e  amounts o f  

v a r io u s  i n d iv id u a l  n u t r i e n t s  a re  no t d i f f e r e n t  from those  of o r i g i n a l l y  

f o r e s t e d  s o i l s  of s i m i l a r  t e x t u r e  th roughou t so u th e rn  M ichigan. Veatch 

found th e  and h o r iz o n s  s t r o n g ly  to  ve ry  s t r o n g ly  a c id  in

r e a c t i o n .  The most marked d i f f e r e n c e  in  th e  p r o f i l e  o f  th e  Warsaw and th e  

p r o f i l e  o f  a f o r e s t e d  s o i l  a s s o c i a t e d  w ith  th e  p r a i r i e ,  i s  th e  o rg an ic  

c o n te n t  of th e  s u r f a c e  h o r iz o n s ;  o th e rw ise  they  a re  s im i l a r  ch em ica lly  and 

p h y s i c a l l y  and in  p r o f i l e  a rrangem en t.  I t  appears  from o b s e r v a t io n  t h a t  

t h e r e  may be s l i g h t l y  more compaction in  th e  B h o r iz o n  of th e  p r a i r i e  s o i l .

In  f e r t i l i t y  and p ro d u c t iv e n e s s  th e  dry p r a i r i e  s o i l  i s  co n s id e re d  to 

be in te r m e d ia te ,  b e in g  somewhat h ig h e r  than  th e  f o r e s t e d  sands , and l e s s  

th a n  th e  f o r e s t e d  more l e v e l  c la y  s o i l s  o f  t h i s  r e g io n .  Lack o f  s u f f i c i e n t  

m o is tu re  a t  c r i t i c a l  p e r io d s  o f  th e  growing season i s  p ro b ab ly  the  c h ie f  

l i m i t i n g  f a c t o r  in  p ro d u c t io n  of h ig h  y i e l d s  o f  a g r i c u l t u r a l  c ro p s .  In  

p e d o lo g ic  te rm in o lo g y ,  th e  Warsaw s o i l  type  i s  "m ature", and su p p o r ts  a 

th e o ry  t h a t  th e  p r a i r i e s  were o r i g i n a l l y  t r e e l e s s .  The p r o f i l e  in d ic a te s
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t h a t  th e  s o i l  d eve loped  under c o n d i t io n s  o f  r e l a t i v e l y  low m o is tu re ,  

v a r i a b l e  in th e  s u r f a c e  h o r iz o n ,  r e l a t i v e l y  low in  th e  B h o r iz o n ,  and 

v e ry  low in  th e  0 h o r iz o n ,  b eg in n in g  a t  dep ths  o f  two to  t h r e e  f e e t .  

A ccording  to  V eatch  (1927) th e r e  i s  no ev idence  in  th e  s o i l  p r o f i l e  of 

th e  p e c u l i a r i t i e s  common to  e x c e s s iv e  m o is tu re  o r w a te r lo g g in g  i f  th e se  

c o n d i t io n s  ev er  e x i s t e d .  There i s  no evidence  to  support  a  c o n te n t io n  

t h a t  some chem ical c o n d i t io n  in  th e  p r a i r i e  s o i l  i n h i b i t s  t r e e  growth.
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REPRESENTATIVE PROFILE AND DESCRIPTION 

A r e a  Y -  P l o t  I I I

I n ,  F t ,  P r o f i l e D e p t h  H o r i z o n D e s c r i p t i o n

2 -  

4  — 
6 —

a —
/O —

2

3

4

0 " - l l M Ax

1 1 " - 1 3 ” A3

1 3 ,,- 2 4 f' B2

2 4 - 3 6  B3

36 - 4 6  CX 
u p

L oam .  V e ry  d a r k  g r a y  t o  
b l a c k  ( 5 . 0  YR 2 . 5 / 1 . 5 )  . 
Medium g r a n u l a r .  pH 5 . 8 5

L oam .  D a rk  b r o w n  ( 7 . 5  YR 
3 / 1 . 7 5 ) .  T r a n s i t i o n a l .  pH 5 . 1 6
C l a y  lo a m  t o  s a n d y  c l a y  l o a m .  
D a rk  b r o w n  ( 7 . 5  YR 3 / 2 ) .
Medium t o  c o a r s e  n u c l f o r m .
D ark  c o a t i n g s  on a g g r e g a t e s . 
G r a v e l l y • pH 5 . 0 2

Loamy s a n d  t o  s a n d .  Brown t o  
d a r k  b r o w n ;  one b a n d  d a r k  
b r o w n  a t  b o t t o m  ( 6 . 5  YR 4 / 3  
t o  7 . 5  YR 3 / 2 )  a t  b o t t o m .
V e r y  weak n u c l f o r m  t o  s i n g l e  
g r a i n .  D ark  c o a t i n g s  on 
a g g r e g a t e s .  G r a v e l l y .  pH 5 . 1 7

S a n d .  Y e l l o w i s h  b ro w n  w i t h  
d a r k  b r o w n  i n  t h i n  b a n d s .
( 1 0  YR 5 / 4  t o  7 . 5  YR 3 / 2  i n  
t h i n  b a n d s )  . S i n g l e  g r a i n  o v e r  
s t r a t i f i c a t i o n .  No l i m e  p r e s e n t  
pH 5 . 4 2

S o i l  Type -  Warsaw lo a m  o r  s a n d y  l o a m ,  a c i d  
T o p o g r a p h y  -  N e a r l y  l e v e l  1% t o  N v a r i a n t
D r a i n a g e  -  Good;  W a t e r  t a b l e  2-§-'
E r o s i o n  -  None
P e r m e a b i l i t y  -  M o d e r a t e l y  r a p i d  
C l a s s i f i c a t i o n  -  P r a i r i e

L o c a t i o n :  o f  N-J- o f  5E-J- o f  S e c  2 9  T5S R14W
C a ss  C o u n ty ,  M ic h ig a n
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S o i l  P r o f i l e  and E e la te d  C h a r a c t e r i s t i c s  

Area Y -  S t a t i o n  17

As in  th e  p re c e d in g  s o i l  ty p e ,  th e  p r o f i l e  exposed a t  S ta t io n  IY 

i s  r e p r e s e n t a t i v e  o f  th e  s i t e  f o r  poor h e ig h t  growth o f t u l i p  p o p la r .  

T h is  p r o f i l e  was made in  th e  approxim ate  c e n te r  of th e  p l a n t a t i o n ,  f r e e  

from any a d jo in in g  woods. A gain, sugar  maple s e e d l in g s  a re  a b se n t ,  

s u n sc a ld  damage i s  s e v e re ,  b a s a l  s p ro u t in g  of th e  t r e e s  i s  p r e v a l e n t ,  

and a  h e rbaceous  g r a s s  v e g e ta t io n  is  dominant.

The p r o f i l e  d e s c r ip t i o n  fo l lo w s  much th e  same p a t t e r n  as  f o r  th e  

Pox sandy loam. However, th e  Bronson sandy loam, a c id  v a r i a n t ,  h e re  

d e s c r ib e d ,  i s  o n ly  m od era te ly  w e l l -d ra in e d  in  c o n t r a s t  to  th e  w ell  to  

e x c e s s iv e ly  d ra in e d  Pox s e r i e s .  A c la y  loam to  sandy c la y  loam e x i s t s  

a t  th e  h o r iz o n ,  g ra d in g  in to  a, loamy sand a t  th e  h o r iz o n .  As in  

th e  t h r e e  s o i l  ty p es  p r e s e n t ,  a  c o a rse  sand i s  found a t  app rox im ate ly

31 in c h e s .  At th e  tim e of sam pling o f  t h i s  p r o f i l e ,  th e  C]_ h o r iz o n  was

co m p le te ly  s a t u r a t e d  w ith  w a te r .  P r a c t i c a l l y  a l l  o f th e  w a ter  f a l l i n g  

on t h i s  s o i l  type  i s  removed i n t e r n a l l y ;  i n t e r n a l  d ra in ag e  i s  moderate 

to  rapid, in  th e  upper p a r t  o f  th e  s o i l  and slow in  th e  lower p a r t ,  due

to  a r e l a t i v e l y  h ig h  w a ter  t a b l e .
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.REPRESENTATIVE PROFILE AND DESCRIPTION

A r e a  Y -  P l o t  IV

I n .  F t  • P r o f i l e  D e p t h  H o r i z o n D e s c r i p t i o n

2 ■
4  —  
6 —
8 — 
10 —

Ofl- 8  "

8 " -1 2 "  A.

1 2 " - 2 2 "  B.

2 2 " - 3 1 "  B3

31"  - 4 0 "  C, 
u p

S andy  l o a m .  D ark  r e d d i s h  
b r o w n  ( 6 . 0  YR 3 / 2 ) .  Weak 
medium g r a n u l a r .  pH 5 . 3 5

Sandy  l o a m .  D ark  b ro w n  
( 7 . 5  YR 4 / 2 ) .  Weak medium 
g r a n u l a r  t o  f i n e  b l o c k y .  
pH 4 . 9 4
C l a y  lo a m  t o  s a n d y  c l a y  l o a m .  
Brown t o  d a r k  b ro w n  ( 7 . 5  YR 
4 / 3 ) .  Medium t o  c o a r s e  b l o c k y *  
G r a v e l l y .  pH 4 . 7 0

Loamy s a n d  t o  s a n d .  D ark  
r e d d i s h  b ro w n  ( 5 . 0  YR 3 / 3 ) .  
V e ry  weak c o a r s e  b l o c k y .  
pH 4 . 8 3

C o a r s e  s a n d .  P a l e  b ro w n  t o  
d a r k  r e d d i s h  b ro w n  ( m o t t l e d ) .
(1 0  YR 6 / 3  t o  6 . 0  YR 3 / 3 ) .  
S a t u r a t e d  w a t e r .  No l i m e  p r e s e n t ,  
pH 5 . 8 2

S o i l  Type -  B r o n s o n  s a n d y  l o a m ,  a c i d  v a r .  
T o p o g r a p h y  -  N e a r l y  l e v e l  
D r a i n a g e  -  M o d e r a t e ;  W a t e r  t a b l e  2-g-* 
E r o s i o n  -  None
P e r m e a b i l i t y  * M o d e r a t e l y  r a p i d  
C l a s s i f i c a t i o n  -  G ra y  Brown P o d z o l i c

L o c a t i o n :  Eg- o f  N-J o f  S E j o f  S ec  29  T5S KL4W
C a ss  C o u n ty ,  M ic h ig a n
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2. S p e c i f i c  G ra v i ty  o r  Real D e n s ity  

E x p e r im en ta l  Method:

The s p e c i f i c  g r a v i t y  was de term ined  on th i r t y - tw o  samples in

d u p l i c a t e  r e p r e s e n t in g  th e  A-|_ and A2 h o r iz o n s  f o r  each of fo u r  sampling 

s t a t i o n s ,  a c c o rd in g  to  th e  te ch n iq u e  of Lutz (1944). S o i l s  from th e  f i e l d  

were a i r - d r i e d  and p a s se d  th rough  a  two mm. s i e v e ;  th e se  samples were then  

p la c e d  in  a  p icn o m ete r  w ith  f r e s h l y  b o i l e d  d i s t i l l e d  w a te r .  By re p e a te d  

e v a c u a t io n  in  a vacuum d e s i c c a to r  th e  i n t e r s t i t i a l  a i r  was g r a d u a l ly  r e ­

p la c e d  by w a te r .  A f te r  a l l  th e  a i r  had been removed from th e  s o i l ,  

a p p r o p r i a t e  te m p e ra tu re s  and tim e were re c o rd ed  end the  s p e c i f i c  g r a v i ty  

d e te rm in ed  by d iv id in g  th e  weight of th e  oven-dry  sample by th e  volume of 

s o i l .  A summation of th e  v a lu e s  o b ta in e d  f o r  two h o r izo n s  is  p re s e n te d  in  

T ab le  6 .

TABLE 6 .

SPECIFIC GRAVITY OF THE "A" HORIZON OF SOILS IN AREA X AND AREA Y

H orizon

Area, X ( S ta t io n s  I - I I )

Oven-dry VJeight (gins.) Volume of S o i l  (ml) S p e c i f ic  G rav ity

17-42
20 .50 S .12

6.77 2 .60
2 .52

I I A i
IIA 2

19*5^ 
21. S6

7.62
S .42

Area Y (S ta tio n s  III-IV )

IIIA -l

i h a 2
2 1 .0 2
i 7 . l l

7.37
6.23

2.39
2.74

IVA-i
i v a 2

19 .23
1 7 .85

6.35
6.73

2.S4
2.7b
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D iscu ss io n  o f R esu lts  

The s p e c i f ic  g r a v ity , or r e a l d en sity  of a s o i l  is  u n a ffec ted  by 

s tr u c tu r e , and thus the s p e c i f ic  g r a v ity  d if f e r s  from the volume weight 

o f  s o i l s .  Wide v a r ia t io n  in  m ineral s o i l s  does not e x is t  as shown by the 

preced in g  d a ta . The average s p e c i f ic  g r a v ity  fo r  Area X, which inclu des  

both the A-̂  and Ag h o r izo n s, is  2 .$8 ; the s p e c i f ic  g ra v ity  fo r  Area Y o f  

the same horizon s i s  2 .6 4 .  These va lu es rep resen t only a d if fe r e n c e  o f  

.06 between the two area s, and ob v iou sly  is  in s ig n if ic a n t  even though 

th ere are th ree in d iv id u a l s o i l  types rep resen ted . The va lu es obtained  

in Table 5 are used in  the form ula fo r  computing the to t a l  p o r o s ity .

To determ ine th e s t a t i s t i c a l  d iffe re n c e  in  s p e c if ic  g r a v ity  of the 

s o i l s  fo r  the area o f good and poor h eigh t growth o f tu lip  p op lar, an 

a n a ly s is  o f variance fo llo w s  in  Table 7* N either the Â  nor the A2 

horizon  shows any s t a t i s t i c a l  s ig n if ic a n c e .

TABLE 7 .

ANALYSIS OF VARIANCE FOR SPECIFIC GRAVITY AREA X v s . AREA Y

B a sis :  32 samples

Hor izon  Source Degrees o f  Freedom Sum o f  Squares Mean Square F

Ax T otal 15 .27
X vs Y 1 .02 .02
Error l 4  .23 .018 1 .1

A2 T otal 15 .4-1
X v s  Y 1 . 0 1  . 0 1
Error l 4  .40 .028 .36
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3* Volume Weight o r  Apparent D en s ity  

E x p erim en ta l  Method;

The volume w eight was de term ined  on th i r t y - tw o  f i e l d  samples

ta k e n  in  s i t u  hy u se  o f  a  s o i l  c o re  sampler acco rd in g  to  Baver ( l9 4 g ) .

Core samples were tak en  from the  and A2 h o r iz o n s  in  each a re a .  A f te r  

d e te rm in in g  th e  w eight of each co re  a t  f i e l d  c a p a c i ty ,  a  d i s k  of f i l t e r  

p a p e r  and c h e e s e c lo th  was f i r m ly  a t t a c h e d  to  one end of the  c o re .  By means 

o f  an o v e rf lo w  cup th e  volume of s o i l  and c y l in d e r  were o b ta in e d .  The 

f i l l e d  c o re s  were p la c e d  in a  pan of w ater and allow ed  to  s a t u r a t e  f o r  24 

h o u rs .  F o r  th e s e  u n d is tu rb e d  c o re s ,  oven-dry  w eights  were c a l c u l a t e d  as a 

f i n a l  s t e p  in  th e  p ro ced u re  and from th e  above tech n iq u e  th e  volume weight 

was de te rm in ed  by d iv id in g  th e  oven-dry  weight of each samole by th e  volume 

o f s o i l .  This  method d i f f e r s  e s s e n t i a l l y  from th e  s p e c i f i c  g r a v i ty

H orizon  Oven-dry Weight (gms.) Volume o f  S o i l  (m l.)  Volume Weight

TABLE S.

VOLUME WEIGHT OP THE "A" HORIZON OP SOILS IN AREA X A HD AREA T

A rea X ( S ta t io n s  I - I I )

453-15 
5 9 9 -l4

344.25
371.00

1.31
l.bO

1 1 ^
I I A g

509.S3 
606.29

359-00
374.00

1 .4 l
1.62

Area Y ( S ta tio n s  III-IV )

11IA- 
I i i a "

491.77
533.22

367.50
364.00

IVA-,
i v a 2

4 g g . l0
633.17

363.25
375.75
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d e te r m in a t io n  in  th e  f a c t  t h a t  th e  inc lu d ed  pore  space i s  measured, thus 

g iv in g  low er v a lu e s  th an  f o r  s p e c i f i c  g r a v i t y .  The volume weight ex p re sses  

th e  r a t i o  "between th e  d ry  w eight of a  g iven  volume o f u n d is tu rb e d  s o i l  and 

th e  w eigh t o f  an equal volume of w a te r .  The v a lu es  o b ta in e d  in  Table & 

r e p r e s e n t  th e  number of t im es a  p a r t i c u l a r  sample i s  h e a v ie r  than  an equal 

volume o f  w a te r .

D iscu ss io n  o f  R e s u l ts  

S ince  th e  volume weight d e te rm in a t io n  in c lu d e s  the  a i r  space i t  i s  

e v id e n t  from th e  above c a l c u l a t i o n s  t h a t  in  every  case  th e  A]_ h o r iz o n  shows 

s m a l le r  v a lu e s  th an  th e  Ag, an in d i c a t i o n  o f  th e  g r e a t e r  a i r  c a p a c i ty  in  th e  

topmost h o r iz o n .  The average  volume weight f o r  Area. X i s  1 .^9  aud f o r  

Area T i t  i s  1 .^ 2 .  A s l i g h t  d i f f e r e n c e  o f  .07 i s  re c o g n iz a b le  in  th e  two 

a r e a s ,  d e s p i t e  th e  f a c t  t h a t  loam s o i l s  a re  ev id en t  in  Area Y.

TABLE 9.

ANALYSIS OF VARIANCE 3T0R VOLUME WEIGHT AREA X v s .  AREA Y

H orizon Source Degrees o f

B a s i s :  l 6 samples 

Freedom Sum of Squares Mean Square F

A1 T o ta l 15 .03
X vs Y 1 .00 .00
E rro r lb .03 .002 .00

A2 T o ta l 15 .2b
X vs Y 1 .05 .05
E rro r lb .19 .013 3 .sU

In  o rd e r  to  f u r t h e r  check th e  s t a t i s t i c a l  s ig n i f i c a n c e  o f  the  two a reas  

under c o n s id e r a t i o n ,  an a n a ly s i s  of v a r ia n c e  was made to  de term ine  th e  

m agnitude o f  d i f f e r e n c e s .  No s i g n i f i c a n t  d i f f e r e n c e s  in  e i t h e r  th e  Ap o r  A2 

h o r iz o n  were ap p a ren t  f o r  volume w eigh t.
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A ccord ing  to  Lutz  and Chandler (19^6) th e  volume weight of th e  Ap 

h o r iz o n  o f  f o r e s t  s o i l s  is  commonly l e s s  th an  1 .0 0 .  This v a lu e  i s  con­

s id e r a b l y  low er th a n  th e  v a lu e s  o b ta in e d  and i s  in  accord  v i t h  the  f a c t  

t h a t  th e  s o i l s  b e in g  in v e s t i g a t e d  a re  no t s t r i c t l y  "m ature” f o r e s t  s o i l s ,  

and a re  l e s s  porous  th a n  f o r e s t  s o i l s  in s o f a r  as th e  volume weight is  

concerned . The h ig h  volume w eigh ts  o b ta in e d  a re  an in d ic a t io n  of the  

s t r u c t u r e  o f  th e se  s o i l s  s in c e  th e  low po re  volume in d ic a te s  h ig h e r  

volume w e ig h ts .  Also th e  h ig h  volume w eights  in d ic a te  in  a  g e n e ra l  way 

th e  low o rg a n ic  m a t te r  as w e ll  as th e  h ig h  c o n ten t  of sand in  th e se  s o i l s .

P ore  Volume ( T o ta l ,  C a p i l l a r y ,  and N o n -c a p i l la ry )

E xperim en ta l Method:

The p o re  volume was de te rm ined  on th i r ty - tw o  d u p l i c a te  f i e l d  

samples ta k e n  in  s i t u  by use  of a  s o i l  co re  sam pler. These samples were 

taken  from th e  A]_ and Ag h o r izo n s  f o r  Area X and Area Y. A f te r  d e te r ­

mining th e  s a t u r a t e d  weight of each c o re ,  th e  c y l in d e r s  were p la c e d  on 

a pE t a b l e  a t  a  s o i l  pE of 1 . 6  f o r  tw e n ty -fo u r  h ou rs .  The co re s  were 

weighed a f t e r  d ra in in g  on th e  pE t a b l e  and then  o v e n -d r ie d  acco rd ing  to  

Baver (l9*+g) . From th e s e  d e te rm in a t io n s  th e  p e rc e n t  t o t a l  p o r o s i t y ,  non­

c a p i l l a r y  p o r o s i t y ,  and c a p i l l a r y  p o r o s i ty  were c a l c u l a t e d .  T o ta l  p o r o s i ty  

was o b ta in e d  by d iv id in g  th e  s p e c i f i c  g r a v i ty  minus the  volume weight by 

th e  s p e c i f i c  g r a v i t y  and m u l t ip l i e d  by 100. To ge t th e  p e rc e n t  c a p i l l a r y  

p o r o s i t y ,  s u b t r a c t  th e  t o t a l  p o r o s i ty  minus th e  n o n - c a p i l l a r y  p o r o s i t y .

A summation of p o re  volume v a lu e s  is  g iven  in  Table 10.
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TABLE 1 0 .

PORE VOLUME OP THE "An HORIZON OP SOILS IN AREA X AND AREA Y

P e rc e n t  p o r o s i t y  
A rea X ( S ta t io n s  I - I l )

H orizon C a p i l l a r y H o n -c a p i l la ry T o ta l  P o r o s i ty

IAi
i a 2

24.9
2 1 .0

2 5 .2
16 .3

50 .1
37.3

IIA X
i i a 2

25 .9  
2 6 . 4

17-5
11.7

Area Y ( S ta t i o n s  I I I - IV )

4 3 .4
3 8 .1

I I  IAi
I I IA 2

2 6 .0
29 .1

21.5
15.3

47.8
4 4 .4

IVAp
IVA2

28.0
26 .7

22 .2  
1 3 .8

50 .2
40.8

Average Values Combined S ta t io n s

I - I I A i
i - i i a 2

2 5 . 4
25+.1

21.3
1 3 .6

46 .8  
37. s

I 1I-IVA!
i i i - i v a 2

27 .0
27.9

2 1 . 5
14 .6

48.9
42.5

I —I I  At Ap
I I I - I V  a xa 2

2 4 .g 
27 .5

17 .4  
I S . 2

42.8
45.7

D iscu ss io n  of R e su l ts

The r e l a t i v e  p ro p o r t io n s  of a i r  and w ater in  a  s o i l w i l l  c o n s ta n t ly

change. I t  i s co nven ien t to  employ th e  concept of l a r g e and sm all po res

which d e te rm ine  to  a  g r e a t  e x te n t  th e  a e r a t i o n  and in t e r n a l  d ra in ag e  of 

th e  s o i l .  The above v a lu es  a re  b e s t  e v a lu a te d  by averages  of the  comb­

ined s t a t i o n s  in  d u p l i c a t e  f o r  th e  th re e  main c l a s s e s  of pore  volume. The 

v a lu e s  o b ta in e d  in  Ta.ble 10 in d ic a te  t h a t  th e r e  is  g r e a t e r  n o n - c a p i l l a r y , 

c a p i l l a r y ,  and t o t a l  po re  space in  Area Y than  in  Area X. This i s  t r u e  f o r  

b o th  th e  Ax and A2 h o r iz o n s  in  every  c a se ,  and c o r ro b o ra te s  the  volume
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w eight d e te r m in a t io n s .  However, th e  m agnitude o f  th e  d i f f e r e n c e s  i s  not 

g r e a t .  The re la /b iv e  p ro p o r t io n  o f  c a p i l l a r y  to  n o n - c a p i l l a r y  po re  space 

i s  more marked in th e  A2 h o r iz o n  th an  in  th e  h o r iz o n  in  d o th  Area X and 

A rea Y. An a n a ly s i s  of v a r ia n c e  (T ab le  11) i n d i c a t e s  no s i g n i f i c a n t  

d i f f e r e n c e  in  p o re  volume of any c l a s s  i f  i c a t  ion by comparing th e  v a lu es  

o f  A rea  X and Area, Y.

TABLE 11.

ANALYSIS OP VARIANCE OP PORE VOLUME POR SOILS OP THE 
v s .  AREA Y

"A" HORIZON IN AREA X

B a s is :  l 6 samples
P e rc e n t  c a p i l l a r y  p o r o s i ty

H orizon Source Degrees of Preedom Sum o f  Squares Mean Sq.ua.re P

A1 T o ta l 15 58.05
X vs Y 1 10.^9 IO .39
E r ro r l b 1+7-66 3 . bo 3.05

a 2 T o ta l 15 1+18.59
X vs Y l 56.63 56 .63
E rro r l̂ l- 3 61 .96 25 .35 2.19

P e rc e n t  N o n -c a p i l la ry  P o r o s i ty
Ai T o ta l 15 292.29

X vs Y l .96 .96
E rro r l b 291.33 20.80 . 0 l+

a 2 T o ta l 15 303.23
X vs Y l 3*70 3*70
E rro r i ^ 299.53 21.39 *17

P e rc e n t  T o ta l  P o r o s i ty

A-i T o ta l 15 291 . ^j.
X vs Y 1 1 7 . 61+ 17.64
E r ro r i b 273 . go 19.55 .90

A2 T o ta l 15 5U2.00
X vs Y l S9 .30 39.30
E r ro r i ^ U52.70 3 2 . 3O 2 .7 6
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Baver (19^-0) p o in t s  ou t t h a t  th e  t o t a l  p o r o s i t y  of s o i l s  i s  

u s u a l l y  in  th e  neighborhood, o f  f i f t y  p e rcen t*  The average  va lu es  ob­

t a i n e d  in  a l l  samples h e re  investiga/fced ranges  from a low o f  37*3 Per_ 

c e n t  to  a  h ig h  o f  50-2 p e rc e n t  t o t a l  p o r o s i t y .  Pore  volume d ecrea sed  

from th e  A]_ to  th e  h o r iz o n  f o r  a l l  c l a s s e s  o f  p o r o s i ty  in  b o th  a r e a s .  

In  A rea  X th e  c a p i l l a r y  pore  space  i s  7*^ p e rc e n t  g r e a t e r  than  th e  non­

c a p i l l a r y  p o re  sp ace ;  Area Y has a  s im i l a r  s i t u a t i o n  w ith  a 9*3 p e rc e n t  

g r e a t e r  c a p i l l a r y  p o re  sp ace .  The n a tu re  o r  k in d  o f po re  space w i l l  

d e te rm in e  th e  f i e l d  c a p a c i ty ,  i n t e r n a l  d ra in a g e ,  and amount of a e r a t io n .  

The a i r  c a p a c i ty  o f  s o i l s  i s  o f t e n  c o n s id e red  as be ing  e q u iv a le n t  to  the  

n o n - c a p i l l a r y  p o re  volume. C a p i l l a r y  po re  volume may be ex p ressed  as 

e q u iv a l e n t  to  th e  f i e l d  c a p a c i ty .  The n a tu re  of th e  n o n - c a p i l l a r y  p o res  

is  f a c i l i t a t e d  by measurements of th e  r a t e  of i n f i l t r a t i o n  o f  w a te r .  A 

l a r g e  number o f  in te r-com m unica ting  n o n - c a p i l l a r y  p o re s  u s u a l ly  means 

h ig h  i n f i l t r a t i o n  r a t e s .  The a i r  c a p a c i ty  i s  a lso  r e l a t e d  to  s o i l  

t e x t u r e .

5* H ygroscopic  C o e f f i c i e n t  

E xperim en ta l Method:

To d e te rm in e  th e  h y g ro sco p ic  c o e f f i c i e n t ,  as o u t l in e d  by Baver 

( 191+g) , tw enty  f i e l d  samples were taken  a t  f i v e  s o i l  h o r izo n s  in  Area X 

and Area Y. The samples were a i r - d r i e d  and f i v e  grams of each was p la c e d  

in  weighed weighing can s .  The uncovered  cans were p la c e d  in  an oven a t  

105° C f o r  tw e n ty - fo u r  h o u rs ,  weighed, and th e  hygroscop ic  c o e f f i c i e n t  

d e te rm in ed . An index  of th e  s u r f a c e  a c t i v i t y  of s o i l s  is  th u s  o b ta in e d ,  

o r th e  amount o f  w a te r  adsorbed  on th e  su r fa c e  of s o i l  p a r t i c l e s  in  an
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a tm osphere  o f  w a te r  vapor o f  known, r e l a t i v e  h u m id ity .  The c o e f f i c i e n t s  

o b ta in e d  a re  supposed to  mark th e  upper l i m i t  o f  th e  hyg roscop ic  m o is tu re  

range  a t  a p p ro x im a te ly  a, pF of 4 .5 .  A summation o f r e s u l t s  i s  g iven  in  

Table  12.

TABLE 12.

HYGROSCOPIC COEFFICIENT VALUES FOR FIVE SOIL HORIZONS AREA X AND Y

P e rc e n t  
Area X ( S ta t io n s  I - I I )

H orizon Weight oven-d ry  s o i l  Weight w a te r  l o s t  Hygroscopic C o e f f ic ie n t

IA-i 6 .U7 .03 .46
A-2 5 .56 .025 .45
b 2 5-51 .055 • 998
b 3 5 .91 .01 *17
Cl 5*59 .005 .09

IIA-i 4 .67 .02
a 2 5*55 .03 .54
b 2 4 .95 .03 .61

B3 5*78 .015 .26

*1 ^*77 .01

Area Y ( S t a t i o n s  I I I - IV )
.21

I  IIA-i 4 .75 .04 .84

a 3 5*70 .06 1 .05

B2 6 .09 *075 1.23

ici
6 .0 6 .005 .08
5*91 .005 .084

IVA-i 5*07 .025 *49
X

A p 4 . 9 4 .04 .81
CL

b 2 4 .6 5 .03 .64

B3 5*9 8 .02 *33
o3i 5 . 3^ .003 .09

D iscu ss io n  o f R e su l ts  

In  s p i t e  o f  th e  u n s a t i s f a c t o r y  n a tu re  o f  hygroscop ic  m o is tu re  v a lu e s ,  

P u r i  (1925) and Keen (1931) , t h i s  c o n s ta n t  has found wide u se .  In  th e
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p r e s e n t  i n v e s t i g a t i o n ,  th e  v a lu e s  o b ta in e d  f o r  th e  Ag and B2 h o r iz o n s  of 

A rea Y a r e  h ig h e r  th a n  th o se  in  Area X. In  g e n e r a l ,  th e  h ig h e s t  v a lu e s  of 

h y g ro sc o p ic  c o e f f i c i e n t  a re  found in  s o i l s  having  a  h igh  c o n te n t  o f  c o l l o i d s .  

The r e l a t i o n s h i p  between th e  m echanical a n a ly s i s  and th e  h yg roscop ic  co­

e f f i c i e n t  i s  d e f i n i t e l y  b rough t ou t h e re  as ev idenced  by th e  h ig h e r  v a lu es  

o f  A rea  Y ( S t a t i o n  I I I ) *  In  g e n e r a l ,  h ig h e r  v a lu es  a re  found in  a l l  

h o r iz o n s  f o r  Area Y. A s t a t i s t i c a l  a n a ly s i s  (T able  13 ) In d ic a te s  no s ig ­

n i f i c a n t  d i f f e r e n c e s .

TABLE 13.

ANALYSIS OP VARIANCE OP HYGROSCOPIC COEFFICIENT FOR FIVE SOIL HORIZONS AREA X 
(GOOD HEIGHT GROWTH) v s .  AREA Y (POOR HEIGHT GROWTH)

B a s is :  25 samples

H orizon Source Degrees of Freedom Sum o f  Squares Mean Square F

A1 T o ta l 3 .110
X vs Y 1 .050 .050
E rro r 2 .060 .030 1.67

A2 T o ta l 3 .2227
X vs Y 1 .1898 .1898
E r ro r 2 .0329 .0164 15.73

T o ta l 3 .245
cL

X vs Y 1 .014 .014
E r ro r 2 .231 • 115 .012

Bv T o ta l 3 .035^
j X vs Y 1 .0001 .0001

E rro r 2 .0333 .0176 .005

T o ta l 3 .0115
J. X vs Y 1 .0042 .0042

E r ro r 2 .0073 .OO36 1.17
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6 . Maximum W ater-H old ing  C apac ity

S x p e r im en ta l  Method:

I n  o rd e r  to  de te rm ine  th e  maximum w a te r -h o ld in g  c a p a c i ty  o f  

th e  t h r e e  s o i l  types  under i n v e s t i g a t i o n ,  s i x t y - f o u r  samples were 

c o l l e c t e d  from th e  p r o f i l e s  r e p r e s e n t in g  f i v e  h o r iz o n s  in  Area X and 

Area Y. These samples were a i r - d r i e d  and passed  th rough  a two mm. sieve*

A t h i r t y  gram sample was then  p la c e d  in square  m o is tu re  e q u iv a le n t  boxes 

and f i l t e r  paper  p la n ed  in th e  bottom o f  the  box. The c o n ta in e r s  were 

p la c e d  in  a one cm. l a y e r  o f  w a ter  and a llow ed  to  s a t u r a t e  f o r  tw enty- 

fo u r  h o u rs ,  a f t e r  which tim e they  were d ra in e d  f o r  t h i r t y  m in u te s ,  

weighed, and th e  p e rc e n ta g e  m o is tu re  de term ined  a t  th e  maximum w a te r -  

h o ld in g  c a p a c i ty ,  as o u t l in e d  by Baver (19^8).

As a com parison between u s in g  a i r - d r y  samples and s o i l s  in  t h e i r  

n a t u r a l  c o n d i t io n ,  th i r t y - tw o  more samples were c o l l e c t e d  in s i t u  by 

means o f  a  co re  sam pler acco rd ing  to  th e  o r i g i n a l  method o f  Schumacher 

(1S 64). The same p ro ced u re  was c a r r i e d  out on the  co re  sam ples, and the  

w a te r -h o ld in g  c a p a c i ty  de term ined  on s o i l s  o f  th e  same a rea  but in  t h e i r  

u n d is tu rb e d  c o n d i t io n .  This comparison of methods was deemed a d v isa b le  

s in c e  v a r io u s  i n v e s t i g a t o r s  have shorn  v id e  d i f f e r e n c e s  in  th e  two methods. 

By a i r - d r y i n g  and s i e v in g  a sample, th e  n o n - c a p i l l a r y , in tercom m unicating  

pore  space  and n a t u r a l  s t r u c t u r e  o f  the  s o i l  i s  a l t e r e d .  For th e se  

r e a s o n s ,  i t  i s  p r e f e r a b l e  to c o l l e c t  s o i l s  in  s i t u  f o r  w a te r -h o ld in g  

c a p a c i ty  d e te r m in a t io n s .  The n a t u r a l  co re s  were taken  from a l l  ho rizo n s  

w ith  the  e x c e p t io n  o f  th e  C^. A condensed summary of th e  v a lu e s  f o r  a i r -  

dry  and n a t u r a l  c o r e s ,  in c lu d in g  p e rc en ta g e  d i f f e r e n c e s  f o r  the  "A" and 

“B11 h o r iz o n s  in  th e  two methods, is  g iv e n  in  Table l b .
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TABLE l 4 .

MAXIMUM WATER-HOLDING- CAPACITY OP SOILS REPRE3ENT IIIG- PIYE SOIL HORIZONS
IN AREA X AND AREA Y

P e rc e n t  M oistu re  
Area X ( S ta t io n s  I - I I )

S o i l  H orizon  W ate r-ho ld ing  C apac ity  W ater-ho ld ing  C apac ity  Avg. D if f e re n c e  
( A i r - d r i e d  and s iev ed )  (N a tu ra l  c o n d i t io n )  A ir -d ry  vs .

N a tu ra l

IA X 5 2 .1 42.5 15 .6
Ap 46.9 26.3 2 0 .6
B2 44.3 23.3 21 .0% 22 .3 22 .7 5.6

22 .5 — —

I I A p 56.9 35 .2 21.7
A£ 4 4 .4 24.2 2 0 .2
B2 39.3 25.9 13.4

31.3 23 .3 2 .0
29.5

Area Y (S ta t io n s  I I I - I V )

IIIA-i 59 .6 22.9 20.7
A , 6 3 .6 32.7 30-9
4 52.5 27 .6 24.9

B3
CI

3 0 .1 20 .9 9 .2
2 2 .0 — —

IVAx 57.4 32.9 20 .5
Ao 37.3 2 9 .2 22 .1
Bo 46.7 25 .5 21 .2c. 3 6 .0 24.5 11 .5

C31 29 .0 — —

D is cu s s io n  o f  R e su l ts  

S ince  th e  c o n t i n u i t y  of w a ter  supp ly  f o r  f o r e s t  t r e e s  i s  f u l l y  as 

im portan t as th e  t o t a l  amount, a  measure of the  w ater—h o ld in g  r e t e n t i o n  of 

in d iv id u a l  s o i l  h o r iz o n s  is  ve ry  im p o r tan t .  The w ater r e t a in e d  in s o i l s  

a f t e r  g r a v i t a t i o n a l  w a te r  has d ra in e d  o f f ,  or th e  c a p i l l a r y  and hygroscopic  

w a te r ,  may “become c r i t i c a l  f o r  c e r ta . in  sp e c ie s  of t r e e s .  This i s  espe­

c i a l l y  t r u e  where the  s o i l s  a re  s u b je c t  to h igh  ev ap o ra t io n  and subsequent
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d ry in g  o u t  a t  c e r t a i n  p e r io d s  of th e  growing sea so n .  T rees growing in  

s o i l s  o f  low f e r t i l i t y  r e q u i r e  l a r g e r  amounts of w a ter  th an  t r e e s  g ro wing 

in  f e r t i l e  s o i l s ,  b ased  upon th e  w ater  requ irem en t f o r  each u n i t  o f  dry 

m a t te r  p rod u ced . In  humid r e g io n s ,  c o a r se  sandy s o i l s  having deep w ater 

t a b l e s  a r e  o f t e n  p o o re r  s i t e s  th an  s o i l s  of medium o r  f i n e  t e x t u r e .  In  

a  c o n s id e r a t i o n  of s o i l - m o i s tu r e  r e l a t i o n s h i p s  one must always c o n s id e r  

th e  n a tu r e  o f  th e  d eeper  s o i l  h o r izo n s  and u n d e r ly in g  s t r a t a ,  s in c e  the  

lower h o r iz o n s  o f t e n  de te rm ine  th e  rep le n ish m en t  of w ater  a t  c r i t i c a l  

p e r i o d s .  P ea rso n  and Marsh (1935) have p o in te d  out t h a t  l a y e r s  o f  f i n e -  

t e x t u r e d  m a te r i a l  ly in g  s e v e ra l  f e e t  below the  s o i l  surfa,ce may be h ig h ly  

im portan t in  t r e e  grow th . The w a te r -h o ld in g  v a lu es  o b ta in e d  in  t h i s  

i n v e s t i g a t i o n  show a d e f i n i t e  r e l a t i o n s h i p  to s o i l  t e x tu r e  and to the  

d ep th  of th e  u n d e r ly in g  w a te r  t a b l e .  An a n a ly s i s  of v a r ia n c e  o f  the  

w a te r -h o ld in g  c a p a c i ty  by h o r izo n s  shows a d e f i n i t e  s ig n i f i c a n c e  in  the  

h o r iz o n  o f  s i r - d r y  and n a tu r a l  c o re s ,  when Area X and Area Y a re  

compared. No s t a t i s t i c a l  s i g n i f i c a n c e  i s  found between S ta t io n s  I  and I I  

o r  be tw een S t a t i o n s  I I I  and IV f o r  the  A^ h o r iz o n ,  b u t  a marked d i f f e r e n c e  

i s  found  between combined Area X and Area Y. This a n a ly s is  s u b s t a n t i a t e s  

the  f i n d i n g s  of th e  t e x t u r a l  c l a s s i f i c a t i o n  (m echanical a n a l y s i s ) .  The 

s t a t i s t i c a l  a n a ly s i s  i s  p re s e n te d  in  Table 15*

7. M ois tu re  E q u iv a le n t

Experimental Method:

M oistu re  e q u iv a le n t  d e te rm in a t io n s  were made on twenty f i e l d  

samples r e p r e s e n t in g  f i v e  h o r iz o n s  f o r  Area X and f i v e  h o rizo n s  f o r  Area Y. 

The method o f  B rig g s  and Shantz (1912) was u t i l i z e d  in  a l l  d e te r m in a t io n s ,



TABLE 1 5 .

ANALYSIS OF VARIANCE OF THE MAXIMUM WATER-HOLDING CAPACITY FOR AIR DRY 
AND NATURAL SOIL CORES IN AREA X v s .  AREA Y

H orizon

A i r - d r i e d  and s ie v e d  samples 
B a s i s :  32 samples

Source Degrees o f Freedom Sum of Squares Mean Square F

A1 T o ta l 15 9 6 . b
X vs Y 1 b .z *+.2
E r ro r 1*4- 9 2 . 2 6 .5 8 .6*4

“̂ 2 T o ta l 15 13^5 . 0
X vs Y 1 85U.0 85*+.0
E rro r 1*4 1+9 1 .0 35.07 2U.14**

B a s i s :  *+ samples
b 2 T o ta l 3 9 0 .1 6

X vs Y 1 6 0 . %b 6 0 .S*+
E r ro r 2 2 9 .32 1*4.66 *+.15

T o ta l 3 32.^7j X vs Y 1 10 .56 10 .56
E r ro r 2 21 .91 10 .95 .96

°1 T o ta l 3 1 .25
X vs Y 1 .25 .25
E rro r 2 1 .00 .50 .005

N a tu ra l  Core Samples
B a s i s :  l 6 samples

Ai T o ta l 15 233.51
X vs Y 1 .02 .02
E rro r i*+ 233-^9 16 .6 6 .001

Ao T o ta l 15 *+71*37c.
X vs Y 1 130.37 130 .37
E r ro r ib 3^1 .00 2*+.35 5 .35*

Combined S ta t io n s  I - I I

A p T o ta l 15 g*+0 . ISC-
S u b s ta t io n s 6 283-55 *47.26
L o c a t io n 1 25.00 25 .00
E rro r s 531.^3 66,*45 .3s

Combined S ta t io n s  I I I - I V

T o ta l 15 1112 . 5*+CL
S u b s ta t io n s 6 *177.08 79.51
Locat ion 1 156 . 2*+ I 5 6 . 2U
E rro r g *+79.22 59.90 2 . b l

** S i g n i f i c a n t  a t  1$ and 5^  
* S i g n i f i c a n t  a t  f̂0
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with, a p p r o p r i a t e  m o d i f i c a t io n  where needed. T h i r ty  grams of a i r —dry s o i l ,  

p r e v io u s ly  p a s s e d  th ro u g h  a  two mm. s ie v e ,  was pla.ced in  th e  "bottom of 

s c re e n e d  m o is tu re  e q u iv a le n t  boxes . These "boxes were then  p la c e d  in a 

one cm. l a y e r  o f  w a te r  and a llow ed  to  s a t u r a t e  f o r  tw e n ty -fo u r  hou rs .

A f te r  d r a in in g  f o r  t h i r t y  m inutes th e  boxes were p la c e d  in a  c e n t r i f u g e  

f o r  t h i r t y  m inu tes  a t  a  speed of 2UhO r e v o lu t io n s  p e r  m inu te , e q u iv a le n t  

to  1000 tim es  th e  f o r c e  of g r a v i t y .  The boxes were then  weighed and 

samples o v e n -d r ie d ;  th e  m o is tu re  e q u iv a le n t  was then  c a l c u l a t e d  from the  

above r e s u l t s .  A summation of th e  v a lu e s  o b ta in e d  by h o r izo n  i s  g iv e n  

in  Table  l 6 .

D iscu ss io n  of R e su l ts  

The m o is tu re  e q u iv a le n t  i s  one of th e  most f r e q u e n t ly  used  c o n s ta n ts  

f o r  e x p re s s in g  th e  m o is tu re  r e l a t i o n s  o f  s o i l s .  In  c e n t r i f u g in g  the  

sam ples , th e  f o r c e  i s  c o n s id e red  to remove the  w ater h e ld  in  the  l a r g e r  

pores*  In  t h i s  i n v e s t i g a t i o n  the  m o is tu re  e q u iv a le n t  i s  u t i l i z e d  to 

ex p re ss  s o i l  t e x t u r e .  According to  Yeihmeyer and H endrickson (1931) i t  

g iv e s  a  f a i r l y  r e l i a b l e  measure o f  th e  f i e l d  c a p a c i ty  of f i n e - t e x t u r e d  

s o i l .  The v a lu es  would no doubt be h ig h e r  in  t h i s  s tu d y  when us in g  the  

m o is tu re  e q u iv a le n t  as a measure of th e  f i e l d  c a p a c i ty ,  s in c e  th e  s o i l s  

s tu d ie d  a re  o f  a  c o a rse  t e x t u r e .  The v a lues  of Table 16 show a f a i r l y  

c lo s e  c o r r e l a t i o n  w ith  th e  v a lu es  o b ta in e d  f o r  the  m echanical a n a l y s i s .  

G re a te s t  d i f f e r e n c e s  occur in  th e  and h o r iz o n s ,  and the  h ig h e s t  

v a lu e s  o ccu r  in  Area Y a t  S ta t io n  I I I ,  where th e  s o i l  tyoe approaches a 

loam to  c l a y  loam. From th e se  r e s u l t s  i t  is  expec ted  t h a t  the  s o i l s  of 

Area Y would re a ch  f i e l d  c a p a c i ty  sooner than the  s o i l s  of Area X.

Moisture eq u iva len t va lues  increase  v i t h  increase  in c o l lo id a l  content
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TABLE 16.

MOISTURE EQUIVALENT VALUES FOR FIVE SOIL HORIZONS AREA X AND AREA I

H orizon

P e rc e n t  
Area X ( S ta t io n s

¥ t .  oven -d ry  (gms.) Wt. w ater l o s t

I - I I )

(gms.) M oistu re  E q u iva len t

IAi 29.55 1.99 6.73
A2 29 .66 1.39 4.70
Bg 30.03 1.70 5 .66

B3
ci

29.41 .23 .78
37-27 .09 .25

I I A j . 30.85 2 .14 6.93
A2 29.37 1 .44 4 .9 0
b 2 29 .60 1 .7 4 5 .S6

3 1 .04 .70 2 .25

°x 27-89 .03 .23

IIIA-l 29.26
Area Y ( S ta t io n s

2.23
I I I - IY )

7.79
A2 30.57 3.49 n.4o
b 2 3 0 .6 1 3 .23 10.73
B3
Cl

3 0 .3 2 .23 .74
23.71 .15 .54

IVA-i 29 .04 2.03 6.99
a 2 20.03 1 .34 6 .67CL
B2 23.21 1 . 8 6 6 . 6s
B7 29.31 •39 1 .31
Cl 23.56 .03 .23

as “borne ou t by compering the  c la y  c o n ten t  of the  above th re e  s o i l  ty p e s .  

An a n a ly s i s  o f  v a r ia n c e  (T able  17) shows no s i g n i f i c a n t  s t a t i s t i c a l  

d i f f e r e n c e  between th e  m o is tu re  e q u iv a le n ts  of Area X and Area Y,

g . S o i l  M oistu re  E v a p o ra t ion (Ground Cover Absent)

E x perim en ta l  Method:

S o i l  co res  in  s i t u  were taken  a t  f iv e  d i s t i n c t  s o i l  h o rizons  

r e p r e s e n t in g  tw enty  in d iv id u a l  co res  from Area X and Area Y. The samples 

were s a t u r a t e d  in  a  two cm. l a y e r  of w a ter  f o r  tw e n ty -fo u r  hours and then
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TABLE 1 7 .

ANALYSIS OF VARIANCE 01 MOISTURE EQUIVALENT FOR AREA X v s .  AREA Y

P e rc e n t M oisture
B a s is !  20 samples

H orizon Source Degrees of Freedom Sum o f  Squares Mean Square F

A1 T o ta l 3 .65
X vs Y 1 .31 •31
E r ro r 2 *3^ .17 1 .00

Ag Toted 3 29.14
X vs  Y 1 17.93 17.93
E r ro r 2 11 .21 5 .60 3 .21

b 2 Tot ad 3 1 6 . s s
X vs Y 1 s .67 g .67
E r ro r 2 S .21 4 .10 2.11

T o ta l 3 1.4gD X vs Y 1 .24 .24
E r ro r 2 1.24 . 62 .30

Cl T o ta l 3 .0509
X vs Y 1 .016 .016
E rro r 2 .O3U9 .0174 .91

weighed. Us ing th e  s a t u r a t e d  weight as a  b a s i s ,  the cores  were then

a i r - d r i e d  f o r  a t o t a l  p e r io d  of e lev en  days. Room tem pera tu re  and 

r e l a t i v e  hum id ity  were taken  in o rd e r  to in su re  a  constancy  f o r  each 

d e te r m in a t io n .  Measurements in  th e  lo s s  of w eight due to  e v a p o ra t io n  

were taken  a t  two-day i n t e r v a l s  in  o rd e r  to  de term ine  th e  lo s s  in  amount 

and r e l a t i v e  r a t e  of w ater  lo s s  from u n d is tu rb e d  cores  w ith o u t  ground 

co v e r .  These v a lu e s  were than  p l o t t e d  f o r  th e  combined A and B h o rizons  

f o r  each sam pling  area, u s in g  average  v la u e s .  Recordings of th e  lo s s  in  

s o i l  w a te r  were made u n t i l  th e  lo s s  in  weight reached  a c o n s ta n t  amount. 

The o b j e c t iv e  o f  t h i s  euroeriment was to de term ine  the  ev ap o ra t io n  lo s s  on 

u n d is tu rb e d  c o re s  w ith o u t  ground cover o r  t r a n s p i r a t i o n a l  l o s s e s .  These 

v a lu e s  a re  g iv en  in  T able  IS .
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TABLE l g .

ACCUMULATIVE AMOUNT AND RATE OF SOIL MOISTURE EVAPORATION FROM SOIL CORES
WITHOUT GROUND COVER IN AREA X AND AREA Y

IA]
h
B £ 
B,

11 A]
A r
Bt

IIIA i
a 2
b 2

IVAx
A2
b 2
Bt

Water lo s s  -  grams a i r - d r y  
Area X ( S ta t i o n s  I - I I )  

Time in  hours
72 120 168 216 261+ Total

f t .  Saturated Loss Loss Loss Loss Loss Accumulative
Core

9 8 2 .2 57 .6 28 .6 16.9 1 3 .8 7.0 123.9
IOU3 . 2 6 5 .7 2 3 .O 19.5 1 0 .6 M 123.7
1092 .6 5I+.1+ 3 0 . 2 16 .5 9 .8 4 .5 115.1+
1079 .^ ^3 .3 19.7 1 3 . 2 1 1 .0 6 . 7 93.9

1 06 0 .0 3 8 .8 23 ‘9 20 .8 1 3 .6 9.U 106 .5
IO58 .5 1+2.7 29 .0 1 7 .8 10 .5 5 .0 105 .0
1067.3 1+2 .9 21+.1+ 16 .0 12 .5 7 .0 1 02 .8
IO5I .3 61+. 6 2 2 .2 1 1 .2 9 .7 3 .5 111 .2

Total I - I I  882.1+

Area Y (S ta t io n s  I I I -■IV)

IO3 5 . 8 ^7-9 25.9 20 .0 1 7 .0 8 .0 118.8
1027.3 53 .3 22 .5 13.3 9 .7 8 .0 106 .8
1067.5 1+6 .1 25 .6 16 .3 19.5 12 .0 119.5
1055.7 ^9 .7 22 .5 10 .5 7 .0 3 .9 93-6

1023.7 55 a 2 7 .8 16 .5 13 .0 6 .0 118 .7
98U.8 66 .8 21+.S 21 .2 1 3 .0 7.5 133.3

101+1+.0 1+U.0 22.5 2 3 .U 15 .1 5 . 6 110 .6
1020 .8 87-7 1 6 .1 8 .3 5 . 2 5.0 122 .3

T o ta l  I I I - I V  923.6

D iscu ss io n  o f R esu l ts  

The r e s u l t s  on th e  r e l a t i v e  amount of ev ap o ra t io n  show th a t  Area Y 

has a  h ig h e r  e v a p o ra t io n  lo s s  f o r  the  e n t i r e  p r o f i l e  th an  Area X. The 

accum ula ted  amount of w ater l o s t  in  grams f o r  an e leven -day  p e r io d  f o r  

Area Y is  9 2 3 . 6  grams as compared to  a  lo s s  o f  882.1+ grams in  Area X. 

This t o t a l  p r o f i l e  e v a p o ra t io n  lo s s  r e p r e s e n t s  a  t o t a l  accum ulated lo s s



P i g .  1 3 .

THE AMOUNT AND RATS OP SOIL MOISTUPE EVAPORATION 
L 0 3 3  USING NATURAL SOIL GORES WITHOUT GROUND 
COVER IN AREA OP GOOD HEIGHT GROWTH AND POOR 

HEIGHT GROWTH

H o r i z o n s  A-. -  A,60
A re a  X

- -  A re a  Y

40
W a te r  

L o s s  
I n  c c .

20

10

 i___________________ i___________________ i___________________ i___________________ i—
72 120 168 216  264

Time -  H o u rs

H o r iz o n s  B0 -B
60

A re a  X
50 — A re a  Y

40
W a t e r  

L o s s  
I n  c c  • 30

20

10

216168120
Tim e -  H ours
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d i f f e r e n t i a l  o f  1+1.2 grams between Area. X and A rea Y. Expressed  as a  

p e rc e n ta g e  l o s s  from s a t u r a t i o n ,  th e  t o t a l  l o s s  would be 11.18 p e rc e n t  

f o r  A rea  Y and 10.1+6 p e rc e n t  f o r  Area X. I f  th e  e v ap o ra t iv e  s u r f a c e  is  

c o n s id e re d  a s  b e in g  on ly  th e  A^ and A^ h o r iz o n s ,  then  th e  accum ula tive  

l o s s  d i f f e r e n c e  betw een th e  two a re a s  would be 7*1 grams f o r  th e  A^ 

and 1 1 . 1+ grams f o r  th e  A^ h o r iz o n .

A s i m i l a r  s i t u a t i o n  e x i s t s  w ith  r e f e re n c e  to  th e  r a t e  a t  which 

e v a p o r a t io n  ta k e s  p l a c e .  For Area X, th e  l o s s  in  w a te r  f o r  the  f i r s t  

f o r t y - e i g h t  hours  of ev ap o ra t in g  time in  the  combined A^j^tp h o r iz o n s  is  

a t  th e  r a t e  o f  .52  grams p e r  h o u r ,  whereas the  r a t e  f o r  Area Y is  .61+ 

grams p e r  h o u r .  A f t e r  the  i n i t i a l  l o s s  f o r  a  p e r io d  of n i n e t y - s i x  h o u rs ,

the  r a t e  and amount o f  w a ter  lo s s  ten d s  to l e v e l  o f f  in  b o th  a re a s  a t

abou t th e  same m agnitude . A pproxim ately  the  same r a t e  of l o s s  d i f f e r ­

ences in  th e  combined h o r iz o n s  i s  ev id en t  f o r  b o th  Area X and

Area Y. The a c t u a l  amount o f  w a te r  lo s s  i s  g r e a t e r  in  the  A h o r izo n  

than  in  th e  B h o r iz o n  f o r  b o th  a r e a s .  Curves showing the  r a t e  and amount 

o f  w a te r  l o s s  b r in g  out th e se  r e l a t i o n s h i p s  more c l e a r l y  ( F ig s .  13 and ll+) •

S. S o i l  Moisture Evaporation (Simulated G-round Cover)

Experimental Method:

In order to obtain  data concerning the s o i l  water evaporation  

l o s s  w ith  a sim ulated ground cover, the same core samples were used as 

those fo r  evaporation lo s s  without ground cover* A fter  sa tu ratin g  the 

co re s ,  a sawdust mulch sim ulating actu a l ground cover was then applied  

to each co re .  The amount o f  sawdust and depth applied  to samples from 

Area X was tw ice the amount added to samples of Area Y. This sawdust
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r a t i o  o f  2:1  i s  ap p ro x im a te ly  the  a c tu a l  r a t i o  of l i t t e r  (w eight "basis) 

t h a t  i s  found, in  the  f o r e s t  p la n ta t io n *  The o b je c t  of th e  simulated, 

ground, cover measurements was to  d e te rm ine  what e f f e c t  the  f o r e s t  l i t t e r  

would have upon th e  amount and r a t e  o f  e v a p o ra t io n  from u n d is tu rb e d  

h o r iz o n s ,  e x c lu s iv e  of t r a n s p i r a t i o n a l  l o s s e s .  The lo s s  in  w eight was 

re c o rd e d  f o r  a  t o t a l  p e r io d  of e le v e n  days. These r e s u l t s  a re  g iven  

in  T ab le  19*

D iscu ss io n  of R e s u l ts

As b e f o r e ,  in  the  experim ent w ithou t ground c o v e r ,  th e  amount of 

w a te r  l o s s  due to  e v a p o ra t io n  was g r e a t e s t  in  Area Y. The accum ulated 

amount o f  w a te r  lo s s  f o r  th e  combined p r o f i l e  f o r  a  p e r io d  of e leven  

days was 1191*1 grams f o r  Area Y as compared to a lo s s  of 1099*1 grams 

f o r  Area. X. This  e v a p o ra t io n  lo s s  f o r  th e  e n t i r e  p r o f i l e  r e p r e s e n ts  a 

t o t a l  a.ccumulated l o s s  d i f f e r e n t i a l  between the  two a reas  o f  91*3 grams. 

The t o t a l  lo s s  from th e  s a t u r a t i o n  p o in t  i s  13*^0 p e rc e n t  f o r  Area Y and 

12 .07  p e rc e n t  f o r  A rea  X, when th e  e n t i r e  p r o f i l e  i s  c o n s id e re d .

I f  th e  e v a p o ra t iv e  s u r fa c e  is  co n s id e red  as be ing  on ly  th e  A-̂  and A2 

h o r iz o n s ,  th e  accum ula tive  lo s s  d i f f e r e n c e  between the  two a re a s  would 

be 6 5 . 2  grams f o r  th e  A-̂  h o r izo n  and 2h.Q grams f o r  th e  A,-, h o r iz o n .  A 

s i m i l a r  s i tu a . t io n  e x i s t s  w ith  r e f e r e n c e  to the  r a t e  a t  which ev ap o ra t io n  

tak es  p la c e .  For A rea X, th e  l o s s  in  w ater  f o r  the  f i r s t  f o r t y - e i g h t  

hours  f o r  th e  combined A^-Ag h o r iz o n  is  a t  the  r a t e  of 1 .26  grams pe r  

hour, whereas th e  r a t e  f o r  Area Y is  I .76  grams p e r  hour. A f te r  the  

i n i t i a l  l o s s  in  w a te r  th e  amount and r a t e  tend to  l e v e l  o f f  a t  app rox i­

m ate ly  th e  same m agnitude. The amount o f  w ater lo s s  i s  g r e a t e r  in  th e  

B h o r iz o n  th an  in  th e  A h o rizo n  f o r  Area X; however, th e  w ater lo s s  i s
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TABLE 1 9 .

ACCUMULATIVE AMOUNT AND RATE OF SOIL MOISTURE EVAPORATION FROM SOIL CORES
WITH SIMULATED GROUND COVER IN AREA X AND AREA Y

Water lo s s  -  grams a i r - d r y  

Area X ( S ta t io n s  I - I I )

H orizon Wt. S a tu r a te d
72

Loss
120

Loss

Time in  hours
l5 s

Loss
216

Loss
■ 264 T o ta l
Loss A ccum ulative Loss

IAi

Core

IO63.O 94.1 28.9 12.0 10.3 7 .2 152.5
a 2 1123.0 S3.0 21.0 13.5 7 .2 4 .o 12S. 7
b 2 1 1 7 1 .0 82.0 24.4 12.3 8 .3 5.0 132.0
b 3 l l 6 s . 5 94.9 21.9 11.2 6.9 4 .1 139*0

IIA n llHi.o 74.0 19.9 12 .s 6.8 3.2 116.7
a2 1150.0 85-5 2 1 .0 13.1 1 0 .3 7.1 137.0
b 2 II63.O 97*4 2 2 . k 1 2 .2 9.0 7.3 l 4g «3

b 3 1126.0 116.1 s . 6 10.7 6.5 3*7 1 ^ 5 .6

T o ta l I - I I 1099.8

Area Y ( S ta t io n s  I I I - IV )

11 LA, 1111 .5 109 .0 10 .3 1 2 .1 10 .3 7-5 149.2
Ao 1100 .0 86 .3 i s . 3 1 3 . S 10 .9 7 .7 137.0(2.
B? 113s . 5 69 .3 s . 9 1 7 . S 15 .0 7-5 11S.5ci
b 3

1 123 .6 106.3 l 4 . i 1 3 .2 5.7 3 .6 142.9

IVAn 1131 .5 135.3 19.5 12 .1 10 .1 S . 2 IS 5 . 2
a 2 105s . 4 95 .9 26 .7 l 4 . l 9*g 6 . 2 152.7
Bp 1 1 2 3 . s S9.9 24.9 1S.1 10.4 S .3 1 51 .6
B-̂ 1079 .0 112.3 13.7 10 .0 o.S 5*7 154.0

T o ta l  I I I - I V 1191.1

g r e a t e r  in  th e  A h o r iz o n  than  in  th e  B h o r iz o n  f o r  Area Y. T h is  tends 

to  s u b s t a n t i a t e  th e  f a c t  t h a t  th e  l i t t e r  i s  e f f e c t i v e  in  ho ld in g  the  

w a te r  a t  a  low er h o r iz o n  in  Area X. In  Area Y where th e  l i t t e r  i s  

s p a r s e ,  th e  s o i l  w a te r  tends  to  ev ap o ra te  from th e  s u r f a c e  h o r izo n  more 

r e a d i l y .  However, u nder  a c tu a l  f i e l d  c o n d i t io n s ,  th e  a i r  tu rb u le n c e  or
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THE AMOUNT AND RATS OF 30IL  MOISTURE EVAPORATION 
LOSS USING- NATURAL SOIL CORES WITH SIMULATED 
-GROUND COVER IN AREA OF GOOD HEIGHT GROWTH AND 

POOR HEIGHT GROWTH

H o r i z o n s  A^-Ag

A rea
100 "" A re a
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W a t e r  
L o s s  6o 
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100
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I n  c c  .
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H o r iz o n s  Bg-B^

A re a
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wind v e l o c i t y  would "be an im p o rtan t f a c t o r  to  c o n s id e r  in  c o n ju n c t io n  

w ith  th e  l i t t e r  e f f e c t .  A ir  tu rb u le n c e  would be e s p e c i a l l y  im portan t 

in  a f f e c t i n g  th e  r a t e  o f  s o i l  e v a p o ra t io n .

The r e s u l t s  on e v a p o ra t io n  lo s s  w ith  and w ithou t ground cover do 

n o t  show any s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e s  in  e i t h e r  the  r a t e  or 

amount of ws,ter l o s s .  "Under b o th  s e t  of c o n d i t io n s ,  however, Area Y 

l o s t  more w ater  and a t  a f a s t e r  i n i t i a l  r a t e  th an  Area X. Thus, the  

same r e l a t i o n s h i p  e x i s t s  in  b o th  case s  w ith  o r  w ithou t ground co v er .

S ince  th e  co res  were a i r - d r i e d  a t  the  same tem pera tu re  and r e l a t i v e  

h um id ity  in  b o th  c a se s  and f r e e  of any t r a n s p i r e ! i o n a l  l o s s e s ,  i t  i s  

ap p a ren t  t h a t  s o i l  t e x t u r e  and i t s  a t t e n d a n t  pore  space must be c o n t r ib ­

u t in g  to th e  d i f f e r e n c e  in  w ater lo s s  of the  two a r e a s .  I t  i s  re a so n a b le  

to assume th a t  under h ig h e r  tem p era tu res  of c r i t i c a l  p e r io d s  in the  

growing sea so n , th e s e  d i f f e r e n c e s  would be m agnified  many t im e s .  This 

assum ption  i s  d e f i n i t e l y  borne ou t by th e  r e s u l t s  taken  in  th e  e x p e r i ­

m enta l a r e a  as o b ta in e d  w ith  the  atmometer bu lb  th roughout two growing 

s e a s o n s .  These d a ta  a re  p re s e n te d  under th e  c l im a t i c  phase of the  

i n v e s t i g a t i o n .

An a n a ly s i s  of v a r ia n c e  f o r  s o i l  m o is tu re  e v ap o ra t io n  is  g iv en  by 

s o i l  h o r iz o n  in  T ab le  20.
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TABLE 20 .

ANALYSIS OF VARIANCE FOR ACCUMULATIVE AMOUNT OF SOIL MOISTURE EVAPORATION
LOSS FROM SOIL CORES WITH AND WITHOUT GROUND COVER AREA X v s . AREA Y

B a s i s :  20 samples 
Water l o s s  in  cub ic  c e n t im e te rs

Ground Cover Absent

H orizon Source D egrees o f  Freedom Sum of Squares Kean Square F

^1 T o ta l 3 163.99
X vs Y 1 12.60 12.60
E rro r 2 151.39 75.69 .166

A T o ta l 3 558.46
C X vs Y 1 32.49 32.49

E rro r 2 525.97 262.9S .123

®2 T o ta l 3 15^.39
X vs Y 1 35 .4o 35.40
E rro r 2 11S .99 59.49 .595

B3 T o ta l 3 590.65
J X vs Y 1 29.16 29.16

E r ro r 2 561.49 2S0 .74 .103

S im ula ted  Ground Cover

At T o ta l 3 2351.5s
JL

X vs Y 1 1062.76 1062.76
E rro r 2 12SS.S2 644 .4i  1.649

h . T o ta l 3 301.69
X vs Y 1 144.00 144.00
E rro r 2 157.69 7 8 .S4 1 .826

B p T o ta l 3 706.66c.
X vs Y 1 26.01 26.01
E rro r 2 680.65 340.32 .076

B, T o ta l 3 121,21
3 X vs Y l 37.82 37 . S2

E r ro r 2 S3-39 41.69 .907
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TABLE 21.

A STATISTICAL SUMMARY OF "F” VALUES FOR EDAPHIC-PHYSICAL 
CHARACTERISTICS IN AREA X v s .  AREA Y

LABORATORY EXPERIMENTS

S o i l  Horizon

A1

Average Depth 0 - 9 ” 9- 14"

B2

14-23"
B3

23- 33”

° l

33”

V a r ia b le  I n v e s t i g a t e d :

1 . M echanical A n a ly s is
a . F in e  c la y  11.1** l4 .6** .13 .07 .00
b . Sands 1 .6 0 1 .9 2 9.S9 .67 16 .00
c .  S i l t  p in s  c la y .97 1.31 10.63 .67 16 .00

2 . S p e c i f i c  G ra v i ty 1.1 .36 - - -

3* Volume Weight .00 3 .84 - - -

4 . P ore  Volume
a .  C a p i l l a r y 3 .05 2.19 .

b . N o n -c a p i l la r y .o4 .17 - — -
c . T o ta l  p o r o s i t y .90 2 .76 — — —

5- H ygroscopic  C o e f f ic ie n t 1 .67 15.73 .012 .005 1 .17

6 . Wat e r -h o Id  ing Capac i t y  
a .  Maximum a i r - d r y .64 24.4** 4 .15 .96 . 00 [
b .  Maximum n a t u r a l .001 5.35* 1 .3 6 .027 —

7* M oistu re  E q u iv a len t 1 .80 3 .2 1 2.11 .30 .91

g. So i l  Evaporat ion
a* W ithout ground 

cover . 166 .123 .595 .103
b .  S im u la ted  ground 

cover 1.649 1.826 .076 .907 —

** S i g n i f i c a n t  a t  1 fa and 5$
* S i g n i f i c a n t  a t  5$
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Summary and Im p lica tion  of R esu lts  

Edaphic-Pbys i c a l  C h a ra c ter is t ic s

Having e s ta b l is h e d  the fa c t  from observation  and measurement that a 

marked d i f f e r e n t i a l  ra te  o f  he ight growth e x i s t s  in the experimented 

p la n ta t io n  under in v e s t ig a t io n ,  a rather complete laboratory a n a ly s is  of 

the p h y s ic a l  s o i l  p r o p e r t ie s  was undertaken. The o b jec t iv e  o f  both the  

p h y s ic a l  and chemical edaphic s tu d ie s  was to determine what e f f e c t  the 

s o i l  f a c to r s  might have upon the h e ight growth of tu l ip  poplar, e ith e r  

d ir e c t ly  or in combination with other f a c t o r s .  These s o i l  p rop erties  

were in v e s t ig a te d  sep a ra te ly  and then combined to show th e ir  r e la t iv e  

a p p l ic a t io n  to each other and to r e la ted  p r o p e r t ie s .  For reasons which 

are obvious, in an e c o lo g ic a l  study, no one fa c to r  per se can be iso la te d  

without referen ce  to i t s  a s so c ia te d  environment. I t  i s  the purpose o f  

the p resen t summary to analyze the im p lica tions  of the study thus fa r ,  

and to  p o in t  out those fa c to r s  which may be s ig n i f i c a n t ly  con tr ib u tin g  

to the e n t ir e  study.

Three d i s t i n c t  but r e la ted  s o i l  types of the same s o i l  catena  were 

mapped and p lo t te d  by p r o f i l e .  The ttarsaw sandy loam and Bronson sandy 

loam rep resen t the area o f poor he ight growth; the Fox sandy loam is  

r e p re sen ta t iv e  o f  the s o i l s  where the height growth i s  b e t t e r .  From the 

standpoint o f  t e x tu r e ,  the s o i l s  in  the area of poor height growth contain  

a s i g n i f i c a n t l y  grea ter  amount of f in e  c la y  in the ^  and k 2 horizons than 

in the area o f good he ight growth. I f  i t  is  assumed that the f in e  c lay  

content has an important bearing upon height growth or s i t e  q u a l i ty ,  then  

from the te x tu ra l  v iew point, the s o i l s  in the area of good height growth
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shou ld  r e v e a l  th e  h ig h e r  f i n e  c la y  c o n te n t .  The r e s u l t s  o b ta in e d  in

t h i s  s tu d y  b e a r  ou t th e  o p p o s i te  s i t u a t i o n .  Thus, s o i l  t e x t u r e  a lone

must not be a l im i t in g  fa c to r  causing the d if fe r e n c e  in  he ight growth.

S o i l  tex tu re  may be masked by the con tr ib u tion  o f some other fa c to r  or

s e t  o f  f a c t o r s ,  such as the s o i l —moisture or chemical, r e la t ion sh ip *

Since i t  i s  g e n e r a l ly  recognized that loam s o i l s  are more favorable  fo r

f o r e s t  growth than e i th e r  coarse sands or f in e  c la y s ,  one might in fe r

th a t Area Y (poor h e igh t growth) would produce the b est  height growth.

Again, t h i s  s i t u a t io n  i s  reversed  as borne out by the mechanical a n a ly s is

o f the th ree  s o i l  ty p es ,  s in ce  the s o i l  most c lo s e ly  approaching a loam

is  found in Area Y.

The s p e c i f i c  g r a v ity  o f  the s o i l s  in both areas did not d i f f e r

s i g n i f i c a n t l y ,  e i th e r  in actual value or s t a t i s t i c a l l y .

A comparison o f  volume weights shoved very l i t t l e  d if fe re n c e  in the

two areas in v e s t ig a te d .  The volume weight va lues  do revea l the f a c t  that

in a l l  the s o i l s  s tu d ied ,  the values were f a i r l y  high, thus po in tin g  out

th at th ese  s o i l s  are not “mature” fo r e s t  s o i l s .  Low organic matter

content and high sand content of a l l  s o i l s  in v es t ig a te d  i s  ind icated  by

the volume weight v a lu e s .

Greater n o n -c a p i l la r y ,  c a p i l la r y ,  and t o t a l  pore volume is  ind icated

in the area of poor height growth. This is  p a r t ic u la r ly  true fo r  the root

zone area , the A and A0 horizons. The d if fe re n c e  in p o r o s ity  between the 
1 ^

two s i t e s  i s  not extreme, however*

R esu lts  obtained from the hygroscopic c o e f f i c i e n t  determ ination corrob­

orate  the r e s u l t s  found in the mechanical a n a ly s is .  In g en era l,  higher  

va lues  were found in a l l  horizons fo r  the area of poor height growth,
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TABLE 2 2 .
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■where the h igher  content o f  c o l lo id s  is  p r esen t .  The d if fe re n c e  is  not 

s t a t i s t i c a l l y  s i g n i f i c a n t .

The water—hold ing capacity  o f  s o i l s  in  the area of poor he ight growth 

r ev e a ls  a h ig h ly  s ig n i f i c a n t  d if fe re n c e  in the A  ̂ horizon when compared 

with Area X. This r e s u l t  i s  in  accord w ith the higher f in e  c lay  content  

of Area Y. The va lu es  obtained fo r  th is  s o i l  property are ind icated  as 

s ig n i f i c a n t  in  both a ir —dried  and s iev ed  samples, as w ell as w ith natural  

s o i l  co re s .

A measure of the m oisture equiva lent in both areas d is c lo s e s  no 

s t a t i s t i c a l l y  s ig n i f i c a n t  d if fe r e n c e  between the two s i t e s .  However, use 

of the m oisture equ iva len t as a measure of tex tu re ,  brings out the fa c t  

th at th e  va lues  increased  with an increase  in c o l lo id a l  content. Again, 

the area of poor h e ight growth showed the higher moisture equivalent  

v a lu e s .

The r e s u l t s  on the measurement of s o i l  water evaporation lo s s  from 

natura l s o i l  cores r ev ea ls  both a grea ter  amount and i n i t i a l  ra te  of  

evaporation lo s s  from the area o f  poor height growth. Although the actual  

va lu es  show no s t a t i s t i c a l  d if fe r e n c e  on compared s i t e s ,  th is  fa c to r  may 

be extremely important a t  c r i t i c a l  periods of the growing season. The 

evaporation experiments are l im ite d  in th e ir  s p a t ia l  a p p lic a t io n  but are 

important as an in d ic a t io n  of the so il-m o is tu re  r e la t io n s h ip s .  I t  is  

s u f f i c i e n t  to p o in t out a t  th is  stage  of the in v e s t ig a t io n ,  that greater  

i n i t i a l  l o s s e s  and ra te  of evaporation occur in Area Y, both with end 

without s im ulated ground cover.

The s t a t i s t i c a l  summary of a l l  p h y s ica l  s o i l  fa c to r s  under in v e s t i ­

ga tio n  r ev e a ls  only  two p ro p er tie s  of s t a t i s t i c a l  s ig n i f i c a n c e .  These two
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f a c t o r s ,  the amount o f  f in e  c lay  and the water-hold ing ca p a c ity ,  a,re the 

only  v a r ia b le s  which d i f f e r  s i g n i f i c a n t l y  between Area X and Area Y. I t  

i s  important to n ote  that th ese  two s o i l  p ro p er tie s  are d e f i n i t e l y  re la ted  

to each o th er ,  insofa,r as the so i l -m o is tu r e  r e la t io n s h ip  i s  concerned.

The manner in  which the more outstanding p h y sica l  s o i l  v a r ia b le s  

r e la t e  to the c l im a t i c ,  chem ical, and m icro b io lo g ica l phases o f the  

p resen t in v e s t ig a t io n  w i l l  be d iscu ssed  and analyzed in the f i n a l  summary 

of a l l  f a c t o r s .
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D epth o f  Root P e n e t r a t i o n  in  R e la t io n  to  th e  Ph y s ic a l-E d a p h ic  Charac t  e r  i  s t ic s

In  o rd e r  to  d e te rm in e  w hether any s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  

between th e  a re a s  o f  good and poor h e ig h t  growth t? ith  r e s p e c t  to e x te n t  

o f  l a t e r a l  r o o t  p e n e t r a t i o n ,  p r o f i l e s  exposing th e  r o o t  system were made 

in  each  a r e a  ( F ig s .  15 and 1 6 ) .  These p r o f i l e s  were dug a t  random 

lo c a t i o n s  in  each a r e a  and th e  r o o t  p e n e t r a t i o n  dep ths  were reco rded  

th ro u g h o u t th e  growing season  in  o rd e r  to  a r r i v e  a t  a s u b s t a n t i a l  average  

r o o t  d e p th  p e n e t r a t i o n .  A re c o rd  of th e  p r o f i l e s  exposed and t h e i r  c o r re ­

sponding  dep ths  i s  as fo l lo w s ;

S ta t i o n  ¥ 0 .P r o f i l e  Date Exposed Depth o f  Maximum L a te r a l  
Root P e n e t r a t io n  in  Inches

1 A p r i l  IS ,  1952 I 11 .0
2 ft I I 1 0 .0
3 ti I I I 15 .0
k it 17 19 .0
5 May 20, 1952 I 1 5 .0
6 ti I I 1 3 .0
7 ti I I I 10 .0
S ti IV 13.0
9 June 20, 1952 I 13 .0

10 ii I I 12 .0
11 11 I I I 11 .0
12 tt IV 16 .0

July 31, 1952 I 1 6 .0
i h 11 II 13 .0
15 11 I I I 12 .0
16 ti IV 15 .0
17 August 31 * 3-952 I 12 .0
i s 11 II 11.0
19 11 I I I lU.Q
20 11 IV 1S.0

Stat ion Average Depth Root Penetration  in

I 1 3 .^
II l i . s

I I I 1 2 . h
17 1 7 .2
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F ig .  15.

A s o i l  p r o f i l e  exposed in th e  a re a  o f  good h e ig h t  growth 
(Area X ). The e f f e c t i v e  dep th  of l a t e r a l  ro o t  p e n e t r a t i o n  in 
t h i s  a r e a  i s  app rox im ate ly  11 inches . The c o n c e n t ra t io n  of 
f l e s h y  l a t e r a l  r o o ts  o f  t u l i p  p o p la r  a re  found e x c lu s iv e ly  in 
th e  ’’A" s o i l  h o r iz o n .  Note th e  hardwood l e a f  l i t t e r  a t  the  
s o i l  s u r f a c e .
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In hardwood sp e c ie s  such as t u l ip  pop lar, the depth and form of root 

system appears to he co rre la ted  w ith  water content of the s o i l .  Tulip  

poplar i s  a sp e c ie s  w ith  long i n i t i a l  taproots and prominent l a t e r a l s .

Most ev id en ce  r e v e a l s  t h a t  t h i s  ty p e  r o o t  system i s  c h a r a c t e r i s t i c  o f  

s p e c ie s  re a c h in g  optimum development on s o i l s  which, hecau.se o f  t h e i r  

p h y s ic a l  p r o p e r t i e s  and p r o f i l e  c h a r a c t e r i s t i c s ,  have a f a i r l y  uniform  

a v a i l a b l e  w a te r  c o n te n t  th ro u g h o u t .  Such s o i l s  a re  n e c e s s a r i l y  deep, 

w e l l - d r a in e d  and o f  un iform  t e x t u r e  w i th  moderate  p e r m e a b i l i ty .  According 

to Tourney and K o rs t ia n  (1937) t u l i p  p o p la r  draws i t s  w ater  and n u t r i e n t  

s u p p l ie s  v e ry  l a r g e l y  from the  s u r f a c e  l a y e r s  o f  the  s o i l ,  a l th o u g h  t h i s  

s p e c ie s  has  a d eep ly  p e n e t r a t i n g  t a p r o o t .  This f a c t  i s  s u b s t a n t i a t e d  in  

the  p r e s e n t  i n v e s t i g a t i o n  as shown by exposed p r o f i l e  and ro o t  depth  

p e n e t r a t i o n  m easurements. Hoot p o s i t i o n  r e f l e c t s  to  a g r e a t  degree  the  

s o i l  m o is tu re  c o n d i t io n s ,  and a s tudy  of ro o t  h a b i t  g iv es  v a lu a b le  in­

fo rm a tio n  on th e  a d a p t a b i l i t y  of v a r io u s  sp ec ie s  f o r  a. p a r t i c u l a r  s i t e .

R esu lts  and [Discussion  

From the r e s u l t s  obtained on the exposure of l a t e r a l  roots  in twenty 

in d iv id u a l p r o f i l e s  o f  both Area. X and Area T, -no extreme d if fe re n c e s  were 

found in depth of root p en etra tion . The g r ea tes t  root penetration  of the 

four lo c a t io n s  exposed was n in eteen  inches. The average depths obtained  

for  each of four separate  s ta t io n s  shows the g r ea tes t  penetration  at 

S ta tio n  IV. As in d ica ted  by s o i l  type and poor height growth, th is  s o i l  

i s  the d r ie s t  of the four s ta t io n s  observed. I t  is  surmised that the 

deeper root development of th is  area is  in d ic a t iv e  of a d r ier  s i t e  than 

other lo c a t io n s  in the experimental t r a c t .  The water tab le  l e v e l  at the
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A s o i l  p r o f i l e  exposed in  
(Area Y ). The e f f e c t i v e  depth
t h i s  lo c a t io n  i s  approximateljr 
ro o ts  are found e x c lu s iv e ly  in  
dominant grass v e g e ta l  l i t t e r  ; 
to  the l e a f  l i t t e r  o f  Area X.

P ig .  l 6 .

the area o f poor he ight grovrth 
o f  l a t e r a l  root p en etration  in
15 inches; the f le s h y  la t e r a l  
the ,,A11 s o i l  horizon. Note the 

it the s o i l  surface in contrast
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same s t a t io n  i s  c lo s e r  to the ground surface  than at any other s t a t io n .

I t  i s  e n t i r e l y  p o s s ib le  that the deeper root p en etra tion  in t h i s  lo c a t io n  

i s  in f lu e n c e d  by sa tu ra ted  s o i l  c lo s e  to the water ta b le  l e v e l  during the  

e a r ly  part o f  the growing season. Again, during the dry period  o f  August

and summer drought, the roots  of tr e e s  at S ta t io n  IT may become more

deeply  p e n e tra t in g  in response to a v a i la b le  s o i l  moisture vrith a corre­

sponding drop in the water tab le  l e v e l .  The downward growth of roots  must 

heep pace w ith the l o s s  of m oisture from the su p erfic ia l ,  la y e r s  o f  s o i l  

during the p er iod  o f drought. The root system o f t u l ip  pop lar, which is

f l e s h y  and su c cu len t ,  i s  not ad. jus ted to s i t e s  which are swampy or to

those  s i t e s  in which the surface  la y e rs  are subject to d e s ic c a t io n .  Thus, 

the r e s u l t s  here obtained denote that t u l ip  poplar i s  adapting i t s e l f ,  

with regard to i t s  root system, to a con d it ion  somewhere between the  

extreme l i m i t s  o f  sa tu ra t io n  and p h y s io lo g ic a l  dryness. The e f f e c t i v e  

zone o f  l a t e r a l  root p en etra tion  fo r  both Area X and Area Y i s  found 

e n t i r e ly  in the Ap and Ag s o i l  h or izon s . The e f f e c t s  of evaporation,  

s o i l  temperature, and s o i l  moisture for  these hor izon s , in r e la t io n  to 

root p e n e tr a t io n ,  w i l l  be d iscu ssed  under c l im a t ic  in v e s t ig a t io n s .  I t  i s  

in t e r e s t in g  to note that the only s t a t i s t i c a l l y  s ig n i f i c a n t  te x tu r a l  s o i l  

d if fe r e n c e  between Area X and Area Y is  found in the same horizons (A-j_ amd 

A^) as the e f f e c t i v e  zone o f l a t e r a l  root p en etra tion . Thus, in d isc u ss ­

ing the e f f e c t  o f  c l im a t ic  fa c to r s  on so i l -m o is tu re  r e la t io n sh ip s  in th is  

study, v i r t u a l l y  a l l  r e la t io n s  between growth and s o i l  m oisture w i l l  

r e fe r  to the l a t e r a l  root zone area , s in ce  t h is  i s  the zone where the  

tr e e s  are p r im arily  der iv in g  th e ir  n u tr ien ts  and water supply. The r o le
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o f  f e e d e r  r o o t s  in  r e l a t i o n  to  w a ter  supply  in  each a r e a  vjas no t in­

v e s t i g a t e d ,  T h is  i s  no t to  imply t h a t  th e  more deep ly  e n tre n ch e d  r o o t s  

( t a p r o o t s )  a r e  n o t  im p o rtan t in  supp ly ing  w ater  a t  c r i t i c a l  p e r io d s  o f 

g row th . E f f e c t i v e  l a t e r a l  ro o t  p e n e t r a t i o n  and i t s  r e l a t i o n  to  th e  

p h y s ic a l - e d a p h ic  c h a . r a c t e r i s t i c s  o f  th e  ex p er im en ta l  a r e a  was th e  

o b j e c t i v e  of t h i s  phase  of th e  s tu d y .
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Water T ab le  F l u c t u a t i o n  in  R e la t io n  to  th e  P h y s ic a l -E d a p h ic  Char a c t e r i s t i c s

Throughout th e  growing season  o f  1952, th e  dep th  to  th e  u n d e r ly in g  

w ater t a b l e  was r e c o rd e d  f o r  comparison "between th e  a re a  of good and poor 

h e ig h t  grow th of t u l i p  p o p la r .  This  f l u c t u a t i o n  in  deo th  to  th e  w ater 

t a b l e  i s  shown in  F ig .  1 7 . A co n tinuous  drop in  wa.ter t a b l e  l e v e l ,  as th e  

season  p ro g r e s s e d ,  i s  g r a p h ic a l l y  reco rd ed  f o r  b o th  Area X and Area Y.

S ince  i t  has been shown by s e v e ra l  i n v e s t ig a to r s  t h a t  c a p i l l a r y  r i s e  

o f  w a te r  from a  w ater  t a b l e  w i th in  f i f t e e n  f e e t  of th e  s u r fa c e  is  im port­

a n t  in  p ro v id in g  r o o t s  w ith  m o is tu re ,  f l u c t u a t i o n s  in  the  w a te r  t a b l e  f o r  

t u l i p  p o l a r  a re  s i g n i f i c a n t  in  term s of t r e e  grow th. The waiter t a b l e  in  

Area X o ccu rs  a t  an average  dep th  o f  app rox im ate ly  s i x  f e e t ,  whereas 

A rea  Y has a  w a ter  t a b l e  o c c u r r in g  a t  app rox im ate ly  th re e  f e e t  below the  

s u r f a c e .

R e s u l t s  and D iscu ss io n

The c h a r a c t e r  o f  th e  v e g e ta t io n  has an im portan t e f f e c t  upon the  

h e ig h t  of th e  w a te r  t a b l e  and o th e r  f a c t o r s  a s s o c ia te d  w ith  th e  w ater  

t a b l e  l e v e l .  I n  A rea X th e  t r e e s  a re  more m assive in h e ig h t  and volume 

and hence r e q u i r e  more w a ter  f o r  t r a n s p i r a t i o n a l  p u rp o se s ;  t h i s  w a ter  is  

drawn from th e  ground w ater supp ly  o r  e l s e  from th e  s o i l  b e fo re  i t  pene­

t r a t e s  to  th e  w a te r  t a b l e  l e v e l .  This o b s e rv a t io n ,  coupled  w ith  such 

re c o rd ed  c l im a t i c  f a c t o r s  as reduced  s o i l  w ater e v a p o ra t io n ,  lower s o i l  

te m p e ra tu re s ,  reduced  s u r f a c e  s o i l  te m p e ra tu re s ,  and a sandy loam s o i l  

ty p e ,  c o n t r i b u t e  d i r e c t l y  to th e  lower w ater  t a b le  l e v e l  in Area X. In  

c o n t r a s t  to  t h i s  s i t u a t i o n ,  Area Y p o s se s s e s  a  w ater t a b l e  c lo s e  to th e  

s u r f a c e  as  a r e s u l t  o f  in c re a se d  c a p i l l a r i t y  and in c re a se d  s o i l  evapo­

r a t i o n .  The s o i l  o f  Area Y is  a deep s o i l  in  an a b so lu te  s e n se ,  b u t ,
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because  o f  a  r e l a t i v e l y  im pervious l a y e r  (h ig h  c lay  c o n te n t  o f  A horizon) 

and h ig h  w a te r  t a b l e ,  i t  i s  a  sha llow  s o i l  in  a  p h y s io lo g ic a l  s en se ,  which 

i n h i b i t s  normal h e ig h t  grow th. A c l im a t i c  s tu d y  o f th e  c o n t r a s t  between 

b o th  a r e a s  u t i l i z i n g  such f a c t o r s  as r e l a t i v e  hu m id ity ,  s o i l  e v ap o ra t io n  

l o s s ,  a i r  and s o i l  te m p e ra tu re ,  s o i l - m o is tu r e  r e l a t i o n s h i p s  and wind 

movement, b e a r  ou t th e  c o r r e l a t i o n  between th e  w ater t a b l e  l e v e l s  in  each 

a r e a .  Experim ents  have shown t h a t  c a p i l l a r y  r i s e  of w ater in  s o i l s  ta k e s  

p la c e  s lo w ly ,  bu t to  th e  g r e a t e s t  h e ig h t  in  c la y  s o i l s ,  and most r a p id ly  

in  sandy s o i l s .

From th e  r e s u l t s  o f  th e  w a ter  t a b l e  f l u c t u a t i o n  in  b o th  a re a s  i t  is  

a p p a r e n t  t h a t  th e  w a te r  t a b l e  l e v e l  in  p l a n t a t i o n s  of t h i s  type  becomes 

im p o r tan t  as  an index  to  p l a n t in g  s i t e s ,  i n s o f a r  as th e se  d a ta  a re  supp le ­

mented w i th  o th e r  c l im a t i c  and edaphic  f a c t o r s .  Again, th e  c r i t i c a l  s o i l -  

m o is tu re  re q u ire m e n ts  f o r  t u l i p  p o p la r  p l a n t a t i o n s  i s  e v id e n t .  Thus,

A rea Y a p p a r e n t ly  has a l l  th e  s i t e  req u irem en ts  n e c e s sa ry  to good h e ig h t  

g row th  o f t u l i p  p o p la r ,  y e t  th e  b e s t  growth occu rs  somewhere beyond th e se  

l i m i t a t i o n s ,  as e x h ib i t e d  by Area X. The two main f a c t o r s ,  as evidenced 

by t h i s  s tu d y ,  which a re  c o n t r i b u t in g  most to  th e  d i f f e r e n c e  in  th e  w ater 

t a b l e  l e v e l s  of b o th  a r e a s ,  a re  e v a p o ra t io n  and t r a n s p i r a t i o n  o f  th e  t u l i p  

p o p la r  s i t e s .
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LABORATORY EXPERIMENTS 

Chemical -  Edaphie C h a r a c t e r i s t i c s

1 . S o i l  A c id i ty  (pH)^

E x p erim en ta l  Method:

Samples f o r  th e  d e te rm in a t io n  of th e  hyd rogen-ion  c o n c e n t r a t io n  

we r e  ta k en  from f i v e  s o i l  h o r iz o n s  on th i r t y - tw o  randomly s e l e c t e d  sp o ts  

in  Area X and A rea  Y. Ten-grata s o i l  samples were tak en  in  d u p l i c a te  in 

J u ly  1951* and s e a le d  im m ediately in  p a r a f f i n  c o n ta in e r s .  The pH of each 

s o i l  was th en  d e te rm ined  e l e c t r o m e t r i c a l l y  "by use o f  the  Beckman pH M eter, 

as shown by Reed and Cummings (19^5)» aJ1d th e  r e c ip r o c a l  v a lu e s  o b ta in e d  

were av erag ed  f o r  each  d u p l i c a te  s e t  of sam ples. A s o i l - w a te r  e x t r a c t  in  

th e  r a t i o  o f  1 :1  was used in  a l l  d u p l i c a te  d e te r m in a t io n s .  By means of the  

U n ited  S t a t e s  S o i l  C onserva tion  S e rv ic e  c l a s s i f i c a t i o n  c r i t e r i a ,  th e  

r e l a t i v e  pH and i t s  co rre sp o n d in g  c la s s  of a c i d i t y  was p l o t t e d  f o r  each 

a r e a  by d e p th  of h o r iz o n .  The average  v a lu e s  o b ta in e d  by h o r iz o n  and 

d ep th  i s  p r e s e n te d  in  Table  2 3 .

D is cu s s io n  of R e su l ts  

Most f o r e s t  s o i l s  a re  a c id  in  r e a c t i o n .  This r e a c t io n  is  no t always 

c o n s ta n t  bu t shows v a r i a t i o n  d u r in g  the  course  of th e  yea.r. However, 

H ehring  (193^) a  German i n v e s t i g a t o r ,  found t h a t  v a r i a t i o n s  in  pH d id  not 

exceed 0 .8  pH over a o n e -y ear  p e r io d .  O ther in v e s t ig a to r s  have found 

com parable r e s u l t s .  Marked d i f f e r e n c e s  in pH a re  o f te n  found in  d i f f e r e n t

9 . The number preceding ' th e  chem ical s o i l  f a c t o r  under i n v e s t ig a t i o n  
co rre sp o n d s  to  th e  same f a c t o r  summarized s t a t i s t i c a l l y  in  Table *+2.
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TABLE 2 3 .

THE HYDROGEN-ION CONCENTRATION OP SOILS REPRESENTING FIVE SOIL HORIZONS
IN AREA X AND AREA Y

L ogarithm  o f  r e c i p r o c a l  of th e  h y d rogen -ion  c o n c e n t r a t io n

Area X ( S t a t i o n s  I - I I )

i l  H orizon Average pH Combined S ta t io n s Average pH Avg. D if fe re n c e

IA-, 5 .55 I-11  An 5 ^ 7 - .1 3
a 2 5 .33 2 5 .2 6 + .21
b 2 5 .^0 B2 5.27 + .4 l
b3 5 > 2

B3 5.2S + .2S
cx 5.1S C1 5.29 -•3 3

I IA j 5 .39
A p 5 .2 0
B2 5.15

5 .1 ^
C31 5 .U0

Area Y ( S ta t io n s  I I I -IV)

h l a -l 5.S5 III-IVA-. 5 .60 + .13
a 2 5 .1 6 a 2 5.05 - . 2 1
b 2 5 .0 2 B2 U.g6 - .U l
B3 5 .17 B3 5 .0 0 - . 2 8
Cl 5 . k2 5 .62 + •33

IVA-j 5-354 k .s k
B2 4 .7 0

B3 U.S3
5.S2

** A minus s ig n  (■- )  i n d i c a t e s  g r e a t e r a c i d i t y  th an compared a re a
and a p in s  (+) s ig n  in d ic a t e s  l e s s  a c id  than  compared area,.

h o r iz o n s  of a  p a r t i c u l a r  p r o f i l e .  In  th e  r e s u l t s  h e re  o b ta in e d ,  c o n s id e ra b le  

v a r i a t i o n  w i th in  h o r iz o n s  may be seen , but th e  f in d in g s  i n d ic a te  t h a t  a 

com parison o f Area X end A rea Y show l i t t l e  o v e r a l l  v a r i a t i o n .  The h ig h e s t  

pH found was 5 .S 5 and th e  low est was ^ .7 0 ;  th e se  v a lu e s  in c lu d e  a l l  h o r iz o n s  

in  b o th  a r e a s .  Area Y e x h ib i t s  lower in d iv id u a l  h o r iz o n a l  a c i d i t i e s  than  

Area X b u t  b o th  a re a s  a re  in  the  c a te g o ry  of s t r o n g ly  a c id  to  very  s t ro n g ly
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a c id ,  when averag e  v a lu e s  a re  c o n s id e re d .  The B h o r izo n  of Area X and 

A rea Y a p p ea rs  to  be s l i g h t l y  more a c id  th an  th e  A o r C h o r iz o n s  (F ig .  18 ) .  

Also th e  g rea - te r  pH d i f f e r e n c e  between th e  two compared a re a s  occurs  in the  

B h o r iz o n .

A s tu d y  by Auten (19*4-5) 77 second-grow th ye llow  p o p la r  s tan d s  from

12 to  6 l  y e a r s  o f  age on o ld  f i e l d s  and c u to v e r  a r e a s ,  showed t h a t  i f  th e  

s o i l  r e a c t i o n  was c o n s id e re d  a t  th e  ro o t  zone d ep th ,  most s o i l s  were a c id .  

Auten c i t e s  an example o f  a 1 2 -y ea r  o ld  s tan d  which grew a t  th e  r a t e  of 

f e e t  p e r  y e a r  on a s o i l  w ith  a pH of 5*8 a.t the  su r fa c e  and 5*6 in  th e  sub­

s o i l .  Th is  s i t u a t i o n  i s  analogous to  the  r e s u l t s  of the  p r e s e n t  i n v e s t i ­

g a t i o n ,  where i n s u f f i c i e n t  tim e has e la p s e d  f o r  th e  c a lc a re o u s  ye llow  

p o p la r  l i t t e r  to  a l t e r  th e  r e a c t i o n  to  l e s s  a c id  c o n d i t io n s .  In  t im e , the  

l i t t e r  o f  t h i s  p l a n t a t i o n  w i l l  become r i c h e r  in  lime and change th e  s o i l  

r e a c t i o n  to  n e u t r a l  o r  s l i g h t l y  a l k a l i n e  c o n d i t io n s .

A ccording to  L u tz  and Chandler (19*4-6) th e r e  i s  very  l i t t l e  ev idence 

t h a t  low pH p e r  se  i s  r e s p o n s ib le  f o r  poor growth of f o r e s t  t r e e s .  A gri­

c u l t u r a l  p l a n t s  may be s e n s i t i v e  to  h igh  c o n c e n t ra t io n s  o f  hydrogen ions 

bu t t h i s  i s  l e s s  marked f o r  f o r e s t  t r e e  s p e c ie s .  High a c i d i t y  v a lu e s ,  

however, may a f f e c t  th e  s o i l  fa u n a  and f l o r a ,  c e r t a i n  p h y s ic a l  and chemical 

f a c t o r s ,  and even t o x i c i t y  of s e n s i t i v e  s n e c ie s .  These e f f e c t s  a re  i n d i r e c t ,  

bu t a l t e r  a  p e r io d  o f  tim e may become h ig h ly  im p o r tan t .  An a n a ly s i s  of 

v a r ia n c e  shows th e  g r e a t e s t  d i f f e r e n c e  in  pH between Area X and Area Y 

o c c u r r in g  in  th e  B2 h o r iz o n .  However, no h o rizon  e x h ib i t s  any s t a t i s t i c a l  

s i g n i f i c a n t  d i f f e r e n c e  (T able  2b).
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TABLE 2b.

ANALYSIS OF VARIANCE FOR TER HYDRO G-EN-ION COECENTRATXON OF FIVE SOIL HORIZONS
IN AREA X v s .  AREA Y

B a s is :  32 samples 

pH

A1

a 2

B2

b3

Source Degrees of Freedom Sum o f  Squares Mean Square F

T otal 15 1.21
X vs Y 1 .06 .06
E r ro r Ik 1.15 .032 *73

T o ta l 15 1 .2 1
X vs Y 1 .19 .19
E r ro r 1^ 1 .0 2 .073 2 .61

B a s is :  b samples

T o ta l 3 .25
X vs Y 1 .17 .17
E r ro r 2 .OS .ob 1+.25

T o ta l 3 .IS
X vs Y 1 .07 .07
E r ro r 2 .11 .055 1 .3 2

T otal 3 .21
X vs Y 1 .11 .11
E r ro r 2 .10 .05 2 .2 1

2. S o i l  O rganic  M atte r

Experim ental Method:

S o i l  samples v e re  c o l l e c t e d  from Area X and Area Y r e p r e s e n t in g  

f i v e  s o i l  h o r iz o n s  in  each a r e a .  A t o t a l  of twenty in d iv id u a l  samples was 

tak en  and th e se  samples v e re  a i r - d r i e d  and p assed  th rough  a two mm. s ie v e .  

The d ry  com bustion method f o r  a n a ly s i s  of o rg an ic  m a t te r  was employed. F ive  

grains o f  60 mesh carbon f r e e  alundum and .25  grams o f manganese d io x id e  vas 

added to  a  two gram sample o f  s o i l .  These vere  v e i l  mixed and p la ce d  in  a 

s i l i c a  com bustion b o a t  and i n s e r t e d  in to  a ho t s i l i c a  tube  fu r n a c e ,
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TABLE 2 5 .

THE AMOUNT OF SOIL ORGANIC MATTER IN FIVE HORIZONS FROM AREA X AND AREA Y

P e rc e n t  
Area X ( S ta t io n s  I - I I )

H orizon Carbon d io x id e  (gins.) P e rc e n t  carbon d ioxide*
i

Organic M atte r

IA1 .100 1 0 .0 2-35
4 .o b i b . l .96
B2 .030 3 .0 -71
B3
°1

.015 1 .5 -35

.012 1 .2 .28

IIA 1 .073 7 .3 1 .72
a 2 .030 3 .0 -71
b 2 .028 2 .8 . 66
B?
°1

.017 1 .7 .bo

.012 1 .2

Area Y ( S t a t i o n s  I I I - IV )

.28

IIIA-i .113 11.3 2 .6 6

a 3
B2

.050 5 .0 1 .18

.035 3 .5 -S3
b3
°1

.015 1 .5 -35

.015 1 .5 -35

I7Ai .070 7 .0 I .65

A2 .038 3 .8 .90
b 2 .032 3 .2 -75
B3 .013 1.3 •31

.006 0 .6 . l b

B a s is  one-gram sample
* P e rc e n t  carbon  d io x id e  c o n v e r ted  to  o rg an ic  m a t te r  

by th e  f a c t o r  0 .^ 71  ( a f t e r  S ch o llen b e rg er )
by m u l t ip ly in g

**

p r e v io u s ly  h e a te d  to  at)out 950° C. A f te r  a p p ro p r ia te  oxygen flow  r a t e  was 

a d ju s t e d ,  th e  sample was su b je c te d  to  v a r io u s  p u r i f i c a t i o n  p ro c e s s e s ,  and 

th en  removed a f t e r  tw enty m in u tes .  Carbon d io x id e  was o o llec teu . in  a, 

p r e v io u s ly  weighed a s c a r i t e  tube  and th e  u e rc e n t  o rg an ic  m a t te r  computed by 

u s in g  th e  f a c t o r  O.U71 to  co n v er t  amount o f  carbon d io x id e  to  o rg an ic
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m a t te r  ( a f t e r  S c h o l le n b e r g e r , 19*+5) * ^he p e rc e n t  o rg a n ic  m a t te r  was then  

reduced  to  a  one-gram b a s i s  and p l o t t e d  to  s c a le  (F ig .  1 9 ) .

D iscu ss io n  o f  R e s u l ts  

A dynamic e q u i l ib r iu m  e x i s t s  between th e  supply  o f  f r e s h  o rg a n ic  

d e b r i s  and i t s  subsequen t decom posit ion . Changes which a l t e r  t h i s  equ i­

l ib r iu m  w i l l  r e s u l t  in  e i t h e r  a d e c rea se  o r  in c re a s e  of o rg a n ic  m a t te r .

The im portance  o f  o rg a n ic  m a t te r  in  a f f e c t i n g  th e  p h y s ic a l  and chem ical 

c h a r a c t e r i s t i c s  o f  s o i l s  cannot be o v e re s t im a te d .  The com position  and th e  

q u a n t i t y  o f  o rg a n ic  m a t te r  in  s o i l s  i s  th u s  ex trem ely  v a r i a b l e .  Values 

o b ta in e d  in  t h i s  i n v e s t i g a t i o n  compare q u i t e  fa v o ra b ly  w ith  th e  f in d in g s  o f  

many i n v e s t i g a t o r s  on s im ila n  s o i l  ty p e s .  A s tudy  by Auten ( l 9 1+5) showed 

t h a t  y e l lo w  p o p la r  o f t e n  rep roduces  and grows r a p id ly  on deep s o i l s  from 

which o rg a n ic  m a t te r  has been removed by o x id a t io n  and e ro s io n .  Thus, i f  

ye llow  p o p la r  would n o t r e s e e d ,  become e s t a b l i s h e d ,  and th r i v e  on s o i l s  

which have a  low o rg a n ic  c o n te n t ,  one might deduce t h a t  h e ig h t  growth was 

dependent upon o rg a n ic  m a t te r .  Such, however, i s  not the  c a se .  Although 

o rg a n ic  m a t te r  d e p o s i t e d  as l i t t e r  in f lu e n c e s  growth r a t e  as th e  accumu­

l a t i o n  becomes g r e a t e r ,  i t s  p re sen c e  is  not a  p rim ary  cause o f  in c re a se d  

t r e e  grow th , bu t a r e s u l t .  An exam ination  o f th e  d a ta  o b ta in e d  in  Table 23 

w i l l  im m ediate ly  show t h a t  th e  amount of o rg an ic  m a t te r  i s  r e l a t i v e l y  low 

in  b o th  Area X and Area Y. In  a l l  cases  the  amount d e c rea se s  w ith  in c re a se d  

dep th  o f  th e  p r o f i l e .  The h ig h e s t  co n ten t  of o rg an ic  m a t te r  occurs  on th e  

Warsaw sandy loam, a c id  v a r i a n t  ty p e ,  where a t o t a l  co n ten t  o f  5 .3 7  p e rc e n t  

i s  found  f o r  th e  e n t i r e  p r o f i l e ;  th e  h ig h e s t  v a lue  of 2.b6 p e rc e n t  i s  a lso  

found h e re  in  the  h o r iz o n .  The rem ain ing  s o i l  ty p es  do no t d i f f e r  

a p p re c ia b ly  in  t h e i r  c o n ten t  of o rg a n ic  m a t te r  f o r  any h o r iz o n .  An
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a n a l y s i s  of v a r ia n c e  shows th e  g r e a t e s t  d i f f e r e n c e  "between Area X and 

Area Y o c cu rs  in  th e  A2 horizon* However, no s t a t i s t i c a l  s i g n i f i c a n t  

d i f f e r e n c e  in  o rg a n ic  m a t te r  e x i s t s  "between Area X and Area Y (T able  2 6 ) .

TABLE 26 .

ANALYSIS OF VARIANCE OF CffiG-AMIC MATTER IN FIVE SOIL HORIZONS FOR AREA. X v s .
AREA Y

H orizon Source

P e rc e n t  

B a s is :  20 samples 

Degrees of Freedom Sum o f  Squares Mean Square F

A1 T o ta l 3 .73
X vs Y 1 .02 .02
E rro r 2 .71 •35 .06

A2 T o ta l 3 .11
X vs Y 1 .05 .05
E r ro r 2 .0 6 .03 1 . 6l

b 2 T o ta l 3 .02
X vs Y 1 .02 .02
E r ro r 2 .00 .00 • 0 0

B3 T o ta l 3 .003
j X vs Y 1 .003 .003

E rro r 2 .00 .00 0 0
°1 T o ta l 3 .03

X vs Y 1 .00 .00
E rro r 2 .03 .015 .00

3* T o ta l  N itro g e n  and C arbon-H itrogen  R a t io  

E xperim en ta l  Method:

T o ta l  n i t r o g e n  was determ ined 011 combined s u b s ta t io n  d u p l ic a te  

samples f o r  th e  A and B h o r izo n s  of Area X and Area Y* D e te rm in a t io n  was 

made acc o rd in g  to the  K je ld a h l  p ro ced u re  (1 9 ?0 ) .  Ten grams o f s o i l  were 

added to  K je ld a h l  f l a s k s  and the  o rg a n ic  m a t te r  was o x id iz e d  by b o i l i n g
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TABLE 27 .

THE RELATIONSHIP BETWEEN THE AMOUNT OE TOTAL NITROGEN 
AND CARBON IN SOILS OE AREA X AND AREA Y

P e rc e n t

A rea X ( S t a t i o n s  I - I I )

H orizon P e rc e n t  N itro g e n P e rc e n t  Carbon* C arbon-N itrogen R a t io

IA, .125 2.72S 21.82  : 1
A2 .0*47 1.118 23.79 : 1
b 2 .0*49 .818 1 6 .69  : 1

XIA-i .113 1.991 1 7 .6 2  : 1
a2 .0*4*4 .818 18.59 : 1
bI . 0*41 • 76*4 I 8 .6 3  : 1

.*419 s . 237 117.1*4 : 1 T o ta l

A rea Y ( S ta t io n s  I I I - IV )

IIIA 1 .133 3.082 2 3 .17  : 1
Ap .072 1.36>4- 18.9*4 : 1

.060 .95*4 15.90 : 1

IVAn .121 1.909 15.7S : 1
a2 .05*4 1 .036 1 9 .1 8  : 1
b 2 .055 .873 1 5 .87 : 1

.*495 9.21S 1 0 8 .S*4 : 1 T o ta ls

* D erived  from e q u a t io n :

Atomic w eigh t carbon_________
M olecu la r  w eight carbon d io x id e

C + O2 ——>* C02

1 2 .0 1
W .o T

z .272s X ^C02

”  p e rc e n t  carbon
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F i g .  2 0 .

A COMPARISON OF THE CAHBON-NITROGEN RELATIONSHIP 
OF SOILS IN THE AREA OF GOOD HEIGHT GROWTH v a  THE 

AREA OF POOR HEIGHT GROWTH

| | -  C a rb o n

2 . 5

2 .0

P e r ­
c e n t

1 . 5

1.0

. 5

X

1 9 . 7 : 1

1 9 . 4 : 1

Y

1 9 . 0 : 1
X

21.2:1

X

Y

N i t r o g e n

Good H e i g h t  
G ro w th

P o o r  H e i g h t  
G ro w th

X

1 7 . 7 r l

Y

1 5 . 8 : 1

S o i l  H o r i z o n
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w ith  s u l f u r i c  a c id .  A p p ro p r ia te  c a t a l y s t s  were added to  h a s te n  o x id a t io n .  

A f t e r  d i g e s t i o n  and c o o l in g ,  an excess  o f  sodium hydrox ide  was added and 

th e  ammonia was d i s t i l l e d  in to  s ta n d a rd  a c id .  The p e rc e n t  t o t a l  n i t r o g e n  

th u s  o b ta in e d  in c lu d e s  th e  ammoniacs.l and c e r t a i n  n i t r a t e  forms of 

n i t r o g e n  t h a t  a r e  p r e s e n t .

The p e r c e n t  of carbon  was d e r iv e d  from th e  o rg a n ic  m a t te r  d e te rm i­

n a t i o n s .  The p e r c e n t  carbon  d io x id e  o b ta in e d  in  th e  dry  combustion 

method i s  c o n v e r te d  to  p e rc e n t  carbon by m u l t ip ly in g  each d e te rm in a t io n  

by th e  f a c t o r  .2728 . R e s u l t s  of th e se  c a l c u l a t i o n s  a re  p re s e n te d  in

T able  27-

D is c u s s io n  of R e s u l ts

The change of n i t r o g e n  in  combined complex forms to  th e  a v a i l a b l e  

s o i l  n i t r o g e n  i s  a  b i o l o g i c a l  p ro c e ss  in f lu e n c e d  by many f a c t o r s .  From 

an e c o lo g ic a l  s ta n d p o in t  th e  c a rb o n -n i t ro g e n  r a t i o  of s o i l s  i s  in f lu e n c e d  

by s o i l  f e r t i l i t y  and s tan d  co m p osit ion . For f o r e s t  t r e e  s p e c ie s ,  very  

l i t t l e  n i t r o g e n  i s  l i b e r a t e d  as th e  n i t r a l e  form u n t i l  th e  carbon- 

n i t r o g e n  r a t i o  has narrowed as a  r e s u l t  of decom position . An index to 

th e  d eg ree  o f  r e l e a s e  of n i t r o g e n  was o b ta in e d  in  t h i s  i n v e s t ig a t i o n  by 

u t i l i z i n g  th e  c a r b o n -n i t ro g e n  r a t i o .  The p e rc e n t  o f  b o th  carbon and 

n i t r o g e n  is  h ig h e r  in  th e  a r e a  of poor h e ig h t  growth than in  th e  a re a  of 

good h e ig h t  g row th . C o n seq u en tly , th e  C/ltf r a t i o  is  more narrow in  Area Y, 

i n d i c a t in g  g r e a t e r  decom position  and re lea .se  of the  n i t r a t e  form of 

n i t r o g e n .  The d i f f e r e n c e s  in  the  C/U r a t i o  a re  not marked between a r e a s .

These r e s u l t s  d i s c l o s e  t h a t  th e  l e s s  dense s i t e  (Area Y) w ith  a h ig h e r  

c o n te n t  o f  o rg a n ic  m a t te r  w i l l  r e l e a s e  more n i t r o g e n  th an  the  d enser  Area X.

At any g iv e n  tim e the  amount of a v a i l a b l e  n i t r o g e n  w i l l  f l u c t u a t e  c o n s id e ra b ly .
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S ince  a  d e te r m in a t io n  o f  t o t a l  n i t r o g e n  in c lu d es  more th a n  one form of 

n i t r o g e n ,  i t  i s  no t  p o s s i b l e  to d i f f e r e n t i a t e  the  ammoniacal from the  

n i t r a t e  form s in  t h i s  d e te r m in a t io n .  However, a  c lo s e  approx im ation  of 

th e  n i t r o g e n  c o n te n t  and i t s  a v a i l a b i l i t y  w i l l  be in v e s t i g a t e d  under th e  

m ic ro b io lo g ic a l ,  phase  of the  s tu d y .

TABLE 28.

ANALYSIS OF VARIANCE FOR TOTAL NITROGEN CONTENT CF SOILS IN AREA X v s .  AREA Y

P e rc e n t
B a s is :  12 samples ( i n  d u p l ic a te )

A*-

Source Degrees o f  Freedom Sum o f  Squares Mean Square F

T o ta l 3 .0030
X vs Y 1 .0005 .0005
E r ro r 2 .0025 .0012 .k2

T o ta l 3 . 00^5
X vs Y 1 .OO35 .0035
E rro r 2 .0010 .0005 .70

T o ta l 3 .002
X vs Y 1 .001 .001
E rro r 2 .001 .0005 2 .0 0

U. Cat ion-Exchange O apacity  

E xperim en ta l Method:

S o i l  samples were taken  from f i v e  s o i l  h o r izo n s  r e p r e s e n t in g  

Area X and A rea Y acc o rd in g  to  th e  method of S ch o llen b e rg e r  and Simons 

( X9U5 ) , These s o i l s  <»ere a i r - d r i e d  and passed  th rough  a two mm. s i e v e .  

T w en ty -f ive  grams o f a i r - d r y  s o i l  were p la ce d  in  a 300 m i l l i l i t e r  f l a s k  

and le a c h e d  w ith  250 m i l l i l i t e r s  of IN ammonium a c e t a t e  s o lu t io n  and aga in  

le a c h e d  w ith  .IN ammonium a c e t a t e .  A f te r  th e  s o i l  in  the  fu n n e l  had 

f i n i s h e d  d r a in in g ,  th e  fu n n e l  and m ois t s o i l  were weighed. The s o i l  in
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TABLE 2 9 .

THE CATION-EXCHANGE CAPACITY, EXCHANGEABLE HYDROGEN, TOTAL BASES, 
AM) PERCENT BASE SATURATION OP PIVE SOIL HORIZONS IN AREA X AND AREA Y

Area X

H orizon

IAi

Cat ion-Exchange 
C apac ity

m.

Exchangeable 
Hydrogen*

Ar
BI 
B*

IIA .

Ai
B2
-3

I I IA .
Ag

2

C1

ITA-,

e . /  100 gms. m .e . /  100 gms.

S. 20 7.5693
6 . 0S 5.6152

10.64 10.1172
3*?F 2 . 9S11
1.44 1.2177

6 .so 6.2.766
6.40 5.2573
S .Ho 7 . 6S04
4 . OS 3.6975
1.60 1.2799

56.96 52.2922

Area Y

7.72 6.9066
10 .6s 9.9733
11. ss 11.0516

1.36 1.1264
.24

10.96 IO.51H3
s .72 s .1161
S .2S 7.7754
6 .Us 6.1655
s.s4 s .6132

T o ta l  Bases 
m .e. /  100 

gms.____

.6307

.H6Hg

. 522s
• 33g9 
.2223

. 523^

. 5^27

.7196

. 3^25

.3201

667s

7^.92 7 0 .2b2k

.813^

.7067

.828b

.2336

. 236S

.HH57

.6039

.50H6

.31H5

.226s

H .913H

P e rc e n t  Base 
S a tu ra t io n * *

7 .69  
7.64
4.91

10.20
15.^3

7.69 
8 .b j
8 .56
9*37

20.00

99.96  T o ta ls

10.33
•6. Si 
6.97 

17.17

4 ,o6
6.92
6.09
H.S5
2.56

6 5 .76  T o ta ls

** T o ta l  "bases d iv id e d  "by c a t  ion-exchange c a p a c i ty  X 100
* Cat ion-exchange c a p a c i ty  minus t o t a l  bases

Notes One m il l ig ram  e q u iv a le n t  (m .e .)  deno tes  th e  e q u iv a le n t  
w e ig h t ,  o r  th e  atom ic w eight d iv id e d  by th e  v a le n c e .
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th e  f u n n e l  was th e n  s low ly  le ach ed  w i th  2oO m i l l i l i t e r s  of 10 p e rc e n t  

NaCl* T h is  s a l t  f i l t r a t e  was p la c e d  in  a  K je ld sh l  f l a s k ,  tw enty m i l l i l i ­

t e r s  o f  2N HaOH were added, and th e n  d i s t i l l e d  in to  f i f t y  m i l l i l i t e r s  of 

^  p e r c e n t  "boric a c i d  so lu t io n *  The d i s t i l l a t e  was th en  t i t r a t e d  w ith  

0.1N HC1 u s in g  h ro m creso l g reen  as  an in d ic a to r*  From th e se  d e te rm i­

n a t io n s  th e  m i l l i e q u i v a l e n t s  of adsorbed  ammonia, p e r  tw e n ty - f iv e  grams 

of s o i l  were c a l c u l a t e d  and th en  co n v e r ted  to  adsorbed  ba,ses p e r  100 grams 

o f  s o i l .  The c a t  ion—exchange c a p a c i ty  in  terms of m i l l i e q u iv a l e n t s  p e r  

100 grams of s o i l  i s  p r e s e n te d  in  Table 29*

D iscu ss io n  of R e s u l ts

The c a t io n -ex c h a n g e  c a p a c i ty  of s o i l s  i s  l a r g e l y  a  f u n c t io n  o f  th e  

k in d s  and amounts of c o l l o i d a l  m a te r i a l  and th e  t o t a l  b ases  p r e s e n t .  This 

p r o p e r ty  i s  undoub ted ly  th e  most im portan t c h a r a c t e r i s t i c  o f  c o l l o i d a l  

c la y .  I t  i s  im p o r tan t  to  re c o g n iz e  t h a t  the  exchange of c a t io n s  i s  a sso ­

c i a t e d  w i th  th e  c o l l o i d a l  m a te r i a l  and t h i s  a d s o rp t io n  and d isp lacem ent 

of ions  i s  im p o rtan t in  supp ly ing  th e  n e c e s sa ry  ba se s  to p l a n t s .  The 

c a t  ion -exchange  r e a c t i o n  is  r a p id  and r e v e r s i b l e ,  and r e p r e s e n t s  the  

c a p a c i ty  of s o i l  c o l l o i d s  f o r  h o ld in g  c a t i o n s .  I f  the  exchange c a p a c i ty  

is  s a t i s f i e d  by m e t a l l i c  c a t i o n s ,  the  s o i l  i s  co n s id e red  to  be b a se -  

s a t u r a t e d .  However, in  f o r e s t  s o i l s  of humid reg io n s  t h i s  c o n d i t io n  is  

r a r e ,  s in c e  th e  b a se s  a re  c o n t in u a l ly  be ing  re p la c e d  by hydrogen ions and 

the  s o i l  c o l l o i d s  tend  to be b a s e - u n s a tu r a te d .

The r e s u l t s  o b ta in e d  by s o i l  h o r iz o n  in Column 1, Table 29 r e v e a ls

the  c lo s e  r e l a t i o n s h i p  of c a t  ion-exchange c a p a c i ty  to th e  amount of f i n e  

c la y  o r e s e n t .  T h is  r e l a t i o n  i s  most marked in  Area X where th e  h ig h e s t

f i n e  c la y  c o n te n t  and c a t  ion-exchange c a n - c i t y  a re  found in the  B2 h o r iz o n .
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The h i g h e s t  i n d iv id u a l  c a t i o n  exchange v a lu e  i s  found in  th e  h o r iz o n  

o f  A rea Y* An a n a l y s i s  of v a r ia n c e  r e v e a ls  t h a t  no s i g n i f i c a n t  s t a t i s ­

t i c a l  d i f f e r e n c e  i s  found between Area X and Area Y, a l th o u g h  d i f f e r e n c e s  

in  th e  A^ h o r iz o n  c lo s e l y  approaches  the  f i v e  p e rc e n t  s i g n i f i c a n t  l e v e l .  

The p r e s e n t  i n v e s t i g a t i o n  shows d e f i n i t e l y  t h a t  the  c a t  ion-exchange 

c a p a c i ty  i s  more c lo s e l y  r e l a t e d  to  th e  in o rg a n ic  c o l lo id s  than  to  th e  

o rg a n ic  c o l l o i d s ,  as ev idenced  by th e  f i n e  c la y  co n ten t  of in d iv id u a l  

ho rizons*

5. T o ta l  Bases and P e rc e n t  Base S a tu r a t io n  

E x perim en ta l  Method:

U t i l i z i n g  the  same sampling p rocedure  as  f o r  the  c a t  ion-exchange 

c a p a c i ty  d e te r m in a t io n s ,  tw e n ty - f iv e  grams of a i r - d r y  s o i l  were leach ed  

w i th  IK and *1K ammonium a c e t a t e .  This f i l t r a t e  was c o l l e c t e d  and evapo­

r a t e d  to  d ry n ess  on a h o t  p l a t e .  The r e s id u e  was t r a n s f e r r e d  to a 

p o r c e l a i n  e v a p o ra t in g  d i s h  and i g n i t e d  over a  Meker b u rn e r .  A f te r  c o o l in g ,  

a  c a l c u l a t e d  excess  of .2U HC1 was added and the  s o lu t io n  b a c k - t i t r a t e d  

w ith  0,1K HaOK. From th e se  d e te rm in a t io n s  th e  m i l l i e q u iv a l e n t s  of s o i l  

b ases  p e r  100 grams o f s o i l  were c a l c u l a t e d .  To de term ine  the  p e rc e n t  

base  s a t u r a t i o n  sim ply  d iv id e  th e  t o t a l  bases  o b ta in ed  by th e  c a t i o n -  

exchange c a p a c i ty .  The c o n ten t  o f  exchangeable  hydrogen p lu s  th e  co n ten t  

of exchangeab le  m e t a l l i c  c a t io n s  is  equal to  the  t o t a l  c a t  ion-exchange 

c a p a c i ty .  C onverse ly , by s u b t r a c t i n g  th e  t o t a l  base  exchange from the  

t o t a l  c a t  ion-exchange c a p a c i ty ,  the  exchangeable hydrogen is  o b ta in e d .

The p e r c e n t  ba.se s a t u r a t i o n  of a s o i l  is  the  degree  to which th e  adso rb ing  

s u r f a c e  o f  s o i l  c o l l o i d s  is  s a tu r a te d  w ith  m e ta l l i c  c a t i o n s .  This s o i l  

p r o p e r ty ,  b e in g  a fu n c t io n  of the  t o t a l  bases  and c a t io n -ex cn an g e  c a p a c i ty
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i s  v e ry  im p o r ta n t ,  s in c e  i t  d e te rm ines  in  p a r t  th e  a v a i l a b i l i t y  of the  

v a r io u s '  b a se s  to  p l a n t s .

R e s u l t s  of t h i s  i n v e s t i g a t i o n  show t h a t  the  h ig h e s t  in d iv id u a l  ba.se 

s a t u r a t i o n  e x i s t s  in  the  h o r izo n  o f Area X. I f  in d iv id u a l  s o i l  h o r i ­

zons a r e  c o n s id e re d  w ith  r e f e r e n c e  to base  s a t u r a t i o n ,  th e  v a r i a t i o n  

between Area X and Area Y is  no t  ex trem e. An a n a ly s i s  o f  v a r ia n c e  

(T ab le  33) p e r c e n t  base  s a t u r a t i o n  shows a s i g n i f i c a n t  d i f f e r e n c e  a t  

f i v e  p e rc e n t  between Area X and Area Y a t  th e  C-̂  h o r iz o n ;  t h i s  i s  th e  

only  s t a t i s t i c a l l y  s i g n i f i c a n t  s o i l  p ro p e r ty  of the  fo u r  f a c t o r s  h e re  

s tu d i e d .

In  o rd e r  to  show th e  r e l a t i o n s h i p  of th e se  v a lu e s ,  the  combined 

d a ta  a r e  p r e s e n te d  in  Table 29. I t  i s  i n t e r e s t i n g  to  n o te  th e  combined 

t o t a l s  f o r  th e se  fo u r  s o i l  p r o p e r t i e s  and how th e s e  p r o f i l e  t o t a l s  r e l a t e  

to  th e  s o i l  type  under i n v e s t i g a t i o n .  The g r e a t e s t  t o t a l  ca t io n -ex ch an g e  

c a p a c i ty  e x i s t s  in  Area Y (poor h e ig h t  g row th ) .  There i s  a ve ry  c lo se  

r e l a t i o n s h i p  h e re  to  th e  amount of f i n e  c la y  e x i s t i n g  in  t h i s  s o i l  ty p e ,  

b o th  as  to  i n d iv id u a l  h o r iz o n s  and t o t a l  p r o f i l e .  The g r e a t e s t  t o t a l  

exchangeab le  hydrogen is  found in  Area Y a l s o .  This r e v e a ls  the  c lo se  

r e l a t i o n s h i p  of th e  pH v a lu es  o b ta in e d  f o r  th e  same s o i l s ,  s in c e  Area Y 

shows a s l i g h t l y  g r e a t e r  a c i d i t y  than  Area X, when a l l  h o r izo n s  a re  

av e rag ed . T o ta l  base  c o n te n t  does no t d i f f e r  much in  comparing Area X 

w ith  A rea Y; a s l i g h t l y  l a r g e r  t o t a l  base  c o n te n t  e x i s t s  in  Area. Y but 

t h i s  d i f f e r e n c e  is  i n s i g n i f i c a n t .  The l a s t  s o i l  p ro p e r ty ,  th e  p e rc e n t  

base  s a t u r a t i o n ,  r e v e a l s  a l a r g e  t o t a l  p r o f i l e  d i f f e r e n c e  between Area X 

and A rea Y. A lthough th e  t o t a l  d i f f e r e n c e  is  i n s i g n i f i c a n t  s t a t i s t i c a l l y ,  

excep t a t  th e  C-j_ h o r iz o n ,  the  p e rc e n t  base  s a t u r a t i o n  is  d e f i n i t e l y  more
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TABLE 30.

ANALYSIS OF VARIANCE FOR CAT I ON-EXCHANGE CAPACITY POP GOOD HEIGHT
GROWTH (AREA X) v s . POOR HEIGHT GROWTH (AREA Y)

H orizon
M i l l i e q u iv a l e n t s  p e r  100 grams s o i l  

Source Degrees of Freedom Sum of Squares Mean Square P

A1 T o ta l 3 3-7S
X vs Y 1 3.39 3-39
E r ro r 2 •39 .19 17 .8

A? T o ta l 3 13 .9^
X vs Y 1 11.97 11.97
E r ro r 2 1.97 .98 12 .2

Bg T o ta l 3 9.29
X vs Y l .31 .31
E r ro r 2 S .98 4.49 .069

B3 T o ta l 3 1 3 .4 4
j X vs Y l .05 .05

E r ro r 2 13 .39 6 .6 9 .007

°1 T o ta l 3 4 7 .5 0
X vs Y 1 g .4 i S .4 l
E r ro r 2 39.09 10.54 • ̂ 3

TABLE 31.

ANALYSIS OP VARIANCE POR EXCHANGEABLE HYDROGEN FOR GOOD HEIGHT 
GROWTH (AREA X) v s .  POOR HEIGHT GROWTH (AREA Y)

M i l l i e q u iv a l e n t s  p e r  100 grams s o i l
Mean Square F

An

A2

B.

T o ta l 3 10.51
X vs Y 1 3.19 3.19
E rro r 2 7.32 3 . 6 6 .87

T o ta l 3 27.19
l 4 . 4gX vs Y 1 14 . 4S

E r ro r 2 12.71 6.35 2.2S

T o ta l 3 s . 61
X vs Y 1 . 2 6 . 2 6

.06E r ro r 2 s . 3 5 4.17

T o ta l 3 13.00
X vs Y 1 .09 .09
E rro r 2 12.91 6 .4 5 .01

T o ta l 3 46.40
X vs Y 1 9.33 9.33
E r ro r 2 37.07 18.53 .50
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ANALYSIS OF VARIANCE FOR TOTAL BASES FOR GOOD HEIGHT
GROWTH (AREA X) v s . POOR HEIGHT GROWTH (AREA Y)

M il l i e q u iv a l e n t s  p e r  100 grams s o i l
H orizon Source D egrees o f Freedom Sum o f  Squares Mean Square F

A1 T o ta l 3 .0759
X vs Y 1 .0100 .0100
E r ro r 2 .0659 .0329 • 33

A2 T o ta l 3 .0373
Cm X vs Y 1 .0300 .O3OO

E r ro r 2 .0073 .OO36 S . 33

BO T o ta l 3 .077Sd X vs Y 1 .0100 .0100
E r ro r 2 .0678 .0339 .3*

B3 T o ta l 3 .0090
j X vs Y 1 .0050 .0050

E rro r 2 . 00H0 .0020 2 .30

C T o ta l 3 .0113
X vs Y 1 .0062 .0062
E rro r 2 .0051 .0025 2 .H8

TABLE 3 3 .

ANALYSIS OF VARIANCE FOR PERCENT BASE SATURATION FOR GOOD HEIGHT
GROWTH (ARM X) vs-. POOR HEIGHT GROWTH (AREA Y)

P e rc e n t
H orizon Source Degrees of Freedom Sura o f  Squares Mean Square F

T o ta l 3 21 .09
X vs Y 1 .15 .15
E r ro r 2 20 .9H 1 0 . H7 .01

T o ta l 3 2 .06
2 X vs Y 1 1 .6 6 1*66

E r ro r 2 .Ho .20 s . 30

b 2 T o ta l 3 7.09
X vs Y 1 .oH .oH
E r r o r 2 7 .05 3 .52 .01

B, T o ta l 3 77.73
3 X vs Y 1 1 .50 1 .5 0

E r ro r 2 76 .23 3 S . i l .03

C-, T o ta l 3 282.82
1 X vs Y 1 270 .10 270 .10

E rro r 2 13.72 6 .s6 39.37*

* S ig n if ic a n t  a t
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c lo s e ly  c o r r e la te d  w ith  the area o f good h eigh t growth than w ith  the area  

o f poor h e ig h t growth. An a n a ly s is  o f varian ce of the four s o i l  p ro p er tie s  

examined i s  p resen ted  in support o f the presen t d isc u ss io n . These r e la t io n ­

sh ip s  w i l l  he d isc u sse d  fu rth er  when the com plete a n a ly s is  o f a l l  chemical -  

edaphie fa c to r s  i s  con sid ered .

S. In d iv id u a l F u tr ien t Elements (Ca, Mg, P, K, ¥a , Fe, Mn)

Experim ental Method:

A determ ination  o f the amount of calcium , magnesium, and sodium 

was ob ta in ed  by use o f the flam e photom eter. Transm ission va lu es fo r  each 

n u tr ien t elem ent were p lo t te d  a g a in st standard va lu es fo r  th at elem ent, and 

the corresponding n u tr ien t value was read from the standard curve. The 

p arts per m il l io n  thus obtained were converted to m ill ie q u iv a le n ts  per 100 

grams o f s o i l  u sin g  appropriate conversion  v a lu e s . A n alysis  o f variance fo r  

each elem ent was based upon p arts per m ill io n  o f th at n u tr ien t e x is t in g  in  

the s o i l .

The amount o f  a v a ila b le  phosphorus and exchangeable potassium  was 

obtained  by the c o lo r im etr ic  method, u t i l i z in g  the Lumetron P h o to -e le c tr ic  

c o lo r im eter . Ammonium f lu o r id e  was used as the ex tra ctin g  agent fo r  

phosphorus and ammonium molybdate as the reducing agent. For pota.ssium, 

the s o i l s  were ex tra cted  w ith  sodium n it r a te  and reduced w ith sodium 

cob a lt i n i t r i t e  s o lu t io n .

The amount o f a v a ila b le  iron and manganese was obtained by ex tra ctin g  

the s o i l s  w ith  h yd roch loric  a c id . To determine the manganese con ten t, 

sodium bism uthate was used as an o x id iz in g  agent. For a v a ila b le  iron ,
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A. COMPARISON OF TOTAL. INDIVIDUAL NUTRIENT ELEMENT: 
EXPRESSED AS A PERCENT OF TOTAL- PROFILE CONTENT
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hy d ro x y l amine h y d ro c h lo r id e  was used  w ith  0—p h e n a n th ro l in e  to  keep th e  

i r o n  in  th e  f e r r o u s  s t a t e .

A f t e r  c o n v e r t in g  th e s e  e lem ents  to  m i l l i e q u i v a l e n t s  p e r  100 grams of 

s o i l ,  th e  p e rc e n ta g e  of th e  t o t a l  e lem ents  p r e s e n t  was de term ined  f o r  each 

n u t r i e n t .

F or th e  sake o f  b r e v i t y ,  th e  d e t a i l e d  p rocedure  f o r  o b ta in in g  each 

elem ent i s  o m it te d ;  s ta n d a rd  curves  f o r  th e  same elem ents a re  not inc lu d ed .

A summary of a l l  n u t r i e n t  e lem en ts ,  o c c u r r in g  by s o i l  h o r izo n  in  each 

sam pling  a r e a  i s  g iv en  in  Table  3^ .  The r e l a t i o n s h i p  of in d iv id u a l  e lem ents 

found in  th e  a r e a  o f good h e ig h t  growth and poor h e ig h t  growth w i l l  now be 

d i s c u s s e d ,  fo l lo w ed  by a  g e n e r a l  summary of the  edaph ic -chem ica l im p lica ­

t i o n s .  A l l  p e rc e n ta g e  f i g u r e s  g iv en  f o r  each elem ent r e f e r  to  the  p e rc e n t  

o f  t o t a l  n u t r i e n t s  t h a t  were in v e s t ig a t e d  f o r  combined t o t a l  profiles.-*-®

Calcium r e l a t i o n s

S ince  ca lc ium  e x e r t s  a p rofound  in f lu e n c e  upon th e  p h y s ic a l ,  chem ical, 

and b i o l o g i c a l  p r o p e r t i e s  o f  s o i l s ,  i t  i s  im portan t in  f o r e s t  s o i l  f e r t i l i t y  

r e l a t i o n s .  Combined d a ta  p u b l i s h e d  by s e v e ra l  i n v e s t i g a t o r s ,  such as 

K i t t r e d g e  (1933) » hun t (1935) » nnd Chandler ( 1 9 ^ )  have shown th a t  th e  

ca lc ium  c o n te n t  o f  f r e s h l y  f a l l e n  le a v e s  of t u l i p  p o p la r  i s  app rox im ate ly

2 .9 6  p e r c e n t .  T h is  v a lu e  was su rp a ssed  only  by basswood, when a c o n s id e r ­

a t i o n  of tw e n ty - fo u r  t r e e  sp e c ie s  were in v e s t ig a te d  f o r  calc ium  co n ten t  of 

f r e s h  l e a v e s .  I t  has been shown t h a t  a  h ig h  co n ten t  of calc ium  in  f o r e s t

1 0 . S ince  o th e r  n u t r i e n t  e lem ents  such as boron, z in c ,  s u l f u r ,  and 
copper may be p r e s e n t  in  th e  s o i l  in very  sm all q u a n t i ty ,  th e  
p e rc e n t  of to t a d  n u t r i e n t s  and base  s a t u r a t i o n  i s  p ro b ab ly  
s l i g h t l y  h ig h e r  than  p e rc e n ta g e s  g iven  in  Table 3^*
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TABLE 34 .

THE NUTRIENT CONTMT OP SOILS BY SOIL HORIZON AND TOTAL PROFILE
IN AREA X AND AREA Y

M i l l i e q u iv a l e n t s  p e r  100 grams s o i l  

A rea X

N u tr ie n t  Element
H orizon

Ca Mg P K Na Fe Mn T o ta l
IA1 •3375 .1229 .0257 .0562 .0327 .0193 . 036U .6307

A2 .1925 .1024 .0737 .0306 .0205 .0247 .0204 .4648
b 2 .1975 .1065 .0873 .075^ .0135 .0412 .0014 .5288

B3 .0575 .0918 .0446 .0664 .0629 .0143 .0014 •33s 9
.0200 .0893 .0368 .0383 .0197 .0168 .0014 .2223

11 At .1900 .1311 .0485 .0613 .0428 .0154 .0343 .5234
a 2 .2200 .1311 .0970 .0332 .0262 .0301 .0051 .5427
b | .2950 .1303 .1087 .0997 .0598 .0247 .o o i4 .7196
B3 .0600 .1221 .0932 .0639 .0187 .0232 .0014 •3S25
Ci .0*400 .1229 .0543 .0485 .0441 .0089 .o o i4 .3201

1.6100 1.1504 .669s *5735 .3 ^ 9  .2186 .1046 4.6678 Total

IIIA, .5250 .1U34
Ap -U075 -1229
b 2 .U700 . 1U3U
B, .0250 .0901
Ci .0375  .0901

IVA, .1900 .1311
Ap .3200 .1377
b2 .1675  -1352
B , .0^x5 .1295
Ci .0225 .12!+5

Area Y

.03^9 .0306 .0157

.0485 .0664 .0117

.0370 .1074 .0209

.0332 .0511 .0192

.oH'g5 .0332 .0165

.0466 .03^5 .0122

.0466 .03S3 .0187

.O36S .075^ .0353

.0407 .0511 .0183

.0174 .0281 .0200

.0157 .0481 .8134

.0483 .0014 .7067

.o4 s3 .0014 .8284

.0136 .0014 .2336

.0096 .o o i4 .2368

.016s .0145 .4457

.0412 .o o i4 .6039

.0530 .0014 .5046

.0232 .0102 .3145

.0129 .o o i4 .2268

2.2065 I .2U79 .3882 .51bl .1885 .2826 .0826 U.913U T o ta l
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t r e e  l i t t e r  in c re a s e s  th e  amount of exchangeable  calc ium  in  th e  s o i l .  

There i s  a  d i s t i n c t  tendency f o r  th e  n u t r i e n t  calc ium  to  he c o n c e n tra te d  

in  th e  uppermost l a y e r s ,  and then  d i s t r i b u t e d  v e r t i c a l l y  th roughou t th e  

h o r iz o n  a cc o rd in g  to  th e  degree  o f  le a c h in g  and ro o t  p e n e t r a t i o n .

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show t h a t  calcium  i s  p r e s e n t  in  

h ig h e r  c o n c e n t r a t io n  th an  any o f the  rem ain ing  s i x  n u t r i e n t  e lem en ts ,  

w i th  th e  e x c e p t io n  o f  hydrogen. In  Area X, th e  calc ium  r e p r e s e n t s  3^*5 

p e rc e n t  o f  th e  t o t a l  n u t r i e n t s  found; in  Area Y th e  calc ium  r e p r e s e n t s  

M+.9 p e r c e n t  of th e  t o t a l  n u t r i e n t  supp ly . The v e r t i c a l  d i s t r i b u t i o n  o f  

ca lc ium  in  th e  p r o f i l e  o f  Area X shows a d i s t i n c t  d ec rea se  in  amount from 

upper to  lower h o r iz o n s ,  b u t  a t  S t a t i o n  I o n ly . At S ta t io n  I I ,  th e  

ca lc ium  is  h ig h e s t  a t  th e  Bg h o r iz o n .  For Area Y, a t  S ta t io n  I I I ,  th e  

ca lc ium  i s  g r e a t e s t  a t  th e  A-̂  h o r iz o n .  At S t a t i o n  IV, th e  calc ium  is  

h ig h e s t  a t  th e  ^  h o r iz o n .  Thus, th e  v e r t i c a l  d i s t r i b u t i o n  o f  calcium  

in  th e s e  p r o f i l e s  fo l lo w s  no s e t  p a t t e r n ,  bu t v a r i e s  c o n s id e ra b ly .  How­

e v e r ,  th e  d i s t r i b u t i o n  o f calc ium  in  in d iv id u a l  h o r izo n s  shows a c lo se  

c o r r e l a t i o n  to  th e  t o t a l  base  c o n ten t  of th e  same h o r iz o n s .  A g r e a t e r  

t o t a l  p r o f i l e  ca lc ium  c o n te n t  e x i s t s  in  Area Y, though th e  amount i s  not 

s i g n i f i c a n t l y  g r e a t e r  th an  Area X. This  f a c t  i s  no tew orthy , s in c e  the  

amount o f  f r e s h  l i t t e r  in  Area X i s  n e a r ly  tw ice the  amount in  Area Y.

An a n a ly s i s  o f  v a r ia n c e  (Table  35) e x h ib i t s  no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  in  th e  amount o f  a v a i l a b l e  calc ium  between Area X and Area Y. 

However, th e  F -v a lu e  deno tes  the  g r e a t e s t  d i f f e r e n c e  o c cu r r in g  a t  th e  Ag 

h o r iz o n .  In  g e n e r a l ,  th e  g r e a t e s t  d i f f e r e n c e  in  calc ium  c o n ten t  is  

r e s t r i c t e d  to  th e  s u r f a c e  h o r iz o n s ,  when comparing th e  two s i t e s .



13^
TABLE 35.

ANALYSIS OF VARIANCE FOR CONTENT OF
AREA X

AVAILABLE CALCIUM BY SOIL HORIZON IN 
v s .  AREA Y

P a r t s p e r  m i l l i o n (p .p .m .)  s o i l
H orizon Source D egrees of Freedom Sum of Squares Mean Square F

h . T o ta l 3 U0 2 3 .1 9
X vs Y 1 351.56 3 51 .56
E r ro r 2 3671.63 1S35.S1 .191

A2 T o ta l 3 I I 6 0 . 5O
X vs Y 1 992.25 992 .25
E rro r 2 l 6S . 25 S^ .1 2 11.79

b 2 T o ta l 3 2230.50
X vs Y 1 210.25 210.25
E r ro r 2 2020.25 1010 .12 .21

T o ta l 3 31.5S
X vs  Y 1 2 6 .0 1 2 6 .01
E r ro r 2 5.57 2.7S 9.36

C T o ta l 3 12 .50
X vs Y 1 0 .0 0 0 .0 0
E r r o r 2 12 .50 6 .25 0 .0 0

TABLE 3 6 .

ANALYSIS OF VARIANCE FOR CONTENT OF AVAILABLE MAGNESIUM BY SOIL HORIZON IN
AREA X v s .  AREA Y

P a r t s  p e r  m i l l i o n  (p .p .m .)  s o i l  
H orizon  Source Degrees o f  Freedom Sum of Squares Mean Square F

Ar

B,

B-

T o ta l 3 3 .19
1.56X vs Y 1 I.56

E rro r 2 I.63 .S I 1.92

T o ta l 3 10. ̂ 7
X vs Y 1 2.72 2.72
E r ro r 2 7 .75 3 .S7 .70

T o ta l 3 11.21
X vs Y 1 6.50 6.50

2.76E r ro r 2 4.71 2.35

T o ta l 3 IS.U9
X vs Y 1 .12 .12
E r ro r 2 i s .37 9.1s .01

T o ta l 3 17.25
X vs Y 1 .02 .02
E rro r 2 17.23 s .61 .002
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Magnesium r e l a t i o n s  

The second h ig h e s t  n u t r i e n t  element o c c u r r in g  in  the  p r o f i l e s  o f  "both 

A rea X and A rea  Y i s  magnesium. In  g e n e r a l ,  magnesium fo llo w s  th e  same 

v e r t i c a l  d i s t r i b u t i o n  as ca lc ium , except t h a t  th e  g r e a t e s t  s t a t i s t i c a l  

d i f f e r e n c e  "between a re a s  i s  a t  th e  B2 h o r izo n  (T able  36 ) .  The l a r g e r  

t o t a l  amount of magnesium (a s  w ith  calcium) occurs  in  Area Y. In  Area X, 

th e  t o t a l  p r o f i l e  c o n te n t  o f  magnesium i s  2^ .6  p e rc e n t  and f o r  Area Y the  

t o t a l  c o n te n t  i s  p e r c e n t .  Magnesium, in th e  p r o f i l e s  s tu d ie d ,  shovrs

l i t t l e  v a r i a t i o n  between h o r iz o n s  in  b o th  a re a s  and i s  no t as d i s t in c t ly -  

r e s t r i c t e d  by h o r iz o n  as  ca lc ium . I t  i s  notew orthy  th a t  th e  combined 

calcium-magnesium c o n te n t  r e p r e s e n t s  59 p e rc e n t  and 70 p e rc e n t  o f  the  

t o t a l  n u t r i e n t s  p r e s e n t ,  f o r  Area X and Area Y r e s p e c t i v e l y .  No s i g n i f i c a n t  

F -v a lu e  i s  found f o r  c o n ten t  of a v a i l a b l e  magnesium a t  any h o r iz o n .

Phosphorus r e l a t i o n s  

V arious  i n v e s t i g a t o r s  have emphasized th e  importance of a v a i l a b l e  

phosphorus  to  s o i l  p r o d u c t i v i t y .  However, Hennecke (1935) was unab le  to 

e s t a b l i s h  any c l e a r  r e l a t i o n s h i p  between th e  phosphorus c o n te n t  o f  sandy 

s o i l s  and s i t e  q u a l i t y .  The amount of phosphorus in  s o i l s  i s  u s u a l ly  sm a l l .  

The p r e s e n t  i n v e s t i g a t i o n  r e v e a l s  t h a t  Area X has a  1^.3 p e rc e n t  t o t a l  

p r o f i l e  phosphorus c o n te n t  as c o n t r a s t e d  to  a 7*9 p e rc e n t  t o t a l  p r o f i l e  

c o n te n t  in  Area Y. This  p e rc en ta g e  d i f f e r e n c e  r e p r e s e n t s  n e a r ly  tw ice  the  

amount of a v a i l a b l e  phosphorus in  Area X as t h a t  in  Area Y. The l i g h t e r  

s o i l s  o f  A rea X i n d ic a t e  a c o r r e l a t i o n  between th e  amount of phosphorus and 

th e  f i n e  c la y  f r a c t i o n .  Thus, in  th e  Bg h o r iz o n  which c o n ta in s  th e  g r e a t e s t  

f i n e  c la y  c o n te n t ,  th e  amount of phosphorus is  h ig h e r  th an  in  o th e r  h o r iz o n s  

o f  A rea X. For Area Y, t h i s  r e l a t i o n s h i p  i s  l e s s  marked, and th e  phosphorus
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te n d s  to  be more even ly  d i s t r i b u t e d  th roughou t th e  p r o f i l e ,  w ith  s l i g h t l y  

g r e a t e r  amounts in  th e  upper h o r iz o n s .  The amount o f  a v a i l a b l e  phosphorus 

ap p ea rs  to  "be more c lo s e l y  r e l a t e d  to  the  c o l l o i d a l  c lay  th an  to  th e  

c o n te n t  o f  o rg a n ic  m a t t e r .  The o rg a n ic  m a t te r  co n ten t  appears  to  fo l lo w  

a  d e c r e a s e  in  amount from s u r fa c e  to  su b su rfa c e  h o r iz o n s .  Prom th e  r e s u l t s  

o b ta in e d ,  A rea  Y ap p ea rs  to  have more t o t a l  phosphorus " t i e d -u p "  than  

Area X, s in c e  th e  amounts o f  c o l l o i d a l  c la y  and o rg an ic  m a t te r  a re  h ig h e s t  

in  A rea  Y. An a n a ly s i s  of v a r ia n c e  (T able  37) shows a  s i g n i f i c a n t l y  

d i f f e r e n t  phosphorus c o n ten t  a t  th e  51° l e v e l ,  f o r  th e  h o r iz o n .  This is  

f u r t h e r  ev idence  o f th e  c o r r e l a t i o n  between th e  amount of phosphorus and 

th e  c o n te n t  of f i n e  c o l l o i d a l  c la y  in  Area X.

Po tass ium  r e l a t i o n s

The amount o f  exchangeable  s o i l  po tass ium  i s  u s u a l ly  p l e n t i f u l  f o r  

good t r e e  grow th , excep t in  sandy s o i l s .  Por most s o i l s ,  th e  t o t a l  amount 

o f  p o ta ss iu m  in c r e a s e s  w ith  s o i l  d ep th .  The r e l e a s e  o f  po tass ium  depends 

upon th e  s t a t u s  o f  th e  po tass ium  e q u i l ib r iu m , amount and k in d  o f c lay  

m a t e r i a l  p r e s e n t ,  and th e  p e rc e n t  base  s a t u r a t i o n .  The po tass ium  e q u i l i b ­

rium i s  r a t h e r  complex in  s o i l s .  When po tass ium  is  " f ix ed "  i t  may be t i e d  

up by b i o l o g i c a l  f i x a t i o n ,  t ra p p e d  on o rg an ic  m a t te r  c o a t in g s ,  fo rc e d  in to  

th e  c r y s t a l  l a t t i c e  s t r u c t u r e ,  o r  t i e d  up in  p o ta ss iu m - lro n -p h o sp h a te  

com plexes. Whether p o tass ium  is  " f ix e d "  or " re le a se d "  depends upon th e  

f l u c t u a t i o n  o f  th e  po ta ss ium  e q u i l ib r iu m .

The p r e s e n t  i n v e s t i g a t i o n  r e v e a l s  a t o t a l  p r o f i l e  c o n ten t  of 12-3 

p e r c e n t  p o ta ss iu m  in  Area X end a 10.5 p e rc e n t  c o n ten t  in  Area Y, when 

p e r c e n t  o f  t o t a l  n u t r i e n t s  i s  c o n s id e re d .  G re a te s t  amounts of po tass ium  

occu r in  th e  B2 h o r iz o n  f o r  a l l  f o u r  p r o f i l e s .  In  a l l  of th e  s o i l  types



TABLE 37. 137

ANALYSIS OF VARIANCE FOR CONTENT OF AVAILABLE INORGANIC PHOSPHORUS IN
AREA X v s . AREA Y

P a r t s  p e r  m i l l i o n  (p .n .m .)  s o i l
H orizon Source Degrees o f Freedom Sum o f  Squares Mean Square F

K T o ta l 3 3 .6 2
X X vs Y 1 . 11+ .14

E r ro r 2 2 . 4g 1 .24 .112

a2 T o ta l 3 i s . 96
X vs Y 1 16 .00 16 .00
E r ro r 2 2 .96 1.4S 10. SO

B 2
T o ta l 3 4 l .9 S
X vs  Y 1 39.56 39.56
E r ro r 2 2 . 1+2 1 .2 1 3 2 . 69*

b 3 T o ta l 3 23.63
X vs Y 1 1 0 . S3 1 0 . S3
E r ro r 2 1 2 .SO 6 . 4o 1 .6 9

c T o ta l 3 S .1*3
X vs Y 1 1.69 1 .69
E r ro r 2 6.74 3 .37 .50

* S i g n i f i c a n t  a t  5^

TABLE 3S.

ANALYSIS OF VARIANCE FOR CONTENT OF EXCHANGEABLE POTASSIUM BY SOIL HORIZON
IN AREA X v s .  AREA Y

P a r t s  p e r  m i l l i o n  (p .p .m .)  s o i l
H orizon Source Degrees of Freedom Sum o f  Squares Mean Square F

A1 T o ta l 3 10S.21+
X X vs Y 1 105 .06 IO5.O6

E r ro r 2 3.1S 1 .59 6 6 . 07*

k 0 T o ta l 3 125 .00
2 X vs Y 1 64 .00 64.oo

E r ro r 2 61 .00 3 0 .5 0 2.09

T o ta l 3 125.55CL
X vs Y 1 2 .25 ' 2 .25
E r ro r 2 I 2 3 . 3O 61 .60 .036

T o ta l 3 30.75
3 X vs Y 1 30.25 30 .25

E r ro r 2 .50 .25 1 2 1 .00 **

Cl T o ta l 3 35.00
1 X vs Y 1 25 .00 25 .00

E rro r 2 10 .00 5 .00 5.0

** S i g n i f i c a n t  a t  51° 1/®
* S i g n i f i c a n t  a t  5$



133

h e re  i n v e s t i g a t e d ,  th e  amount of a v a i l a b l e  po ta ss iu m  appears  to  be 

c o r r e l a t e d  w ith  th e  amount of o rg a n ic  m a t te r  and th e  calc ium —potass ium  

r a t i o  o f  th e  A-̂  and B-̂  h o r iz o n s  r e s p e c t i v e l y .  An a n a ly s i s  o f  v a r ia n c e  

shows a  d e f i n i t e  s i g n i f i c a n t  d i f f e r e n c e  a t  th e  l e v e l  f o r  po tass ium  in 

th e  A-̂  h o r iz o n ,  and a  d i f f e r e n c e  a t  th e  *yjo and 1% l e v e l s  f o r  po tass ium  in  

B-̂  h o r iz o n .  Even though th e  P -v a lu e  deno tes  t h i s  h o r iz o n  d i f f e r e n t i ­

a t i o n ,  th e  t o t a l  c o n te n t  between Area X and Area Y is  not s i g n i f i c a n t .

Sodium r e l a t i o n s

Sodium i s  a  common c o n s t i t u e n t  of p l a n t s  and in f lu e n c e s  th e  c a t io n -  

i n t e r r e l a t i o n s h i p  in  th e  p l a n t .  I t  i s  not d e f i n i t e l y  known to  be e s s e n t i a l  

f o r  p l a n t  grow th , ex cep t f o r  c e r t a i n  p l a n t s .

As w ith  p o ta ss iu m , th e  g r e a t e s t  d i f f e r e n c e  in  th e  amounts of sodium 

was found in  th e  A-j_ h o r iz o n  in  comparing Area X w ith  Area Y. In  Area X, 

sodium r e p r e s e n t s  7*3 p e rc e n t  of th e  t o t a l  b ases  p re s e n t  and in  Area Y

sodium r e p r e s e n t s  3*$ p e rc e n t  o f  th e  t o t a l  bases  p r e s e n t .  An a n a ly s i s  of

v a r ia n c e  shows th e  d i f f e r e n c e  in  amount o f  exchangeable sodium to  be 

s i g n i f i c a n t  a t  th e  5$ l e v e l  in  th e  A^ h o r iz o n .  Here a g a in ,  th e  amount of 

sodium ap p ea rs  to  be r e l a t e d  to  th e  c a t  ion-exchange c a p a c i ty ,  the  amount 

of o rg a n ic  m a t t e r ,  and th e  po tass ium -sodium  r e l a t i o n s h i p ,  f o r  th e  s o i l  

ty p es  under i n v e s t i g a t i o n .

I ro n  r e l a t i o n s

The amount o f  a v a i l a b l e  i ro n  p r e s e n t  in s o i l s  is  o f te n  dependent upon 

th e  p a r e n t  m a te r i a l  and the c l im a t i c  c o n d i t io n s  -under which the  s o i l s  

d eve loped . R e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show a r a t h e r  d i s t i n c t  accumula­

t i o n  of t h i s  n u t r i e n t  in  th e  B h o r iz o n ,  p o s s ib ly  due to  le a c h in g  e f f e c t s .

A v e ry  c lo s e  r e l a t i o n s h i p  seems to  e x i s t  between the  smount of a v a i l a b l e



TABLE 3 9 . 139

ANALYSIS OF VARIANCE FOR CONTENT OF EXCHANGEABLE SODIUM BY SOIL HORIZON
IN AREA X v s . AREA Y

P a r t s  p e r  m i l l i o n  (p .p . m .) s o i l
H orizon Source Degrees o f  Freedom Sum of Squares Mean Square F

A*1 T o ta l 3 32.67
X vs Y l 29.70 29.70
E r ro r 2 2.97 i.4s 20.07*

a 2 T o ta l 3 5.55
X vs Y 1 3.42 3.42
E r ro r 2 2.I3 1.06 3.23

b 2 T o ta l 3 65.U3
X vs Y 1 3 .SO 3 .SO
E rro r 2 61.63 30. SI .123

b3 T o ta l 3 76.53✓ X vs Y 1 25.50 25.50
E r ro r 2 51.03 25.51 1 .0 0

ci T o ta l 3 25. S6
X vs Y 1 9.S6 9 .S6
E r ro r 2 16.00 s . 00 1.23

* S i g n i f i c a n t  a t  5^

TABLE 40.

ANALYSIS OF VARIANCE FOR CONTENT OF AVAILABLE IRON BV' SOIL HORIZON IN
AREA X v s .  AREA Y

P a r t s  p e r  m i l l i o n  (pi.p .m .) s o i l
H orizon Source Degrees o f Freedom Sum o f Squares Mean Square F

Â l T o ta l 3 .7*
X vs Y 1 .09 .09
E rro r 2 .65 .32 ,2S

Ap T o ta l 3 26.65
X vs Y 1 23.52 23.52
E rro r 2 3.13 I .56 15.0S

B0 T o ta l 3 35.932 X vs Y 1 24.50 24.50
E r ro r 2 11.43 5.71 4.29

B? T o ta l 3 6.7s
j X vs Y 1 .01 .01

E r ro r 2 6.77 3.3S .003

Cl T o ta l 3 3.03
X vs Y 1 .20 .20
E r ro r 2 2 . S3 1.41 . l 4 l
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TABLE 1+1.

ANALYSIS OP VARIANCE FOR CONTENT OP AVAILABLE MANGANESE BY SOIL HORIZON
IN AREA X vs * AREA Y

Horizon Source

P arts per m illio n  

Degrees o f Freedom Sum

of s o i l  

of Squares Mean Square F

T otal 3 P - 71
X vs Y l 1.21 1.21
Error 2 ■̂2.R0 21.25 .056

A2 T ota l 3 I S . 1+3
X vs Y 1 9 .6 1 9 .6 1

b 2

Error 2 g .82 l+.l+l 2.18

T otal 3 H.32
3 X vs Y l l.S+3 1.1+3

Error 2 2.39 1.1+4 1 .0 0

ci ——

iro n  and th e  c o l l o i d a l  c o n te n t  o f  the  B2 h o r iz o n .  Under th e  a c id  

c o n d i t io n s  of th e  s o i l s  here  s tu d ie d ,  th e  i ro n  i s  r e l a t i v e l y  s o lu b le .  

A p p a ren t ly  t h e r e  i s  s u f f i c i e n t  a e r a t io n  and d ra in ag e  to  cause le ac h in g  

o f th e  i ro n  in to  the  B h o r iz o n .  S ince s o lu b le  iro n  is  o f te n  a s s o c ia te d  

w ith  a n a e ro b ic  c o n d i t io n s ,  th e  l a r g e r  amounts o f  t h i s  element found in  

Area Y may be e x p la in e d  on the  b a s i s  of g r e a t e r  w a te r -h o ld in g  c a p a c i ty  

o f  t h i s  s i t e ,  l e s s  a v a i l a b l e  oxygen, or e l s e  due to in c re a se d  le ac h in g  

from th e  upper h o r iz o n s .  Ares, X r e p r e s e n t s  1+.7 p e rc e n t  of th e  t o t a l  

n u t r i e n t s  s tu d ie d  and Area Y r e p r e s e n t s  5 .S  p e rc e n t  i ro n  c o n te n t  o f  a l l  

b a se s  p r e s e n t .  The amount of o rg a n ic  m a t te r  does n o t  appear to  be 

c l o s e l y  r e l a t e d  to  th e  i ro n  c o n ten t  of any s o i l  type i n v e s t ig a t e d ,  s in c e  

the  g r e a t e s t  amount o f  i ro n  i s  found in  th e  B h o r iz o n .  An a n a ly s i s  of 

■ygLriance shows no s i g n i f i c a n t  d i f f e r e n c e s  between a r e a s .
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Manganese r e l a t i o n s  

Very l i t t l e  i s  known co n ce rn in g  th e  im portance of manganese in  

th e  n u t r i t i o n  of f o r e s t  t r e e s .  However, th e  amounts of manganese 

abso rbed  by t r e e s  may be c o n s id e ra b le ,  o f te n  exceeding  calc ium  in  some 

types  o f  f o r e s t  humus. In  t h i s  s tu d y ,  th e  manganese e x i s t s  in  th e  s m a l le s t  

amount of th e  seven b a se s  c o n s id e re d .  Area X r e p r e s e n t s  2 .2  p e rc e n t  and 

A rea T 1*7 p e r c e n t  o f  the  t o t a l  n u t r i e n t s  in v e s t ig a te d  by t o t a l  p r o f i l e .  

G r e a t e s t  amounts o f  manganese a re  found in  th e  A h o rizo n  o f b o th  Area X 

and A rea  Y. This would ten d  to  r e l a t e  th e  amount found w ith  th e  c o n te n t  

of o rg a n ic  m a t t e r ,  s in c e  low manganese o f te n  in d ic a te s  low o rg a n ic  m a tte r  

c o n te n t .  The manganese o c c u r r in g  in  bo th  a re a s  seems to  fo l lo w  th e  

t r e n d  o f  th e  p r o f i l e  from s u r fa c e  to  su b su rfac e  ho rizons  in  th e  same 

manner as  th e  o rg a n ic  m a t t e r .  Ho s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  in  the  

manganese c o n te n t  between a r e a s .
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TABLE 42.

A STATISTICAL SUMMARY OE "P" VALUES EOR EDAPHIC-CHEMICAL 
CHARACTERISTICS IN AREA X v s .  AREA Y

LABORATORY EXPERIMENTS

S o i l  Horizon
A1 a2 b2 B3 Cl

Average Depth 0- 9 " 9 - i 4« 1^23" 23- 3 3 " 33" ■«

V a r ia b le  I n v e s t i g a t e d :

1. S o i l  A c id i ty  (pH) *73 2.61 4.25 1.32 2.21

2. O rganic  M atte r .06 1.61 .00 .00 .00

3 * T o ta l  N itro g e n .42 .70 2.00 --- —

4. Cat ion-Exchange 
Capac i t y 17. so 12.20 .069 • O O —•J .*3

5- T o ta l  Bases *33 S . 33 .3* 2.50 2 . 4S

6. Base S a t u r a t io n .01 s . 30 .01 .03 39 . 37*

7 . Exchangeable
Hydrogen .87 2.2S .06 .01 .50

S. A v a i la b le  Calcium .191 11.79 .21 9.36 .00

9 . A v a i la b le  Magnesium 1.92 .70 2.76 .01 .002

10. A v a i la b le  Phosphorus .112 10 . SO 32 . 69* 1.69 .50

11. Exchangeable
P o tass ium 66 .07* 2.09 .036 121.00** 5.00

12. Exchangeable
Sodium 20.07* 3*23 .123 1.00 1.23

13* A v a i la b le  I r o n .28 15 .OS 4.29 .003 . l 4 l

i 4 . A v a i la b le
Manganese .056 2.1s .00 1.00 .00

** S ig n if ic a n t  at ifo and 5%
* S ig n if ic a n t  at 3%
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Summary and Im p l ic a t io n  o f  R e s u l t s  

Edaphic-Chem ical C h a r a c t e r i s t i c s

I n  c o n s id e r in g  the  im p l ic a t io n s  h r  ought out by th e  r e s u l t s  of th e  

s o i l - c h e m ic a l  d e te r m in a t io n s ,  i t  i s  im portan t to  recogn ize  t h a t  th e  

i n t e g r a t i o n  of a l l  p o s s ib l e  c o n t r ib u t in g  f a c t o r s  is  n e c e s sa ry .  The 

p u rp o se  o f  th e  p r e s e n t  summary i s  to  p o in t  ou t th o se  f a c t o r s  which may 

o r  may n o t  be c o n t r i b u t i n g  d i r e c t l y  to the  d i f f e r e n c e  in  h e ig h t  growth 

o f t u l i p  p o p la r .

A com parison o f the  s o i l  r e a c t i o n  (pH) in  both  a re a s  does no t 

e x h i b i t  any s i g n i f i c a n t  v a r i a t i o n .  Area Y is  s l i g h t l y  more a c id  in  

r e a c t i o n  than  Area X. Both a re a s  a re  s t r o n g ly  to very  s t r o n g ly  a c id  end 

the  B h o r iz o n  ap p ea rs  to  be s l i g h t l y  more a c id  than  the  A o r 0 h o r iz o n s .  

The lo w e s t  in d iv id u a l  pH v a lu e s  a r e  o b ta in e d  in  th e  B^ h o r izo n  of bo th  

a r e a s .  S o i l  r e a c t i o n  p e r  se  does no t  appear to  be d i r e c t l y  c o n t r ib u t in g  

to  h e ig h t  g row th  d i f f e r e n c e s .  The pH v a lu e s ,  however, may be i n d i r e c t l y  

a f f e c t i n g  o th e r  s i t e  f a c t o r s  such as the  s o i l  b io lo g ic a l  and herbaceous 

f a c t o r s .

The p e r c e n t  of o rg a n ic  m a t te r  in  each sampling a re a  is  ve ry  low. 

G-reatest s t a t i s t i c a l  d i f f e r e n c e s  between a re a s  a re  found in  the  Ag 

h o r iz o n .  The amount of o rg an ic  m a t te r  d ec rea se s  w ith  in c re a s e d  dep th  

f o r  b o th  A rea X and Area Y. S l i g h t l y  g r e a t e r  amounts of o rg an ic  m a tte r  

a r e  found  in  Area Y a t  th e  A ^  A2 , and B2 h o r iz o n s ;  the  amounts below the  

B2 h o r iz o n  d i f f e r  v e ry  l i t t l e .  No s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e  

e x i s t s  between Area X and Area Y in s o f a r  as the  d i r e c t  e f f e c t  of o rg an ic  

m a t te r  c o n te n t  i s  concerned .
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B oth  carbon  and n i t r o g e n  a r e  found in  g r e a t e r  amounts in  Area Y.

A lso ,  th e  c a r b o n -n i t ro g e n  r a t i o  i s  more narrow in  t h i s  a r e a ,  i n d i c a t i v e  

o f  g r e a t e r  deco m p o s it io n  of carbonaceous and n i t ro g en o u s  m a t e r i a l .  The 

d i f f e r e n c e  in  th e  c a r b o n -n i t ro g e n  r a t i o  between a re a s  i s  n o t  extrem e. 

R a t io s  f o r  b o th  s i t e s  f a l l  w i th in  th e  range o f app rox im ate ly  15:1  to 23:1 

f o r  any one in d iv id u a l  h o r iz o n .  The g r e a t e s t  s t a t i s t i c a l  d i f f e r e n c e  f o r  

t o t a l  n i t r o g e n  c o n te n t  i s  found a t  the  h o r iz o n ,  when c o n t r a s t i n g  Area X 

and A rea  Y. As w i th  th e  co n ten t  of o rg an ic  m a t te r ,  the  n i t r o g e n  and 

carbon o ccu r  in  s l i g h t l y  g r e a t e r  amounts in  th e  a re a  of poor h e ig h t  growth. 

D ecom position  ap p ea rs  to  be more r a p id  in  th e  more exposed and l e s s  dense 

s i t e .

A c lo s e  c o r r e l a t i o n  e x i s t s  between th e  c a t  ion-exchange c a p a c i ty  and 

th e  amount o f  f i n e  c l a y  p re s e n t  in  Area X. This r e l a t i o n s h i p  i s  l e s s  

marked in  A rea Y. A c lo s e r  r e l a t i o n  seems to  occur between th e  c a t io n -  

exchange and th e  c o l l o i d a l  complex, than between ca tio n -ex ch an g e  and the  

o rg a n ic  c o l l o i d s .  A n a ly s is  of v a r ia n c e  r e v e a l s  t h a t  th e  g r e a t e s t  d i f f e r ­

ence between a re a s  f o r  c a t  ion-exchange c a p a c i ty  e x i s t s  a t  th e  A-̂  h o r iz o n .  

Area Y has a  l a r g e r  t o t a l  p r o f i l e  exchange c a p a c i ty  th a n  Area X.

The t o t a l  b a se  c o n te n t  shows no s i g n i f i c a n t  d i f f e r e n c e  between a re a s .  

A s l i g h t l y  l a r g e r  t o t a l  b ase  c o n te n t  is  found in  Area Y. L a rg e s t  in d i ­

v id u a l  d i f f e r e n c e s  a r e  found a t  th e  A2 h o r iz o n .

The p e r c e n t  base  s a t u r a t i o n  shows a l a r g e  t o t a l  p r o f i l e  v a r i a t i o n  

between A rea X and Area Y. This d i f f e r e n c e  is  s i g n i f i c a n t  s t a t i s t i c a l l y  

a t  th e  C-], h o r iz o n .  A c lo s e r  c o r r e l a t i o n  e x i s t s  in  Area X w ith  r e f e re n c e  

to base  s a t u r a t i o n  th an  in  Area Y.
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The g r e a te s t  t o t a l  exchangeable hydrogen is  found in the area o f  

poor h e ig h t grow th. This r ev ea ls  the c lo se  r e la t io n sh ip  o f the pH va lu es  

ob ta in ed  fo r  the same s o i l s ,  s in c e  Area T e x h ib its  a s l ig h t ly  grea ter  

a c id it y  than Area X, when a l l  horizons are averaged.

Thus, a summation o f s ix  rather important s o i l  chemical p ro p er tie s  

by s o i l  horizon  tends to show no outstanding d ir e c t  or s t a t i s t i c a l l y  

s ig n if ic a n t  d if fe r e n c e  between the area o f good h e igh t growth and poor 

h eig h t growth o f t u l ip  p op lar. The data bring out rather v iv id ly  the  

h or izo n a l d if fe r e n c e s ,  p o s s ib le  environm ental fa c to r s  resp o n sib le  fo r  

th ese  v a r ia t io n s , and th e magnitude o f  the complex o f fa c to r s  which 

c o n tr ib u te  to  th ese  d if fe r e n c e s .

As a f u r t h e r  v e r i f i c a t i o n  o f  th e  absence of s t a t i s t i c a l  s ig n i f i c a n c e  

in  th e  above s o i l  p r o p e r t i e s ,  a  p e r u s a l  and summation of in d iv id u a l  

n u t r i e n t  e lem en ts  v j i l l  now be taken  up. An a t tem p t w i l l  be  made to 

r e l a t e  th e  o v e r a l l  m ajor chemical p r o p e r t i e s  to  in d iv id u a l  n u t r i e n t  

s u p p l ie s  of th e  same s o i l s .  This combining and supp lem en ta tion  of a l l  

chemical, p r o p e r t i e s  p r e s e n t s  an i n s i g h t  in to  th e  t o t a l  complex of 

c h em ica l-ed ap h ic  f a c t o r s  in  each a re a .
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Summary of I n d iv id u a l  N u t r ie n t s

A t o t a l  of seven  in d iv id u a l  n u t r i e n t  e lem ents was in v e s t ig a t e d  and 

r e c o rd e d  by h o r iz o n  and t o t a l  p r o f i l e  c o n te n t  f o r  b o th  the  a r e a  o f  good 

and p o o r  h e ig h t  g row th .

R e s u l t s  of t h i s  i n v e s t i g a t i o n  re v e a le d  t h a t  th e  t o t a l  amounts o f  

a l l  n u t r i e n t  e lem ents  d id  n o t  d i f f e r  a p p re c ia b ly  between Area X and 

A rea Y. A p e rc e n ta g e  summation, based  upon p e rc e n t  o f  t o t a l  p r o f i l e ,  

i s  p r e s e n te d  in  Table  1*3- The t o t a l  amount o f  a l l  n u t r i e n t s  was very  

low f o r  b o th  a r e a s :

TABLE ^3.

TOTAL INDIVIDUAL NUTRIENT ELEMENTS EXPRESSED AS A PERCENT 
OF TOTAL PROFILE CONTENT FOR AREA X AND AREA Y

A rea X

P e rc e n t

Area Y

Ca -  3U .5O Ca -  ^U.93

Mg -  2^.65 Mg -  25.1*1

P -  1U.3U E -  IO .5O

K -  12.2S P -  7-90

Na -  7-31 Fe -  5-75

Fe -  U .6S Na -  3 .S3

Mn -  2 . 2b Mn -  1 . 6S

100 .00  fo 100 .00  %

The r e s u l t s  in  Table  *+3 g iv e  the  o rd e r  of magnitude of n u t r i e n t  

e lem en ts  in  Area X a s :  Ca> Mg>P >E  > N a> F e  >Mn. A s l i g h t  v a r i a t i o n  in
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t h i s  o r d e r  e x i s t s  in  Area Y a s i  Ca> Mg> K> P > Fe > Na> Mn. The s t r i k i n g  

s i m i l a r i t y  in  b o th  amount and magnitude o f n u t r i e n t  e lem ents  i s  re v e a le d  

by c o n t r a s t i n g  th e  a r e a  of good and poor h e ig h t  growth* A lthough i t  i s  

n o t  to  be assumed t h a t  th e  t o t a l  amount of n u t r i e n t  p r e s e n t  de term ines  

i t s  a v a i l a b i l i t y  to  the  t r e e ,  th e  f a c t  t h a t  a t  l e a s t  one of th e se  a reas  

i s  e x h i b i t i n g  good h e ig h t  growth is  ev idence  t h a t  th e  t o t a l  amount i s  

s u f f i c i e n t  to  s a t i s f y  th e  t r e e  req u irem en ts  under e x i s t i n g  co n d it io n s*  

Thus, s in c e  th e  two a re a s  a re  so s i m i l a r  in  actua,l c o n ten t  of n u t r i e n t s ,  

i t  may be c o n je c tu re d  t h a t  b o th  a re a s  have s u f f i c i e n t  chem ical n u t r i e n t s  

to  s a t i s f y  t h e i r  t r e e  re q u ire m e n ts .  Hov/ever, in  the  case  of Area Y, 

th e se  r e s u l t s  d i s c l o s e  t h a t  some o th e r  f a c t o r  may be masking th e  n u t r i e n t  

supp ly  as  8, cause f o r  poor h e ig h t  grov/th.

The s t a t i s t i c a l  summary (T ab le  42) o f  a l l  chem ical n u t r i e n t s  under 

i n v e s t i g a t i o n  r e v e a l s  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  occur f o r  phosphorus 

a t  th e  Br, h o r iz o n ,  po tass ium  a t  th e  A^ and h o r iz o n s ,  and sodium a t  

th e  A^ h o r iz o n .  I f  th e  n u t r i e n t  c o n ten t  had been determ ined  by th e  u su a l  

methods of many i n v e s t i g a t o r s ,  on ly  th e  uppermost ho rizons  would have 

shown any d i f f e r e n t i a t i o n .  However, by e x t r a c t i n g  s o i l  samples a t  th e  

n a t u r a l  h o r iz o n  f o r  each p r o f i l e ,  a  c l e a r e r  d ia g n o s is  as to  h o rizo n  

d i f f e r e n t i a t i o n ,  le a c h in g  e f f e c t s ,  p re sen ce  of f i n e  c la y ,  and o rg an ic  

m a t te r  can be f u l f i l l e d .  The im p l ic a t io n  o f  th e se  d i f f e r e n c e s  f o r  

p h o sp h o ru s ,  p o ta ss iu m , and sodium is  n o t  to  be in t e r p r e t e d  d i r e c t l y  in  

terms o f  l i m i t i n g  f a c t o r s .  R a th e r ,  th e  s t a t i s t i c a l  d i f f e r e n c e s  a re  

i n d i c a t i o n s  of su p p lem en ta l f a c t o r s  which l i m i t  a  p a r t i c u l a r  n u t r i e n t  

e lem ent in  any one h o r iz o n .  I f  the  d i f f e r e n c e s  had been extreme in  t h e i r  

m agnitude , i t  would be j u s t i f i a b l e  to su sp ec t  a p o s s ib le  l i m i t i n g  f a c t o r
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table 44 .

A COMPOSITE SIMULATION OF CHMCAL-EDAPHIC CHARACTERISTICS 
BY SOIL HORIZON FOR AREA OF GOOD HEIGHT GROWTH AND AREA 

OF POOR HEIGHT GROWTH OF TULIP POPLAR
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Area X

LAi 5*55 2.35 .125 S .20 .63 7.69 7.57 .3U , 12 .02 .06 .03 .02 .03
a2 5-33 .96 .0U7 6.08 .46 7.64 5.61 .19 .10 .07 .03 .02 .02 .02
b2 5.4o .71 .049 10.64 *5? 4.91 10.12 .20 .11 .09 .OS .01 .04 .00
b3 5.42 •35 —, 3.32 .34 10.20 2.9S .06 .09 .04 .07 .06 .01 .00
°1 5.1S . 28 — 1.44 .22 15. U3 1.22 .02 .OS .03 .04 .02 .02 .00

IIA-i 5.39 1.72 .113 6 .so .52 7.69 6.28 .19 .13 .05 .06 .04 .01 .03
4 5.20 .71 ,0W e.ko • 5U S.U7 5.S6 .22 .13 .10 .03 .03 .03 .00
b2 5.15 .66 .okl 8.40 .72 s . 56 7.6S .29 .13 .11 .10 ,0b .02 .00

5.1U .4-0 —— 4 .os .3s 9.37 3.70 .06 .12 .09 .06 .02 .02 .00
C1 5.40 .28 — 1.60 .32 20.00 1.2S .04 . 12 .05 .04 .o4 .00 .00

A rea I

:i ia -, 5.35 2.6 6 .133 7.72 . s i IO.53 6.91 .53 .14 .03 .03 .02 .01 .04
4 5.16 1.18 .072 10.6s .71 6.61 9.97 .4 i . 12 .05 .06 .01 .05 .00
b2 5.02 .S3 .060 11.88 .S3 6.97 11.05 .47 .14 .04 .11 .02 .05 .00
b7 5.17 •35 —— 1.76 .23 17.17 1.13 .03 .09 .03 .05 .02 .01 .00
Cl 5-42 .35 — .00 . 24 .00 .00 .o4 .09 .05 .03 .01 .00 .00

IVA-, 5-35 1.65 .121 10.96 .45 4.06 10.51 .19 .05 •°? .01 .02 .01

£BP
4.94
4.70

.90

.75
.05U
.055

S .72
S .23

.60

.50
6.92
6.09

3.12
7.77

.32

.17
.14
.13

.05

.04
.04
.07

.02

.04
.04
.05

.00

.00
c . 4.83 .31 6 .Us .31 4.85 6.I6 .04 .13 .04 .05 .02 .02 .01

C3! 5. S2 .14 — s .su .23 2.56 s . 61 .02 .12 .02 .03 .02 .01 .00
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f o r  a  c e r ta , in  n u t r i e n t  e lem en t.  Thus, a  h o r iz o n  d i f f e r e n t i a t i o n  f o r  

n u t r i e n t  su p p ly  i s  im p lied  hy th e s e  r e s u l t s .  Any one element co n s id e red  

p e r  se  i s  o b v io u s ly  n o t th e  one " b e s t 11 c o n d i t io n  f o r  a d i f f e r e n c e  in  

h e ig h t  grow th . The r e s u l t s  o b ta in e d  h e re  a re  in  agreement v ;ith  a  s im i la r  

s tu d y  by Auten (19^5)* Auten found g r e a t  d i f f e r e n c e s  in  the  q u a n t i ty  o f  

r e p la c e a b le  n u t r i e n t s  f o r  s o i l s  on 77 d i f f e r e n t  ye llow  p o p la r  s ta n d s .

The d i f f e r e n c e s  he found in  calc ium  co n ten t  o f  the  h o r iz o n  were no t 

g r e a t  enough to  j u s t i f y  u s in g  calc ium  as  a  c r i t e r i o n  of s i t e  index* No 

r e l a t i o n  co u ld  be d em onstra ted  between magnesium, phosphorus, o r po tass ium  

c o n te n t  of s o i l  and s i t e  index . The r e s u l t s  of the  p r e s e n t  i n v e s t i g a t i o n  

on t u l i p  p o p la r ,  a s  w ith  s e v e r a l  o th e r  s tu d ie s  of t h i s  ty p e ,  conclude 

t h a t  m in e ra l  n u t r i e n t s  a re  e s s e n t i a l  to  growth of t u l i p  p o p la r ,  but in  

th e  s o i l s  examined they  do n o t  occur in  l im i t i n g  amounts. The u t i l i ­

z a t io n  o f  n u t r i e n t s  by t u l i p  p o p la r  depends n o t a lone  on th e  p re sen c e  of 

a  p a r t i c u l a r  amount of an elem ent in  the  s o i l ,  as i t  does upon th e  i n t e ­

g r a t i o n  of o th e r  growth f a c t o r s .  From th e se  r e s u l t s  i t  i s  a p p a ren t  th a t  

u n fa v o ra b le  c o n c e n t r a t io n s  o f  in d iv id u a l  chem ical elem ents do no t e x i s t  

as  a  l i m i t i n g  f a c t o r ,  u n le s s  masked by th e  p re sen ce  of some f a c t o r  no t 

i n v e s t i g a t e d .

I n  a p p r a i s in g  th e  va lu e  o f  th e  p r e s e n t  chem ical i n v e s t i g a t i o n s ,  

v a r io u s  l i m i t a t i o n s  a r e  imposed upon th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s .

For t h i s  s tu d y ,  i t  i s  s u f f i c i e n t  to i n t e r p r e t  the  r e s u l t s  in com parative 

terms between two opposing s i t e s  f o r  t u l i p  p o p la r  and to r e l a t e  th e se  

d i f f e r e n c e s  to  o th e r  s i t e  and h a b i t a t  f a c t o r s .  For a complete i n t e r p r e ­

t a t i o n  o f  r e s u l t s  o b ta in e d  h e re ,  more knowledge concerning  the  s o i l  

f e r t i l i t y  l e v e l  of t u l i p  p o p la r  and i t s  co rre sp o n d in g  s i t e  q u a l i ty  would
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have to  he known. No such d e t a i l e d  chem ical knowledge has "been r e f in e d  

in  r e c e n t  i n v e s t i g a t i o n s .

In  c o n c lu s io n ,  th e  i n v e s t i g a t i o n  of fo u r te e n  in d iv id u a l  s o i l  chemical 

p r o p e r t i e s  in  th e  a r e a  o f  good and poor h e ig h t  growth of t u l i p  p o p la r ,  

r e v e a l  no o u ts ta n d in g  d i r e c t  o r  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

which a r e  i n d i v i d u a l l y  c o n t r i b u t in g  to  a  h e ig h t  growth d i f f e r e n t i a l .

The manner in  which th e  n u t r i e n t  e lem ents  a re  r e l a t e d  to  th e  

p h y s i c a l ,  c l i m a t i c ,  and b io l o g i c a l  p r o p e r t i e s  of th e  same s o i l  types  

w i l l  be p r e s e n te d  in  th e  in te g r a te d  summary of a l l  f a c to r s  a f f e c t i n g  

th e  h e ig h t  g row th  of t u l i p  p o p la r .
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FIELD-PLANTATIOH EXPERIMENTS

G-rowth Hate of Tulip Poplar 

Stem A nalysis

In order to  ob ta in  some estim a te  o f the growth o f tu lip  p op lar, 

se v e r a l tr e e s  r e p r e se n ta tiv e  o f both  good and poor h eigh t growth, were 

f e l l e d  and s e c t io n e d . By th is  method, the in v e s t ig a to r  was ab le  to 

determ ine to  what ex ten t the ex tern a l fa c to r s  o f  s i t e  were co n tr ib u tin g  

to the growth o f in d iv id u a l t r e e s ,  as expressed by heigh t and r a d ia l  

growth. A com plete stem a n a ly s is  o f each tree  was undertaken by recording  

the h e ig h t and diam eter growth a t the stump and at o n e-fo o t s e c t io n s  

along the stem . Prom th ese  data , curves o f h e igh t aga in st d iam eter, h eigh t  

a g a in st age in  y e a r s , diam eter a g a in st age, and growth ra te s  were obtained . 

These curves rep resen t a graphic exp ression  o f growth by r e la t in g  d if f e r ­

ences in  h e ig h t and diam eter fo r  two d if fe r e n t  s i t e s ,  Area X and Area T. 

R adial growth was measured fo r  each o n e-fo o t s e c t io n  up the stem by 

record in g  the width o f annual r in g  along a maximum and minimum ra d iu s, 

u sin g  an ocu lar micrometer and m icroscope. By th is  method i t  was p o s s ib le  

to  determ ine corresponding ra tes  o f  h eigh t and diam eter growth fo r  each 

area a t a p a r t ic u la r  y ea r , and thus recon stru ct the mean annual growth 

of th e tree*  By combining th ese  data w ith  the growing season p r e c ip ita t io n ,  

i t  i s  p o s s ib le  to  a sc e r ta in  w ith in  l im it s ,  the e f f e c t  o f p r e c ip ita t io n  upon 

h eigh t and diam eter growth. I t  was not n ecessary  to  obtain  a measure of 

the volume growth o f the tr e e  s in c e  th e present study is  p rim arily  con­

cerned w ith  the e f f e c t  o f s i t e  upon tree  growth. For a s in g le  s p e c ie s ,  

such as t u l ip  p o p la r , v a r ia t io n  in  h e igh t growth due to v a r ia tio n s  in  the
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s i t e  f a c t o r s  a r e  fo und  to  be c lo s e l y  c o r r e l a t e d  w ith  v a r i a t i o n s  in  h e ig h t

and d ia m e te r  grov/th . Thus, h e ig h t  grov/th becomes a  u s e f u l  to o l  a s  an

index  o f  s i t e .

The cu rves  which fo l lo w  g iv e  g rap h ic  e x p re s s io n  of the  d i f f e r e n c e  

in  s i t e  due to  c l im a t i c  and edaphic  f a c t o r s .  S ince  a l l  t r e e s  a r e  o f  th e  

same age and d e n s i t y ,  th e se  two v a r i a b l e s  a re  c o n s ta n t  f o r  b o th  s i t e s .

This f a c t  le n d s  added v a l i d i t y  to  th e  r a t h e r  d i r e c t  c o r r e l a t i o n  o f  h e ig h t

and d ia m e te r  grovrth to  th e  e f f e c t s  o f  th e  growing season  p r e c i p i t a t i o n .

S easonal Course o f  H eight G-rowth

S e v e ra l  te rm in a l  b ranches  o f  t r e e s  in  Area X and Area Y were marked 

w ith  a  c rayon  in  A p r i l  1952, p r i o r  to  th e  brealring of dormancy. At 

s u c c e s s iv e  i n t e r v a l s  th roughou t th e  growing seaso n , th e  r a t e  of growth 

was measured in  o rd e r  to  de term ine  th e  e f f e c t i v e  seasoned r a t e  of grov/th* 

The r e s u l t s  of th e se  measurements showed th a t  the  e f f e c t i v e  h e ig h t  growth 

f o r  t h i s  s p e c ie s  o c cu r red  between th e  d a te s  A p r i l  IS ,  1952 to  August 1, 

1952. P r a c t i c a l l y  no h e ig h t  grow th o ccu rred  in  e i t h e r  a r e a  a f t e r  

August 1 , 1952. This in fo rm a t io n  r e v e a le d  t h a t  c l im a t i c  and edaphic  

f a c t o r s  o p e ra te  most e f f e c t i v e l y  on h e ig h t  growth between th e  above d a te s  

f o r  th e  1952 growing season . A p e r io d  o f  105 days was th e  e f f e c t i v e  

growth p e r io d  f o r  t h i s  s p e c ie s  under th e  c l im a t i c  c o n d i t io n s  of the  e x p e r i ­

m enta l a r e a .  S ince r e p l i c a t i o n  o f  the  s e a so n a l  cou rse  o f  h e ig h t  growth f o r  

s e v e r a l  y e a r s  i s  needed , i t  i s  im possib le  to  app ly  th e  above d a ta  to 

p re v io u s  o r  l a t e r  s e a so n a l  grovrth y e a r s .  More d a ta  a re  needed , perhaps  

t h r e e  to  f i v e  growing season a v e ra g e s ,  b e fo re  any approxim ate  average  

growing seaso n  p e r io d  can be de te rm ined  f o r  t h i s  a r e a .
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COMPLETE STEM ANALYSIS POE TULIP PQPLAE ON A GOOD SITE
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Area X (Good h eigh t grov/th)

Cross s e c t io n  number d .o .h . d . i .h . Number o f Bark
and h e ig h t in  f e e t  
from ground l e v e l

(Tenth inches) Eings Thickness

1 6.02 5.62 15 .40
2 5.72 5J2 i4 .40
3 5 JO 5*29 14 .41
4 5 . 4o 4.93 13 .47
5 5.27 4.S6 13 .41
6 5.20 4.so 12 .40
7 5*07 4.73 12 .34
8 5.00 4.70 12 .30
9 4.87 4.6o 12 .27

10 4.77 4.50 11 .27
11 4.70 4.4o 11 .30
12 4.70 4.4o 11 .30
13 4.50 4.20 11 .30
14 4.4o 4.10 10 .30
15 4.4o 4.17 10 •2?16 4.17 3.93 10 .24
17 4.00 3J5 10 *25
IS 4.03 3 .SO 9 .23
19 3-90 3.65 9 .25
20 3*90 3.60 9 .30
21 3.60 3 .4o 8 .20
22 3.50 3.30 8 .20

2? 3.50 3-32 8 .18
24 3*50 3*35 8 *15
25 3.20 3.00 7 .20
26 2.97 2.80 7 .17
27 2.95 2.80 7 .15
2S 2.70 2.55 7 .15
29 2.60 2.45 6 .15
30 2.47 2.30 6 .16
31 2.25 2 .10 6 .15
32 2.20 2.03 6 .17
33 2.27 2 .12 5 .15
34 1.85 1.73 5 .12
35 1.65 1.55 5 .10
36 1.55 1 .4o 4 .15
37 1.32 1.20 4 .12
38 1.10 1.00 4 .10
39 1.00 .90 3 .10
40 .90 .80 3 .10
4l .52 .49 3 .03
42 .50 .47 2 .03
43 .3 0 .27 2 *03
44 .29 .26 2 .0 3

T ota l H eight 44 ’ 1"
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TABLE H6.

COMPLETE ST M  ANALYSIS TOR TULIP POPLAR ON A POOR SITE

Area Y (Poor h e ig h t  growth)

Gross s e c t i o n  number d .o .b .  d . i . b ,  Number o f  Bark
and h e ig h t  in  f e e t  
from ground l e v e l

(T enth  inches) Rings Thickness

Ground l e v e l 5.63 U.90 •73
1 M 5 3 .SO 14 • 55
2 If-.IO 3.65 13 .H5
} 3.60 3.25 12 -35
4 3-25 3.00 11 .25
5 3.00 2.60 11 -Ho
6 2.93 2.65 11 .28
7 2.70 2.52 10 .18
g 2.67 2.H0 10 .27
9 2.30 2.10 9 .20

10 2.25 2.00 9 .25
11 1.80 1.62 s .18
12 1.57 l.Uo 8 .17
13 l.HS 1.35 7 .13
Ik 1.39 1.23 6 .16
15 1.10 1.00 6 .10
16 .93 .S3 5 .08
17 .60 .55 k .05
18 .HO k .05
19 .*3 .38 3 .05
20 .20 .16 2 .oH

T o ta l  H eigh t 2 0 1 5"

I n t e r p r e t a t i o n  of R e s u l ts  

A lthough  th e  c u rv e s  and g ra p h ic  m a te r ia l  which fo l lo w  a r e  in  some 

r e s p e c t s  s e l f - e x p l a n a t o r y ,  f u r t h e r  e lu c i d a t io n  of th e se  r e s u l t s  w i l l  be 

g iv en  in  terms o f s i t e  q u a l i t y  i n t e r p r e t a t i o n .

F ig u re  22: The curve o f h e ig h t  a g a in s t  d ia m e te r  b r e a s t  h ig h  ( d .b .h . )

e x p re s se s  th e  r e l a t i o n  between h e ig h t  and d iam eter  f o r  two s i t e s ,  Area X 

and A rea  Y. The a r e a  o f  good h e ig h t  growth (Area X) fo l lo w s  th e  general.
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45
CURVES SHOWING RELATIONSHIP BETWEEN 
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sigm oid  type  o f  g row th , w hereas , Area Y d e p a r ts  from t h i s  type  cu rv e .  

Th is  d i f f e r e n c e  in  form o f  cu rv e  f o r  th e  two s i t e s  invo lved  i s  a r a t h e r  

d i r e c t  e x p re s s io n  o f  edaphic  and c l im a t i c  f a c t o r s  c o n t r o l l i n g  the  grov/th 

o f  in d iv id u a l  t r e e s .  The cu rve  f o r  Area X e x h ib i t s  a  r a t h e r  r a p id  

i n i t i a l  g row th  in  r e g a r d  to  h e ig h t  a t  th e  expense of d ia m e te r  grov/th; 

t h i s  a c c e l e r a t i o n  in  h e ig h t  i s  in c re a s e d  d u r in g  the  grand p e r io d  of 

grow th  and th en  t a p e r s  o f f  s l i g h t l y ,  b u t  s t i l l  growing a t  a  r a p id  r a t e  

in  h e i g h t .  A rea Y e x h i b i t s  a  v e ry  slow i n i t i a l  h e ig h t  grov/th and the  

cu rve  d e p a r t s  from th e  sigm oid form .

F ig u r e  23! The cu rves  o f h e ig h t  g row th  a g a in s t  age in d i c a t e  the  

r a t e  o f  h e ig h t  grow th th ro u g h o u t a  13- y e a r  p e r io d ,  as v;ell as h e ig h t  in  

any one p a r t i c u l a r  y e a r .  The t r e e s  in  Area X show a marked c o n ca v i ty  in 

t h e i r  i n i t i a l  h e ig h t  grov/th and th en  t a p e r  o f f  g r a d u a l ly  towards th e  

convex type  o f  g row th  in  th e  g rand  p e r io d  of grov/th. Area Y e x h ib i t s  

l e s s  c o n c a v i ty  in  th e  i n i t i a l  p e r io d  o f h e ig h t  growth and then  shows 

marked c o n v ex i ty  a t  an e a r ly  s ta g e  o f h e ig h t  grov/th. This i n d ic a te s  t h a t  

the  t r e e s  in  Area Y a re  growing a t  a  s low er r a t e  o f  h e ig h t  grov/th than  

t r e e s  in  Area X. The cu rves  d i s c l o s e  t h a t  Area Y is  11 immature11 in  i t s  

in h e re n t  grov/th p a t t e r n  and t r e e s  in  t h i s  a r e a  a re  n o t re a ch in g  the  

d e s i r e d  h e ig h t  in h e re n t  in  th e  grow th p a t t e r n  f o r  t u l i p  p o p la r .

F ig u re  2*+: The g ra p h ic  e x p re s s io n  of th e  r a t e  of annual h e ig h t

growth f o r  b o th  s i t e s  i s  g iv e n  in  t h i s  c h a r t .  The p a t t e r n  o f  grov/th 

f u r t h e r  e l a b o r a t e s  upon the  f i n d in g s  shown in  F ig u re  23 . Thus, a 

r e c o n s t r u c t i o n  of th e  h e ig h t  grow th  r a t e  f o r  any one y e a r  o r  p e r io d  o f 

y e a r s  i s  p r e s e n te d  in  t h i s  g rap h .
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F ig u re  251 The d i f f e r e n c e  in  th e  annual r a t e  and e x te n t  o f  r a d i a l  

grow th  by y e a r s  i s  p r e s e n te d  in  t h i s  f ig u re *  A gain, Area X e x h ib i t s  the  

u s u a l  s igm oid  ty p e  of r a d i a l  grow th ; Area Y fo l lo w s  th e  p a t t e r n  o f  "open 

grov/th11 t r e e  d ia m e te r ,  w i th  a  c o n s ta n t  in c re a s e  in  r a d i a l  th ic k n e s s  a t  

th e  expense of h e ig h t  grovrth. I t  i s  s i g n i f i c a n t  to n o te  th e  c o n c a v i ty  

of th e  cu rve  f o r  Area Y. T his  r a t h e r  " u n n a tu r a l11 in h e re n t  tendency  f o r  

grov7th of t u l i p  p o p la r  connotes  a  d i r e c t  e x p re s s io n  of u n fa v o ra b le  s i t e  

q u a l i t y ,  v/hen c o n t r a s t e d  to  Area X. I t  a lso  s i g n i f i e s  t h a t  d iam e te r  

grov/th i s  n o t  in  p r o p o r t io n  to  h e ig h t  grov/th f o r  Area Y, an a d d i t i o n a l  

e x p re s s io n  o f  s i t e  q u a l i t y .

F ig u re  2 6 : This g raph  i s  analogous to  th o se  o f  h e ig h t  grovrth in

F ig u re  2^ .  D iam eter grov/th f o r  c o n t r a s t e d  Area X and Area Y e x h ib i t s  

g r e a t e s t  d iv e rg e n ce  d u r in g  th e  somewhat c r i t i c a l  s ta g e s  o f  s e e d l in g  

development ( 19^6 to  19^ 8 ) .

F ig u re  27 i The curve showing th e  e f f e c t  o f  s i t e  q u a l i t y  upon ba rk  

th ic k n e s s  f o r  b o th  a re a s  i s  f u r t h e r  ev idence  o f  th e  e f f e c t  of e x te r n a l  

f a c t o r s  c o n t r o l l i n g  th e  growth form o f  th e  t re e*  In  Area Y, th e  bark  

th ic k n e s s  i s  g r e a t e r  a t  th e  lower p o r t i o n  o f  th e  b o le  than  in  Area X. 

S ince  the  t r e e s  o f  b o th  a re a s  a re  o f  th e  same age and d e n s i t y ,  th e  b a rk  

th ic k n e s s  r e v e a l s  a  re sp o n se  to  env ironm enta l  f a c t o r s  o f  th e  s i t e .  The 

ba rk  o f  t u l i p  p o p la r  i s  t h i n ,  and thus  i t s  th ic k n e s s  e x h ib i t s  a  d i r e c t  

re sp o n se  to  i n t e r n a l  f a c t o r s .  The marked in c re a s e  in ba rk  th ic k n e s s  in  

th e  i n i t i a l  s ta g e s  o f  growth in  Area Y as compared to  Area X, i s  ev idence 

of th e  d e v ia t io n  from norm al, in h e re n t  grov/th of t u l i p  p o p la r .

G e n e ra l ly ,  f o r e s t  t r e e s  which a t t a i n  t h e i r  maximum development on 

s i t e s  haying an abundance of a v a i l a b l e  s o i l  m o is tu re  p o sse ss  t h in n e r  ba rk
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than tr e e s  on s i t e s  o f low a v a ila b le  m oistu re . Thus, a s tr u c tu r a l  

v a r ia t io n  a t the base o f the tr e e s  in  Area Y, as ex h ib ited  by grea ter  

development o f v a scu la r  and sclerenchym a t i s s u e ,  i s  a v a r ia tio n  which 

adapts i t s e l f  to r e g u la tio n  o f water lo s s  through tr a n sp ir a tio n . This 

ad ap tation  i s  in d ic a t iv e  o f the p h y s io lo g ic a l "dryness" of the s i t e  

in  Area Y. The form ation  o f g rea ter  amounts o f  cork and bark t is s u e  

on the tr e e s  o f the d r ie r  s i t e  serv es  as an e f f e c t iv e  check on the lo s s  

of water from th e main a x is  and branches o f th ese  tr e e s . In Area X, 

the tr a n sp ir a tio n  appears to be optimum fo r  the s i t e  as evidenced by 

the normal taper o f the bark and stem . Thus, the ex tern a l fa c to r  of 

bark th ick n e ss  as r e la te d  to tr a n sp ir a tio n  and w a .ter -lo ss , i s  in d ica­

t iv e  o f the b e tte r  s o il-m o is tu r e  r e la t io n sh ip  in  Area X.



The E f f e c t  o f  Growing Season P r e c i p i t a t i o n  and Temperature on 

H e igh t and D iam eter Growth of T u l ip  P o p la r  f o r  a  11-Year P e r io d

P r e c i p i t a t  ion

Having s tu d ie d  th e  g e n e ra l  e f f e c t s  of c l im a te  and o th e r  s i t e  fa .c to rs  

upon th e  g row th  form of t u l i p  p o p la r  by means of a  complete stem a n a l y s i s ,  

an i n v e s t i g a t i o n  was conducted to a s c e r t a i n  the  p o s s ib le  e f f e c t s  o f  

growing sea so n  p r e c i p i t a t i o n  and te m p e ra tu re  on h e ig h t  and rad ia l ,  g row th. 

P r e c i p i t a t i o n  and te m p e ra tu re  d a ta  were o b ta in e d  f o r  th e  growing season 

f o r  th e  y e a r s  1939-1951* S ince  th e  y e a r s  193^* 1939i and 19*+0 were 

c r i t i c a l  f o r  e s ta b l i s h m e n t  of th e  young s e e d l in g s ,  th e se  y ea rs  were 

o m it te d  from th e  d a ta  and on ly  th e  p e r io d  19^ 1-1951  was c o n s id e re d  in  

r e l a t i o n  to  growth* The e f f e c t  o f  th e  p re v io u s  y e a r ’s p r e c i p i t a t i o n  upon 

h e ig h t  grow th  was n o t  in v e s t i g a t e d .

The growing season  f o r  Cass County, M ichigan, i s  co n s id e re d  to  be 

from May 6 to  O ctober 15 in c lu s iv e  (162  d a y s ) . The p e r io d  between th e se  

d a te s  was th u s  in c lu d e d  in  r e l a t i n g  p r e c i p i t a t i o n  and tem p e ra tu re  to  

h e ig h t  and r a d i a l  grow th  o f  t u l i p  p o p l a r .  A t a b u l a t i o n  of the  growing 

season  p r e c i p i t a t i o n  and tem p era tu re  f o r  the  y e a rs  1939-1951  was o b ta in e d  

from th e  U. S. Department o f  Commerce and is  p re s e n te d  in  Table  h7* From 

th e s e  d a t a  i t  i s  p o s s i b l e  to  observe  th e  f l u c t u a t i o n  in  growing season  

p r e c i p i t a t i o n  and te m p e ra tu re  f o r  th e  ex p er im en ta l  a r e a  f o r  th e  p e r io d  

19^1-1951. In  th e  v i c i n i t y  of Dowagiac, M ichigan, th e  g r e a t e s t  p r e c i p i ­

t a t i o n  o ccu rs  d u r in g  May and Ju n e ,  w hile  the  "d ry 11 p e r io d  is  u s u a l ly  in 

J u ly  and A ugust. This  s e a so n a l  d i s t r i b u t i o n  of r a i n f a l l  i s  r a t h e r  d e f i ­

n i t e l y  a s s o c i a t e d  w ith  th e  growth and s u r v iv a l  of t u l i p  p o p la r  p l a n t a t i o n s
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A TABULATION OF THE GROWING SEASON PRECIPITATION FOR TULIP POPLAR (1939-51)
S t a t i o n  -  Dowagiac, Michigan *

Year

19̂
Ui
U2
*+3
UU

U6
U7
Us
1+9
50

1951

Mean

May June J u ly August

R a i n f a l l

September 

in  inches

October T o ta l  
6 months

T o ta l
Annual

l.lU\ 6 .0 S U.oU 7.^3 .7 8 2 .7 9 22.26 3 7 .2U
M 3 5.7S .76 6 . 7k .7 8 2 .5 9 21.1S 35 .952.89 3*87 2.63 1*97 2.86 12.76 26 .9 8 U0.053.US 2.U3 3 . 9 0 6.23 2 .7 5 2.35 21. lU 37 .7112.3s 5.2s U.5U 3.60 2.91 1 .7 6 3 0 . U7 U6.27U.iUS' _ _ 1 . 3^ 1 .8 7 2 .2 7 2.60 1 5 .77 2 8 .7 26.00 3 ^ 3 2.22 5 .3 9 2.17 2 3 .70 36.38
3 . 7 6 3 .7 7 .63 l.6s U.90 3.U6 18 .20 30 .296.27 6.33 2.62 2.19 3 .9 5 • 7U 22.10 39 .586.55 3.86 2.32 2.22 2 .89 1.03 1 8 .8 7 3U.3O6.5U 6-37 3.U0 2.70 2 .7 5 3*31 25.15 36.6S1.8U 9 .uU 5.U2 .lU L.26 .71 21 .81 U3.27U.13 2 .73 3 . 5 6 U.20 6.35 U.22 25 .19 U2.02

63.65 63.9s 3 8 .5 9 3̂*27 U2.SU U0.U9 292.82
U.S9 U.92 2 .9 7 3*33 3 .2 9 3 .11 22 .53

Average o f  37 y e a r s  ~ 3^*77 inches  o f  annual p r e c i p i t a t i o n .
Growing seaso n  f o r  Cass County, M ichigan = 162 days (May 6 -  O ctober 15 )

A TABULATION OF THE GROWING SEASON TEMPERATURE FOR TULIP POPLAR (1939-51)
S ta t io n  -  Dowagiac, Michigan *

Year
May June J u ly August September 

Degrees F a h re n h e i t

O ctober Mean 
6 months

Mean
Annual

1939 — 7 1 .7 7 1 .9 71.u 67.6 5U.U 67.u —

uo 5U.8 6S. 2 72.S 72.0 61.6 5U.2 63 .9 ^ 7 .3
Ul 61.6 69.2 72 .5 71.0 65.8 5 5 .u 65.9 50.7
U2 5 9 .2 6 S .U 71.8 6s.U 60.9 51.6 63.U HS.6
^3 5U.5 71.3 73*0 72.2 5 9 .7 50.0 63.5 ^7 .5
UU 61.S 69.7 71.6 71.8 65.2 U9 .5 6U.9 9̂ - 3
U5 5 3 .0 6L.7 72.0 71.8 66.1 51.8 63.2 U9.6
U6 5U.1 68.0 7U.7 67.6 6U.U 56.6 6U.2 -----

U7 5 3 -U 6U.0 70.S 81.8 6U.U 61.7 66.0 -----

Us 5U.6 65.U 73 .5 7U.1 67 .3 Us.7 63.9 US.8
U9 63.6 71.6 76.3 71 .5 58.6 56.1 6 6 .2 —

50 62.1 68.0 70.2 69.2 6U.0 56 .5 65.0 US.9
1951 61 .9 68.8 72 .9 6 7 .7 60.6 5U.6 6U.U us.7
T o ta l 639.8 7U9.1 799*3 787 .1 697 .0 59 2 .5 710.6

Mean 58.1 68.1 72.6 71 .5 830 5 3 .8 6U.6

* U.S. Department o f  Commerce, Weather Bureau 
E ast L a n s in g , Michigan
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in  th e  v i c i n i t y  o f  s o u th e rn  M ichigan , The manner in  which p r e c i p i t a t i o n  

a f f e c t s  th e  h e ig h t  and r a d i a l  grow th of t h i s  p l a n t a t i o n  w i l l  now he 

c o n s id e re d .

By u se  o f  th e  c o r r e l a t i o n  c o e f f i c i e n t ,  in  c o n ju n c t io n  w ith  

g r a p h ic a l  i n t e r p r e t a t i o n ,  i t  was p o s s ib l e  to dem onstra te  the  e f f e c t  of 

growing season  p r e c i p i t a t i o n  on th e  h e ig h t  and r a d i a l  grov/th o f  t u l i p  

p o p la r .  This ty p e  o f  c o r r e l a t i o n  i s  used  to  measure th e  dependency o f  

one o b s e r v a t io n  on a n o th e r ;  th e  v a lu e  o f  r  cannot exceed 1 .0 ,  and a  u n i t  

in c r e a s e  o r  d e c re a se  in  one o b s e rv a t io n  w i l l  cause  a  co rrespond ing  change 

in  th e  o th e r  o b s e r v a t io n .

From th e  com plete  stem a n a l y s i s ,  v a lu e s  f o r  th e  accum ula tive  r a d i a l  

and h e ig h t  grow th were o b ta in e d  f o r  Area X and Area Y (T able  ^ 8 ) .  Each of 

th e se  e x p re s s io n s  o f  s i t e  were p l o t t e d  a g a in s t  th e  growing season  p r e c ip ­

i t a t i o n  f o r  a  1 1 -y e a r  p e r io d .  From the  same d a ta ,  th e  c o r r e l a t i o n  

c o e f f i c i e n t s  were d e r iv e d  in  o rd e r  to  g iv e  a  m athem atica l e x p re s s io n  of 

th e  g ra p h ic  d a ta .

11. The fo rm u la  f o r  th e  c o r r e l a t i o n  c o e f f i c i e n t  i s :

(sum x) (sum z)
sum xz -  -------------— —---------

n

~ p (sum x )2 p (sum z ) 2sum x - sum z -
n n

*

where: r  = c o r r e l a t i o n  c o e f f i c i e n t
x -  h e ig h t  o r  d iam e te r  growth 
z = p r e c i p i t a t i o n  o r  tem p era tu re  
n s  number of o b s e rv a t io n s
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R e s u l ts

The h e ig h t  grow th  o f  t u l i p  p o p la r  in  b o th  Area X and Area T i s  ve ry  

c l o s e l y  c o r r e l a t e d  to  the  growing season p r e c i p i t a t i o n  as shown in 

F ig u re  28* The accu m u la tiv e  h e ig h t  growth and accum ula tive  growing 

season  p r e c i p i t a t i o n  were used f o r  t h i s  c o r r e la t io n *  This dependency 

of h e ig h t  growth on p r e c i p i t a t i o n  in  "both a re a s  i s  f u r t h e r  v a l id a t e d  

"by an r  v a lu e  of *989 f o r  Area X and a v a lu e  of .993 f ° r  Area Y. However, 

i t  i s  s i g n i f i c a n t  to n o te  t h a t  the  curve  f o r  Area Y d e v ia te s  r a t h e r  

s h a r p ly  from t h a t  of Area X. Thus, i t  can he concluded th a t  a lthough  

h o th  a r e a s  a re  l i n e a r l y  dependent upon growing season  p r e c i p i t a t i o n ,

Area Y is  n o t  as e f f e c t i v e  in  i t s  u t i l i z a t i o n  of r a i n f a l l  as Area X, as 

ev idenced  by a s low er grow th r a te *  This i s  f u r t h e r  p ro o f  of th e  f a c t  

t h a t  o th e r  f a c t o r s  such as e v a p o ra t io n ,  r e l a t i v e  hum id ity  and s o i l -  

m o is tu re  r e l a t i o n s  a r e  supp lem en ta l to th e  r e s u l t i n g  poor h e ig h t  growth 

of A rea  Y. S ince  th e  w a te r -h o ld in g  c a p a c i ty  of Area Y i s  s i g n i f i c a n t l y  

g r e a t e r  th a n  t h a t  of Area X, i t  i s  re a so n a b le  to  assume th a t  as th e  

m o is tu re -h o ld in g  c a p a c i ty  of the  s o i l s  d e c r e a s e s ,  th e r e  i s  an ap paren t 

dependency o f in c re a s e d  h e ig h t  growth upon p r e c i p i t a t i o n  o f  th e  growing 

season* This c o n c lu s io n  i s  in  acco rd  w ith  th e  f a c t  t h a t  t u l i p  p o p la r  i s  

a t r e e  r e q u i r i n g  n e i t h e r  e x ce ss iv e  nor d roughty  s o i l - m o is tu r e  c o n d i t io n s ,  

f o r  i t s  b e s t  h e ig h t  growth*

As w ith  h e ig h t  g row th , th e  accum ula tive  r a d i a l  growth of t u l i p  

p o p la r  i s  c l o s e l y  c o r r e l a t e d  to  th e  accum ula tive  growing season  p r e c i p i ­

t a t i o n  as  shown in  F ig u re  29- T his  dependency o f  r a d i a l  growth to  

p r e c i p i t a , t i o n  i s  v a l i d a t e d  by a c o r r e l a t i o n  c o e f f i c i e n t  of *979 

Area X and an r  v a lu e  of *710 f o r  Area Y. The lower va lue  f o r  Area Y
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Fig• 29.

THE EFFECT OF ACCUMULATIVE GROWING SEASON

PRECIPITATION ON THE RADIAL GROWTH OF TULIP POPLAR
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i n d i c a t e s  t h a t  d ia m e te r  growth i s  l e s s  h ig h ly  c o r r e l a t e d  to  p r e c i p i t a t i o n  

th a n  h e ig h t  g ro w th .  A lthough th e  s ta n d a rd  d e v ia t io n  of the  c o r r e l a t i o n  

c o e f f i c i e n t  g iv e s  a v a lu e  o f on ly  1 .2  (which i s  no t a s i g n i f i c a n t  d i f f e r ­

ence) , i f  a  g r e a t e r  number of o b se rv a t io n s  had been ma.de, a  s i g n i f i c a n c e  

may have been found . N e v e r th e le s s ,  th e  d a ta  o b ta in e d  h e re  in d i c a t e  t h a t  

A rea I  i s  l e s s  e f f e c t i v e  in  u t i l i z i n g  p r e c i p i t a t i o n  of th e  growing season  

th a n  A rea X, These f i n d in g s  a re  in  accord  w ith  th e  in h e re n t  growth 

p a t t e r n  f o r  t u l i p  p o p la r  as a f f e c t e d  by o th e r  s i t e  fa .c to rs  in  c o n ju n c t io n  

w i th  r a i n f a l l .

In  o rd e r  to ex p re ss  more v i v i d l y  th e  e f f e c t s  o f  growing season  

p r e c i p i t a t i o n  on r a d i a l  grow th , a  curve was c o n s t r u c te d  to  show the  

c o r re sp o n d in g  r i s e  and f a l l  o f annua.l p r e c i p i t a t i o n  w ith  th e  in c re a s e  

and d e c re a se  of r a d i a l  growth* This  r e l a t i o n s h i p  i s  p re s e n te d  in F ig u re  JO* 

For t h i s  c u rv e ,  th e  av erag e  monthly growing season  p r e c i p i t a t i o n  i s  

p l o t t e d  a g a in s t  th e  r a d i a l  growth of Area X and Area Y. The e f f e c t s  of 

p r e c i p i t a t i o n  on r a d i a l  growth a re  r a t h e r  s t r i k i n g  between th e  years  

19^2-19^8. From I 9U8 to  195! c o r r e l a t i o n  does n o t  seem to  be as c lo s e ;  

i t  i s  su rm ised  t h a t  p o s s i b l e  crown c lo s u re  and t r e e  co m p e t i t io n  may be 

coming more c r i t i c a l  as th e  t r e e s  g e t  o ld e r .

The a n a ly s i s  o f  r i n g  w id th  and h e ig h t  as shown in  Table *4-8 b r in g s  

out some i n t e r e s t i n g  f a c t s :

1 . Both Area X and Area Y show most marked c o r r e l a t i o n  between 

w id th  o f  annual r i n g  and p r e c i p i t a t i o n  in  the  y ea rs  19^1-19^3•

2 . No d i r e c t  c o r r e l a t i o n  e x i s t s  between r a d i a l  o r  h e ig h t  growth 

and t o t a l  annual p r e c i p i t a t i o n  in e i t h e r  Area X or Area Y.

This f a c t  f u r t h e r  v a l i d a t e s  th e  dependency of h e ig h t  and 

d iam e te r  growth upon growing season  p r e c i p i t a t i o n .
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TABLE 43.

RELATIONSHIP BETWEEN GROWING SEASON PRECIPITATION AND GROWTH OP TULIP
POPLAR FOR AREA X AND AREA Y

(19^1-51)

R ad ia l Growth He ig h t Growth
(T enth  inches) (Feet)

Inches Accumu­ Accumu-
P r e c i p i t a t i o n Avg . w id th l a t i v e Avg. annual l a t  ive

Growing Accumu­ annual r i n g Growth h e ig h t  growth Growth

Year Season l a t i v e X Y X Y X Y X Y

19^1 26.9S 27 .235 .05 .235 .05 3 .0 1 .0 0 3 .0 1 .0 0
42 2 1 . l 4 4s .360 .23 .600 .280 k.O 2 .0 0 7 .0 8 .00
^3 30 M 79 .365 .235 .960 .515 k.Q 2 .50 1 1 .0 5.50
44 15-77 9k .2k .195 1 .200 .710 3.5 2 .0 0 14.5 7 .50
4 '3 2 3 .7 0 118 .265 .13 1.465 .840 3 .5 2 .0 0 18.0 9 .50
46 i s .  20 136 .135 .065 1 .600 .905 4 .0 1 .50 22 .0 11 .00
^7 2 2 .1 0 15S .22 .125 1.820 1 .030 k.O 1 .5 0 26 .0 12 .50
4s 18.87 177 .16 .12 1.9S0 1.150 3 .5 1 .5 0 29.5 14.00
^9 25.15 202 .125 .0S5 2 .105 1.235 3 .0 1 .50 32.5 15.50
30 2 1 . SI 224 .11 .075 2.215 1 .3 1 0 3 .0 1 .5 0 35.5 17 .00

1951 25.19 2^9 .10 .05 2 .315 I .360 3 .0 1 .0 0 38.5 18.00

2 ^ 9 .3S 2.315 1 .3 6 0 3S.5 18.00 T o ta l

2 2 .67 .210 .120 3 .5 1 .60 Mean

3* No d i r e c t  c o r r e l a t i o n  appears  to  e x i s t  Between w id th  o f  annual

r i n g  o r  h e ig h t  grow th and th e  t o t a l  w in te r  p r e c i p i t a t i o n  in  

e i t h e r  a r e a .

4 .  The h ig h e s t  p r e c i p i t a t i o n  reco rd ed  f o r  any one y e a r  th roughou t

th e  growing season occurreo. in  19^3 * C o rre sp o n d in g ly , t h i s  

same y e a r  shows the  g r e a t e s t  r in g  w id th  f o r  "both Area X and 

Area Y. A lso , 19^3 e x h ib i t s  the  g r e a t e s t  p r e c i p i t a t i o n  

d e p a r tu re  from normal than  any o th e r  year f o r  the  1 1 -y ea r  

pe riod*
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5 * The h ig h es t  growing season p r e c ip ita t io n  to t a l  recorded fo r  

any th ree  con secu tiv e  years occurred in 19^1-19^2-19^3, a 

t o t a l  o f 7^.59 in ch es , which rep resen ts 31 percent of the  

e n tir e  growing season p r e c ip ita t io n  fo r  the 11-year p er iod . 

A ccord in gly , th e w idth o f  annual r in g  fo r  the same 3-year  

p eriod  fo r  Area X was k2 percent o f th e to t a l  width la id  

down; Area Y la id  down 37 percent o f the to t a l  r in g  width  

fo r  the same p er io d . The peak year o f 19^3 Is g r a p h ic a lly  

shown in  Figure 30*

Tem perature

From T able  ^7 th e  s t r i k i n g  u n i fo r m i ty  in  tem p era tu re  o f  th e  growing 

seaso n  f o r  a 1 1 -y e a r  p e r io d  can be seen .  The mean te m p e ra tu res  f o r  a l l  

y e a r s  c o n s id e re d  does n o t  va ry  over t h r e e  degrees  f o r  any one y e a r .  This 

u n i f o r m i ty  o f  te m p e ra tu re  is  f u r t h e r  v a l id a t e d  by c o r r e l a t i o n  c o e f f i c i e n t s  

of .998 and .999 f o r  th e  h e ig h t  growth of Area X and Area Y r e s p e c t i v e l y .  

The d ia m e te r  grow th  f o r  th e  same p e r io d  e x h ib i t s  r  v a lu es  of .998 and .97^ 

f o r  A rea  X and Area Y. From th e se  v a lu es  the  complete and n e a r ly  p e r f e c t  

l i n e a r  dependency of h e ig h t  and d iam e te r  growth to grovzing season tempera­

tu r e  can be shown. A lthough the  m athem atica l  e x p re ss io n  of grow th  p o r t r a y s  

th e  dependency of g row th  upon any c l im a t i c  e lem ent, i t  does n o t  show th e  

e f f e c t i v e  use  of t h a t  e lem en t.  Thus, as shown in  F ig u re  31, th e  curves  of 

h e ig h t  grow th  f o r  b o th  Area X and Area Y d e v ia te  from the  tem pera tu re  

curve  a t  a  r a p i d  r a t e .  Area Y, f o r  example, d e v ia te s  from th e  tem pera tu re  

curve  a t  a more r a p id  r a t e  th an  Area X. By p l o t t i n g  the  average  monthly 

te m p e ra tu re  o f  th e  growing season  a g a in s t  any one year  o f  th e  11—y e ar
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p e r i o d ,  th e  co r re sp o n d in g  r i s e  and f a l l  in  tem p e ra tu re  i s  c o r r e l a t e d  w ith  

in c r e a s e  o r  d e c re a s e  of th e  r a d i a l  growth* This r e l a t i o n s h i p  is  shown in  

F ig u re  3 2 .

Thus, a l th o u g h  "both a r e a s  a re  l i n e a r l y  dependent upon growing season  

te m p e ra tu re  in g e n e r a l ,  th e  dependency of in d iv id u a l  y ears  as  exp ressed  

"by h e ig h t  o r  d ia m e te r  grow th  i s  l e s s  marked. Temperature does not show 

such wide l o c a l  v a r i a t i o n s  as a r e  e x h ib i te d  by p r e c i p i t a t i o n .  A r e g r e s ­

s io n  l i n e  of th e  v a lu e s  in  F ig u re  32 f o r  r a d i a l  growth and tem pera tu re  

would show a  very  d ec id e d  n e g a t iv e  c o r r e l a t i o n  between tem p era tu re  and 

growth* This  r e v e a l s  t h a t  in c re a s e d  tem pera tu re  augments t r a n s p i r a t i o n  

and co n se q u e n t ly  has th e  same u l t im a te  e f f e c t  as  a d ec rea sed  w ater  supp ly . 

As shown in  a  s tu d y  by D i l l e r  (193^) » h ig h  tem p era tu re  due to  i t s  e f f e c t  

upon t r a n s p i r a t i o n  would, where th e  w ater  supply  is  a  l i m i t i n g  f a c t o r ,  

i n t e n s i f y  th e  e f f e c t  o f  low r a i n f a l l  and p a r t i a l l y  n u l l i f y  the  b e n e f i c i a l  

e f f e c t  o f  h ig h  r a i n f a l l *  Thus, a low s o i l  m o is tu re  supp ly  coupled  w ith  

h ig h  te m p e ra tu re s  d u r in g  th e  growing sea so n  would become e f f e c t i v e  in  

l i m i t i n g  grow th as a  r e s u l t  o f th e  c lo se  r e l a t i o n  between t u r g i d i t y  o f  

the  t r e e  and g row th . These f a c t s  would te n d  to  p o in t  out t h a t  tempera­

t u r e  e f f e c t s  a r e  b e in g  masked by some o th e r  f a c t o r ,  such as growing 

season  p r e c i p i t a t i o n .  F u r th e r  e x p re s s io n  o f  th e  e f f e c t s  o f  tem p era tu re  

as  shown by s e a so n a l  e v a p o ra t io n ,  r e l a t i v e  hum id ity , and s o i l - m o is tu r e  

r e l a t i o n s h i p s  w i l l  be co n s id e re d  l a t e r .

From th e  f i n d i n g s  above, tem p era tu re  appears  to  be a f f e c t i n g  the  

grow th  o f t u l i p  p o p la r  i n d i r e c t l y  by i t s  e f f e c t  on o th e r  c l im a t i c  f a c t o r s .  

High te m p e ra tu re s  a t  c r i t i c a l  p e r io d s  of th e  growing season  w i l l  a f f e c t  

th e  r e l a t i v e  h u m id ity ,  s o i l  and a i r  te m p e ra tu re s ,  and the  r a t e  of s o i l -
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m oisture evap oration . The tem perature e f f e c t s  on h e ig h t growth are 

probably more c lo s e ly  r e la te d  to  s o i l  drainage and a v a ila b le  so il-m o is tu re  

than to th e  d ir e c t  e f f e c t  o f p h o to sy n th etic  a c t iv i t y  upon tu l ip  p op lar. 

However, t h is  assum ption can be fu rth er  demonstrated by the r e s u lt s  o f  

data taken d a i ly  throughout two growing season s, 1951 1952, which

fo llo w .

Thus, i t  can be concluded th at th e  h e igh t and ra d ia l growth o f  

tu l ip  poplar in  Area X and Area Y seems to be jiore c lo s e ly  co rre la ted  

to  growling season p r e c ip ita t io n  and i t s  attendant so il-m o is tu re  e f f e c t s  

than to v a r ia t io n s  in  temperature o f the growing season throughout a 

11-y e a r  p er io d .
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R a d ia l  Growth o f T rees  in  th e  A d jo in in g  Qld-Growth Hardwood

Increm en t "borings were taken  on t u l i p  p o p la r  and o th e r  t r e e  sp ec ie s

in  an e f f o r t  to  compare th e  r a d i a l  growth of th e  exuer im en ta l  p l a n t a t i o n

w ith  th e  r a d i a l  growth of t r e e s  in  o ld—growth a s s o c i a l  io n s .  Ring vi& th 

c a l c u l a t i o n s  were made on th e s e  c o re s  f o r  the  same p e r io d  19 -̂1-1951  as 

f o r  th e  p la n ta . t io n — grown t u l i p  p o p la r .  In  s e l e c t i n g  th e se  t r e e s  f o r  

increm ent b o r in g s ,  s e v e r a l  t r e e s  were bored  which were s im i l a r  in  age 

and d ia m e te r  to  th e  ex p er im en ta l  t u l i p  p o p la r .  By comparing th e  r a d i a l  

grow th of th e  p l a n t a t i o n  t u l i p  p o p la r  w ith  t r e e s  in  th e  o ld -g ro w th  woods, 

some e s t im a t io n  of th e  e f f e c t s  o f  p r e c i p i t a t  ion upon r a d i a l  growth could  

be o b ta in e d .  S ince  growing season  p r e c i p i t a t i o n  has thus  f a r  been shown

to  be c l o s e l y  c o r r e l a t e d  to  r a d i a l  and h e ig h t  growth of t u l i p  p o p la r  in

th e  e x p e r im en ta l  a r e a ,  an in v e s t i g a t i o n  was made to  f i n d  ou t i f  s im i la r  

c o r r e l a t i o n s  e x i s t e d  in  th e  a d jo in in g  o ld -g row th  woods. R ad ia l  growth 

in  r e l a t i o n  to  growing seaso n  p r e c i p i t a t i o n  wa.s th e  only  c o r r e l a t i o n  

a t te m p te d ;  t h i s  approach  would t r y  to  s u b s t a n t i a t e  th e  e f f e c t s  of p r e ­

c i p i t a t i o n  in  p la n ta t io n -g ro w n  t u l i p  p o p la r  as compared to  fo re s t -g ro w n  

t r e e s .

R e su l ts

From th e  r e s u l t s  of cu rves  c o n s t r u c te d  from increm ent co re s  as 

shown in  F ig u re  33, th e  r e l a t i o n s h i p  of r a d i a l  growth to p r e c ip i t a . t i o n  

can be observed  th roughou t an 11 -yea r  p e r io d .  These increm ent b o r in g s  

were tak en  on t r e e s  whose a s s o c i a t e s  inc luded  beech , su g ar  maple, b lack  

c h e r ry ,  re d  oak, w hite  oak, b la ck  oak, and dogwood. By c o n t r a s t i n g  

p r e c i p i t a t i o n  w i th  t h e  cu rves  o f th e  s i x  t r e e s  measured, i t  i s  i n t e r e s t i n g
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PRECIPITATION FOR TREES IN OLD-GrRORTH HARDROOD3

(1 9 4 1  -  1 9 5 1 )
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to  n o te  t h a t  none o f  th e  cu rves  c o r r e l a t e  c lo s e ly  w ith  p r e c i p i t a t i o n .  

This r e s u l t  i s  in  c o n t r a s t  to th e  markedly c lo s e  c o r r e l a t i o n  o f  p la n ­

t a t i o n — grown t u l i p  p o p la r  and growing season  p r e c i p i t a t i o n .  The 

fo l lo w in g  s ta te m e n ts  can "be made concern ing  th e s e  r e l a t i o n s h i p s :

1 . T u l ip  p o p la r ,  "beech, and sugar  maple growing in  o ld -g row th  

f o r e s t  a s s o c i a t i o n s  a d jo in in g  th e  p l a n t a t i o n  do no t 

e x h ib i t  a  c lo se  r e l a t i o n s h i p  to growing season  p r e c i p i ­

t a t i o n  as  shown by increm ent co res  th roughout a  1 1 -yea r  

p e r io d  (F ig u re  33)•

2 . The w id th  o f  annual r i n g  o f  th e  above th r e e  s p e c ie s  i s  

ev idence  t h a t  o th e r  f a c t o r s  a re  masking th e  e f f e c t  of 

p r e c i p i t a t i o n ,  a s  ex p re ssed  in r i n g  w id th .

3 . T u l ip  p o p la r  found growing in  o ld -g ro w th  f o r e s t  a s s o c ia ­

t i o n s  i s  l e s s  c lo s e ly  dependent upon p r e c i p i t a t i o n  f o r  

i t s  d ia m e te r  growth than  t u l i p  p o p la r  grown in  p l a n t a ­

t io n s  o f  the  type  h e re  i n v e s t i g a t e d .

U. I t  is  su rm ised  t h a t  d ia m e te r  growth of t u l i p  p o p la r  in

o ld -g ro w th  f o r e s t s  i s  g r e a t l y  a f f e c t e d  by th e  d e n s i ty  and 

age o f  t h e  s ta n d ,  whereas t u l i p  p o p la r  in  p l a n t a t i o n -  

grown s i t e s  (where age and d e n s i ty  a r e  c o n s ta n t)  shows a 

c lo s e  c o r r e l a t i o n  to d iam e te r  and th e  growing season  

p r e c i p i t a t i o n .
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The E f f e c t  o f  S unscald  in  R e la t io n  to Height G-rowth

O b se rv a t io n  o f  t u l i p  p o p la r  t r e e s  growing in  Area Y (poor h e ig h t  

grow th) shows t h a t  th e s e  t r e e s  a r e  damaged by extreme su n sc a ld  (F ig u re s  

3^ 3^) * S ince  i t  i s  p o s s ib l e  th a t  th e  c a s u a l  o b se rv e r  might i n t e r ­

p r e t  t h i s  damage in  term s of reduced  h e ig h t  grow th  f o r  Area Y, a  s tudy  

was c a r r i e d  ou t to  d e te rm in e  what e f f e c t  s u n sc a ld  might have upon h e ig h t  

g row th . T rees  l o c a t e d  on th e  so u th e rn  and w este rn  s id e s  of th e  " in f lu e n c e  

l i n e "  a r e  v i r t u a l l y  f r e e  from su n sc a ld  damage* In  p r a c t i c a l l y  every  c a se ,  

th e  s u n s c a ld  is  th e  r e s u l t  of in c id e n ce  from a southw est d i r e c t i o n  

(F ig u re  35)* I*  i s  n o t  th e  o b je c t  o f  t h i s  s tu d y  to  i n v e s t ig a t e  th e  cause 

o r  s e t  o f  c ircu m stan ces  which c o n t r ib u te d  to  th e  damage. A lthough a  

number o f  hypo theses  have been c o n je c tu re d  as a  re a so n  f o r  t h i s  s u n sc a ld ,  

i t  i s  s u f f i c i e n t  to i n t e r p r e t  the  r e s u l t s  in  terms of h e ig h t  grow th , 

s in c e  t h i s  i s  th e  prim e o b je c t iv e  of th e  d i s s e r t a t i o n .

D i re c t  E f f e c t s

S e v e ra l  t r e e s  were f e l l e d  and s e c t io n e d  in  Area Y where th e  damage 

i s  ex trem e. M acroscopic exam ination  of the  annual r i n g s ,  p lu s  ev idence  

re c e iv e d  by l o c a l  r e s i d e n t s ,  d i s c l o s e s  t h a t  th e  damage o ccu rred  in  19*+7 » 

F ig u re  3 5 . With th e  y e a r  of o ccu rren ce  having  thus  been e s t a b l i s h e d ,  th e  

h e ig h t  grow th  cu rv es  (F ig u re s  23 and 2h) were examined. The curve  of 

annual h e ig h t  a g a in s t  growth r a t e  f o r  13k~[ and 19^8 in d ic a te s  no v a r i a t i o n  

w hatsoever from th e  normal un iform  r a t e  of growth f o r  Area Y. I f  th e  

su n sc a ld  damage had been c o n t r ib u t in g  d i r e c t l y  to  h e ig h t  grow th r a t e ,  

then  one might ex p ec t  a  d e v ia t io n  or f l u c t u a t i o n  in  th e  growth r a t e  curve . 

No extrem e b re a k  o r d ip  in  th e  g row th  curve  is  no ted  in  Area Y f o r  or
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Pig. 3 .̂

A c lo se u p  view of su n sc a ld  damage o c cu r r in g  in  Area Y. 
The t r e e  shown above i s  ^ .2  inches in d iam eter  ( d . b . h . ) .  
E x ten s iv e  s p r o u t in g  has o ccu rred  a t  the  base of th e  t r e e  as 
a r e s u l t  o f  su n sca ld  and t r e e  c r i c k e t  a c t i v i t y ;  n o te  the  
extreme t a p e r  from base of th e  t r e e  to  d .b .h .  Fungi have 
a t t a c k e d  th e  cambium and b a rk  on th e  southw est s id e  o f  the  
b o le .  Evidence in d ic a te s  no d i r e c t  c o r r e l a t i o n  of su n sca ld  
to  the  r a t e  of h e ig h t  grow th .
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A re a  o f
I n c i p i e n t  D ecay

A re a  o f  
A d v an ced  D ecay

S u n s c a ld  1 9 4 7

U n h e a le d  A re a

/v

A re a  Y -  S t a t i o n  IV 
N a t u r a l  S iz e

Age a t  c r o s s  s e c t i o n :
11  y e a r s  

H e ig h t  o f  c r o s s  s e c t i o n
a b o v e  g ro u n d  l e v e l : 

1 6  I n c h e s

DIAGRAMMATIC REPRESENTATION OF STEM CROSS SECTION 

SHOWING DATE OF SUNSCALD IN  RELATION 

TO DIRECTION OF INCIDENCE

F i g .  3 5 .
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19^8. D a ta  based  upon the  growth curve shows th a t  th e  averag e  annual 

h e ig h t  g ro w th  f o r  19^7 and 19^g was 1 .5  and 1 .5  f e e t  r e s p e c t i v e l y .  This 

r a t e  o f  g row th  f o r  th e se  y e a r s  i s  in l i n e  w ith  th e  con tinuous  and uniform  

r a t e  o f  grow th  p re c e d in g  and fo l lo w in g  19^7* Thus, ev idence based upon 

g row th  r a t e  and a c t u a l  h e ig h t  measurement c l e a r l y  r e v e a l s  t h a t  su n sca ld  

had no d i r e c t  e f f e c t  upon the  r a t e  of h e ig h t  growth in the  a r e a  where 

damage o c c u r re d .

The b a rk  s,nd cambium on th e  sou thw est s id e  of t u l i p  p o p la r  t r e e s  in  

A rea Y have been  s e r i o u s l y  damaged in  many in s ta n c e s  (F ig u re  3U). Damage 

to  th e s e  t r e e s  has r e s u l t e d  in  p ro fu s e  s p ro u t in g  a t  the  base  of th e  t r e e s ,  

a. r e s u l t  o f  su n sc a ld  and t r e e  c r i c k e t  a c t i v i t y .

I n d i r e c t  E f f e c t s

In  term s o f i n d i r e c t  e f f e c t s  of s u n sc a ld ,  c e r t a i n  fu n g i  have 

invaded  th e  sapwood th ro u g h  c rack s  in  th e  b a rk  which develop a f t e r  th e  

stems a re  damaged. Two main f u n g i  have been i d e n t i f i e d  as  Po lyporus
1 p

t u l i p i f e r u s  and P le u r o tu s  o s t r e a t u s . The f i r s t  o f  th e se  fu n g i  i s  by 

f a r  th e  more p r e v a l e n t  o f  th e  two. As a  r e s u l t  of the  a c t i o n  o f  th e se  

f u n g i ,  f a i r l y  e x te n s iv e  wind breakage  has o c cu r red  (F ig u re  36 ) in  p o r t io n s  

o f  Area Y.

S ince  su n sc a ld  f a i l e d  to  occur in  Area X, sou th  and west of the  

’’in f lu e n c e  l i n e , "  i t  i s  obvious t h a t  th e  sh ad o w  e f f e c t  caused by the  

p re se n c e  of the  o ld  growth hardwoods must have c o n t r ib u te d  in  some manner

1 2 .  I d e n t i f i e d  b y  P r o fe s s o r  F o r r e s t  S tro n g , Botany and P la n t
P a th o lo g y  D epartm ent, Michigan S ta te  C o llege , E as t L ansing , 
M ichigan.
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Fig. 36.

A view tak en  in  Area Y showing th e  i n d i r e c t  e f f e c t  of 
s u n sc a ld ,  w i th  subsequent wind breakage caused by fu n g i  
weakening th e  s tem s. E x ten s iv e  b a sa l  sp ro u t in g  has o ccu rred  
in  v i r t u a l l y  a l l  t r e e s  e x h ib i t i n g  su n sca ld  damage. This b a s a l  
s p ro u t in g  i s  th e  r e s u l t  o f  su n sca ld  and t r e e  c r i c k e t  a c t i v i t y ,  
e i t h e r  in  com bination  or s in g ly .
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to the com plete absence o f sunsca ld  in  th is  area . However, the sunscald  

damage in  Area. Y can be in terp re ted  a,s an in d ir e c t  index o f the e f f e c t  

upon h e ig h t grow th. Thus, Area Y has grea ter  exposure from in cid en t  

sources o f  heat and l i g h t ,  h igher s o i l  evaporation r a te s ,  h igher a ir  

tem peratures and lower r e la t iv e  hum idity, and higher wind v e lo c i t ie s  

than Area X. These in d ir e c t  e f f e c t s ,  or fa c to r s  of s i t e ,  in  r e la t io n  

to  h e ig h t growth w i l l  be taken up under m icroclim atic  in v e s t ig a t io n s  

and fu rth er  su b sta n tia te d . Although rather extreme damage has been 

caused by the su n sca ld  in  Area Y, n ev er th e le ss  the damage has revea led  

a c lu e  to other in d ir e c t  important clim a.tic and edaphic con sid era tio n s  

o f th e  s i t e .
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The Herbaceous V e g e ta t io n  a s  Rels/ted to  S o i l  M oistu re  in  Area X and Area Y

Throughout th e  growing seaso n  of 1952 * & sy s te m a tic  t a l l y  o f  herba­

ceous s p e c ie s  was ta k e n  in  b o th  a re a s  of good and poor h e ig h t  growth. 

P ho tog raphs  o f  th e  ground v e g e ta t io n  were o b ta in e d  th roughou t th e  growing 

seaso n  in  o rd e r  to  observe  th e  k in d  of v e g e ta t io n  p re s e n t  in  su c c e ss io n a l  

s t a g e s .  Many c l a s s i f i c a t i o n s  o f  f o r e s t  s i t e s  on th e  b a s is  of i n d ic a to r  

p l a n t s  a p p ea r  to  be h ig h ly  s u b je c t i v e ,  b u t  in a g e n e ra l  way i t  is  recog­

n iz e d  t h a t  r e l a t i o n s h i p s  e x i s t  between ground v e g e ta t io n  and s o i l  m oisture* 

Thus, r a t h e r  th a n  b e in g  used  as an in d ic a t io n  of s i t e  q u a l i t y ,  i n d ic a to r  

p l a n t s  a r e  most u s e f u l  in  t h i s  s tu d y  as an e x p re ss io n  of s o i l  m o is tu re  

c o n d i t io n s  in  two a d jo in in g  a r e a s .  A lso , p l a n t  i n d ic a to r  s p e c ie s  a re  

b e s t  used  when d e a l in g  w ith  n a tu ra l -g ro w n , m a tu re .f o r e s t s ; th e  p re s e n t  

s tu d y  d e a ls  w ith  p la n  t a t  ion-grown t r e e  spec ies*  I n d ic a to r  v e g e ta t io n  

has been  used  to  a l i m i t e d  e x te n t  in  e v a lu a t in g  p la n t in g  s i t e s .  In  t h i s  

s tu d y ,  no a t te m p t  i s  b e ing  made to  group c la s s e s  of s i t e s  on th e  b a s i s  

o f  com posit ion  o f  th e  herbaceous v e g e ta t io n .  The main o b je c t iv e  o f  the  

herbaceous  v e g e t a t i o n a l  a n a ly s i s  i s  to  show how th e  su cc e ss io n  of sp ec ie s  

th ro u g h o u t th e  grow ing season  r e l a t e  to  s o i l  m o is tu re  c o n d i t io n s .

R e su l ts

The p re se n c e  of herbaceous sp ec ie s  now a p p aren t  softer a 15-year 

su cc e ss  io n a l  p e r io d  in  Area X and Y is  a  u s e fu l  c r i t e r i o n  as to  s o i l  

m o is tu re  r e l a t i o n s  in  each a re a .  Tables ^9~51 &ive a  l i s t i n g  o f  sp ec ie s  

a cc o rd in g  to  p l e n t i f u l n e s s  th roughout th e  growing season  of 1952* I* is  

p o s s i b l e  to  fo l lo w  th e  s u c c e s s io n  o f an in d iv id u a l  sp e c ie s  o r  genus 

th ro u g h o u t th e  e n t i r e  growing seaso n , thus  ach ie v in g  some in d i c a t io n  of
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THE GROWING- SEASON SUCCESSION OF HERBACEOUS SPECIES IN AREA X
AND AREA T

P I e n t i f u l n e s s  C r i t e r i a :
VA *■* Very abundant 

A -  Abundant 
0 -  O ccasiona l 
R -  Rare

VERNAL ASPECT (MAT 20 -  JUNE 20)

VA -  Very abundant
A rea  X (Good h e ig h t  growth) 

S p ec ies
Acer saccharum  Marsh *
V io la  spp .
P o te n t  i l i a  n o rv e g ic a  L.
P o te n t  i l i a  r e c t a  1 .
Rubus idaeus  L.

Abundant

Daucus caro ta ,  L.
Galium spp*
Im p a tien s  p a l l i d a  N u t t .  
P a r th e n o c is s u s  q u in q u e fo l ia  L.

0 -  O ccasional
Ulmus f u l v a  Michx. *
T r i fo l iu m  p r a te n s e  L.
T r i fo l iu m  rep en s  L.
Taraxacum o f f i c i n a l e  Weber.
Rhus to x ico d en d ro n  L.
P la n ta g o  m ajor L.
A sc le p ia s  s y r i a c a  L.
Geum canadense  Jac q .
Rumex a c e t o s e l l a  L.
A c h i l l e a  m i l le fo l iu m  L.
F r a g a r i a  v i rg in ia n a ,  Duchesne.
Poa com pressa L.
Lepidium cam pestre  L.
L a p o r te a  can a d e n s is  L. 
Hydrophyllum appendiculaturn  Michx 
Cornus . f l o r i d a  L.
Rhus ty p h in a  L.
Carex spp . R -  Rare
Prunus s e r o t i n a  Ehrh. * 
Fagus g r a n d i f o l i a .  Ehrh. * 
B a rb a rea  v u lg a r i s  R. B r. 
D r y o p te r i s  marg in a l  i s  L. 
Hypericum p e rfo ra tu m  L.

♦ S e e d lin g s

Area T (Poor h e ig h t  growth) 
Species

T r ifo l iu m  p r a te n s e  L. 
T r i fo l iu m  repens L.
Rumex a c e t o s e l l a  L.
P o te n t  i l i a  n o rv eg ica  L.
P o te n t  i l i a  r e c t a  L.
Daucus c a r o t a  L.
Hieracium auran tiacum  L. 
A c h i l l e a  m i l le fo l iu m  L. 
Cerastium  vulgatum L.
Poa compressa L.

Chrysanthemum leucanthemum L, 
D anthonia s p i c a t a  L. 
A n ten n a r ia  spp.

E r ig e ro n  ramosus W alt. 
Sonchus a rv e n s i s  L. 
Taraxacum o f f i c i n a l e  Weber 
Verbascum th ap su s  L.
A s te r  spp.
Po ly tr ichum  commune Hedw. 
L ac tu ca  canadensis  L.

Prunus s e r o t i n a  Ehrh. *
Acer saccharum Marsh. *
Ulmus f u lv a  Michx. *
F r a g a r i a  v i r g i n i a n a  Duchesne 
S enecio  aureus  L.
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TABLE 50.

THE GROWING SEASON SUCCESSION ON HERBACEOUS SPECIES IN AREA X
AND AREA Y

EARLY ESTIVAL ASPECT (JUNE 20 -  JULY 21)

A rea  X (Good h e ig h t  growth) 
S pec ies

Acer saccharum Marsh. *
Rubus idaeus  L.
P a r th e n o c is s u s  q u in q u e fo l ia  L.

VA -  Very abundant

A -  Abundant
Daucus c a r o t a  L.
Im p a tien s  p a l l i d a  N u t t .  
P o t e n t i l i a  n o rv e g ic a  L. 
P o t e n t i l i a  r e c t a  L.
V io la  spp.
L a p o r te a  c an a d e n s is  L.
Galium spp .

A s te r  spp.
C ry p to ta e n ia  can ad en s is  L. 
E r ig e ro n  ramosus W alt. 
T r i fo l iu m  p r a te n s e  L.
P la n ta g o  m ajor L.
Ulmus f u l v a  Michx. *
Geum canadense J ac q .
S a n ic u la  t r i f o l i a t a  B ickn. 
S o lidago  n e m o ra lis  A i t .  
Taraxacum o f f i c i n a l e  Weber. 
Rhus ty p h in a  L.
A c h i l l e a  m i l le fo l iu m  L. 
L a c tu ca  c a n a d e n s is  L. 
Chrysanthemum leucanthemum L. 
Rudbeckia h i r t a  L.
Rhus to x ico d en d ro n  L.
Poa com pressa L.

Hypericum p e rfo ra tu m  L. 
F rag a r ia ,  v i r g i n i a n a  Duchesne. 
Prunus s e r o t i n a  Ehrh. *
Carex spp .
Quercus v e l u t i n a  Lam. * 
Ju g la n s  c in e r e a  L. *
Cary a, o v a ta  M i l l .  *
Lepidium cam pestre  L. *

0 -  O ccasional

R -  Rare

Area Y (Poor h e ig h t  growth) 
Spec ies

Daucus c a r o ta  L.
P o t e n t i l i a  n o rv eg ica  L. 
T r ifo l iu m  p ra te n s e  L. 
T r i fo l iu m  repens  L.
Poa compressa L.
Chrysanthemum leucanthemum L. 
Danthonia  s p i c a t a  L.

E r ig e ro n  ramosus W alt. 
Hieracium auran tiacum  L. 
A c h i l l e a  m i l le fo l iu m  L.

P o ly tr ichum  commune Hedw. 
Taraxacum o f f i c i n a l e  Weber, 
Verbascum thapsus  L. 
L ac tuca  canadensis  L.
Rumex a c e t o s e l l a  L. 
Solidago nem ora lis  A i t .  
C ircaea  l a t i f o l i a  H i l l .  
Cornus f l o r i d a  L.

Rhus ty p h in a  L. * 
Ju g lan s  c in e r e a  L. * 
Carya o v a ta  M i l l . * 
Q,uercus v e l u t i n a  Lam. *

* S eed lin gs



1 9 0

TABLE 51.

THE GROWING- SEASON SUCCESSION OP HERBACEOUS SPECIES IN AREA X
AND AREA T

MID -  ESTIVAL ASPECT (JULY 31 -  AUG.20)

VA -  Very abundant
A rea  X (Good h e ig h t  growth)

S p ec ies

P a r th e n o c i s s u s  q u in q u e fo l ia  L.

Area Y (Poor h e ig h t  growth) 
Species

Daucus c a r o t a  L.

A -  Abundant
Rubus c a n a d e n s is  L. 
L a p o r te a  can a d e n s is  L. 
Acer saccharum Marsh. * 
Im p a tien s  p a l l i d a  N u tt .  
A s te r  spp .
P o te n t  i l l a  n o rv e g ic a  L. 
P o te n t  i l i a  r e c t a  L. 
C irc a e a  l a t i f o l i a  H i l l .

P runus s e r o t i n a  Ehrh. * 
Ulmus f u l v a  Michx. *
P la n t  ago m ajor L.
Ambrosia t r i f i d a  L.
Daucus c a r o t a  L.
Geum c a n a d e n s is  J acq . 
P r u n e l l a  v u l g a r i s  L.
Carya o v a ta  M i l l .  *
V io la  spp.
L a c tu ca  c a n a d e n s is  L.
Rhus ty p h in a  L. * 
Hypericum p e rfo ra tu m  L. 
O enothera  b ie n n is  L. 
Rudbeckia  h i r t a  L.
Pag us g r a n d i f o l i a  Ehrh. * 
T r i fo l iu m  p r a te n s e  L. 
E r ig e ro n  ramosus W alt. 
A sc le p io d o ra  v i r i d i s  W alt. 
Q,uercus v e l u t i n a  Lam. *

0 -  O ccasiona l

R -  Rare

A c h i l l e a  m il le fo l iu m  L. 
Hieracium auran tiacum  L. 
P o te n t  i l i a  n o rv eg ica  L. 
P o t e n t i l l a  r e c t a  L.
Poa compressa L. 
D anthonia  s p i c a t a  L. 
Hypericum pe rfo ra tu m  L. 
A s te r  spp.

Quercus v e l u t i n a  Lam. * 
Po ly tr ichum  commune Hedw. 
Taraxacum o f f i c i n a l e  Weber 
Ulmus f u lv a  Michx. * 
E r ig ero n  ramosus W alt.
Rhus ty p h in a  L.
L ac tu ca  can ad en sis  L. 
Prunus s e r o t i n a  Ehrh. * 
P r u n e l l a  v u lg a r i s  L. 
Solidago nem ora lis  A i t .

R ibes c y n o s b a t i  L. 
Cornus f l o r i d a  L.

Rudbeckia h i r t a  L.

* S e e d lin g s



191

i t s  m o is tu re  re q u ire m e n ts  f o r  a  s p e c i f i c  environm ent. F u r th e r  ev idence  

o f  th e  s p e c ie s  p r e s e n t  a t  a  p a r t i c u l a r  s ta g e  of su cc ess io n  i s  shown by 

means o f  q u a d ra t  p h o tog raphs  ta k e n  a t  th e  same p o s i t i o n  th roughou t the  

growing sea so n .

The most s t r i k i n g  ev id en ce  o f  the  d i f f e r e n c e  in a v a i l a b l e  s o i l  

m o is tu re  betw een Area X and Area Y is  shown in  F ig u re s  37 and 3 8 . Area Y 

p o s s e s s e s  a  dom inan tly  g r a s s —weed a s p e c t  th roughou t th e  e n t i r e  growing 

s ea so n .  A lthough weed sp e c ie s  occu r in  Area X, th e se  s p e c ie s  a re  much 

l e s s  abundant th a n  in  Area Y. Such g en e ra  as V io la , Im p a t ie n s ,

P a r th en o c is su s , G-alium, C ircaea, and Acer (se e d lin g s )  are com pletely  

absent in Area Y. These genera are u su a lly  in d ic a tiv e  of m oist 

h a b ita ts .  In stea d , in  Area Y are found such dominant genera as A c h il le a , 

H ieracium , Poa, D anthonia, and Polytrichum . The la t t e r  genera are

indigenous to  d r ie r  s i t e s ,  or o ld - f ie ld  a s so c ia t io n s . I t  is  n ote­

worthy th a t a l l  o f the above named genera are not tr a n s ie n ts , but p e r s is t  

in  th ese  two areas throughout the growing season su ccess io n . Further 

ev idence o f the co n tra st in  a v a ila b le  so il-m o is tu re  between Area X and 

Area Y, as supplem ented by the presence o f herbaceous v e g e ta tio n , is  

found under c lim a tic  data o f t h is  t h e s i s .  A d e f in it e  c o r r e la t io n  appears 

to e x i s t  between the k ind  o f herbaceous v e g e ta tio n  present throughout the 

growing sea so n , and the percen t o f a v a ila b le  s o i l  m oisture at a depth o f  

s ix  inches a s  evidenced by read ings on Bouyoucos b locks taken throughout 

a s im ila r  p er io d .

Thus, the p resen ce o f herbaceous v eg e ta tio n  a sso c ia te d  w ith  a s p e c if ic  

area i s  fu rth er  supplem ental evidence th at a v a ila b le  s o i l  m oisture is  a 

fa c to r  o f primary importance in the d i f f e r e n t ia l  h eigh t growth o f p la n ta ­

tion-grow n t u l ip  p op lar .
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P i g .  3 7 . The v e r n a l  a s p e c t  in  A rea  X (g o o d  h e ig h t  g r o w t h ) .
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P i g .  3 8 . The v e r n a l  a s p e c t  in  A rea  Y (p o o r  h e ig h t  g r o w th ) .



13k

F i g .  3 9 . The e a r l y  e s t i v a l  a s p e c t  in  t h e  a r e a  o f  g o o d  h e ig h t
g ro w th  (A r ea  X ) .
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IV

F i g .  ^40. The e a r ly  e s t i v a l  a s p e c t  in  t h e  a r e a  o f  p o o r  h e ig h t
groitfth  (A rea, Y ) .
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WiPjXSts:

F i g .  k l .  The m id  -  e s t i v a l  a s p e c t  i n  A rea  Y
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F ig .  42.

I I

I I I

The e a r ly  autumnal a sp e c t  in  Area X ( above) and Area Y
(b e lo v ) .

F ig .  ^ 3 .
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Micro c l i m a t i c  F a c to r s  in  R e la t io n  to  H eight Growth of 

T u l ip  P o p la r  in  Area X and Area Y

D uring  th e  growing seasons o f  1951 a^d 1952 s e v e ra l  m ic ro c l im a t ic  

f a c t o r s  were r e c o rd e d  a t  c l im a t i c  s t a t i o n s  in  th e  a r e a s  o f  good and poor 

h e ig h t  g row th  of t u l i p  p o p la r .  Two s t a t i o n s  were s e t  up c lo s e  to  the  

o ld —grow th  hardwood s ta n d  and two s t a t i o n s  were e s t a b l i s h e d  f a r t h e r  out 

in  th e  p l a n t a t i o n  where th e  h e ig h t  growth i s  p o o r .  Readings on a i r  

te m p e ra tu re ,  e v a p o ra t io n  l o s s ,  p e rc e n t  a v a i l a b l e  s o i l  m o is tu re ,  s o i l  

s u r f a c e  te m p e ra tu re ,  and r e l a t i v e  hum id ity  were tak en  d a i l y  th roughou t 

th e  grow ing se a so n s .  These d a ta  were then  p l o t t e d  f o r  b o th  a r e a s  f o r  

th e  y e a r s  1951 1 9 5 2 ; th e  r e s u l t s  of t h i s  m ic ro  c l im a t i c  s tu d y  a re

h e re  re c o rd e d  f o r  th e  1951 growing season  o n ly .

S in ce  t h e  w a te r  economy of young f o r e s t  p l a n t a t i o n s  i s  d i r e c t l y  

r e l a t e d  to  t h e  p h o to s y n th e t ic  a c t i v i t y  of in d iv id u a l  t r e e s ,  i t  i s  c l e a r l y  

a  f a c t o r  o f  im portance  in  g ove rn ing  th e  r a t e  o f  h e ig h t  growth o f  t u l i p  

p o p la r  under th e  c l i m a t i c  c o n d i t io n s  o f  so u th w es te rn  M ichigan. Thus, 

from th e  r e s u l t s  o b ta in e d  h e re ,  i t  appears  t h a t  h e ig h t  grow th  of th e  

t r e e s  on two c o n t r a s t e d  a re a s  i s  c o n d i t io n e d  by f a c t o r s  which a re  obv i­

o u s ly  a s s o c i a t e d  w i th  w a te r  u t i l i z a t i o n  of th e  t r e e .  Any of th e s e  f a c t o r s  

which a f f e c t  th e  s o i l - m o i s tu r e  regime a re  r e f le c te d ,  in h e ig h t  growth and 

over a  p e r io d  o f  tim e w i l l  d e f in e  th e  s i t e  q u a l i t y .  F o r tu n a t e ly ,  in  t h i s  

i n v e s t i g a t i o n ,  th e  a r e a  o f  good h e ig h t  grov/th r e p r e s e n t s  a  " n a t u r a l  

l a b o r a to r y "  w i th  th e  p re sen c e  o f  o ld  growth woods on the  s o u th  and west 

a c t i n g  as  a  c o n t r o l  in  which c e r t a i n  v a r i a b l e s  have o p e ra te d  th roughou t 

a  1 5 -y e a r  p e r io d .  S ince  h e ig h t  g row th  v a r i e s  w i th  th e  c l im a t i c  c o n d i t io n s
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o f  th e  grow ing s e a so n ,  assuming o th e r  f a c t o r s  a r e  com parable , i t  i s  

p o s s i b l e  to  c o r r e l a t e  r a t h e r  c lo s e ly  th e  growth o f  t u l i p  p o p la r  and th e  

m ic r o c l im a t ic  f a c t o r s  a c t i n g  upon t h i s  g row th . Again, th e  spac ing  and 

age o f  t h e  t u l i p  t r e e s  in  b o th  A rea X and Area T i s  c o n s ta n t ,  adding 

v a l i d i t y  to  the  i n v e s t i g a t i o n  of th o se  f a c t o r s  which a re  su sp e c te d  o f  

b e in g  l i m i t i n g .  The m ic ro c l  imat ic  d a ta  p re s e n te d  h e re  a re  a g g reg a te  

v e r i f i c a t i o n  of th e  f a c t  t h a t  a v a i l a b l e  m o is tu re  i s  th e  p r im ary  l i m i t i n g  

f a c t o r  in  p ro d u c in g  a d i f f e r e n t i a l  h e ig h t  growth o f p la n ta t io n -g ro w n  

t u l i p  p o p l a r .  T h is  i s  no t to  imply t h a t  th e  t u l i p  t r e e s  in  the  a r e a  of 

good h e ig h t  g row th  a r e  n e c e s s a r i l y  r e c e iv in g  g r e a t e r  amounts o f  m o is tu re ,  

b u t  r a t h e r  t h a t  th e  t r e e s  in  t h i s  a r e a  a re  a b le  to  u t i l i z e  th e  m o is tu re  

more e f f e c t i v e l y  due to  a  s e t  o f  i n t e r r e l a t e d  s i t e  c o n d i t io n s  n o t  found 

in  A rea Y. S ix  micro c l  im a t ic  f a c t o r s  a re  h e re  p re s e n te d  g r a p h ic a l l y  in 

o rd e r  to  c o n t r a s t  th e  c l im a t i c  c o n d i t io n s  of two opposing s i t e s  of p l a n t a ­

t io n -g ro w n  t u l i p  p o p la r .  S ince  only  th e  m ic ro c l im a t ic  d a ta  f o r  1951 a r © 

in c lu d e d ,  i t  was deemed a d v is a b le  to  d e la y  th e  complete s t a t i s t i c a l  

a n a l y s i s  of th e se  d a t a  u n t i l  the  te rm in a t io n  of two growing s e a so n s .  A 

com ple te  a n a ly s i s  o f  the  m ic ro c l  im a tic  data, w i l l  be p u b l ish e d  a t  a l a t e r  

d a t e .  N e v e r th e le s s ,  enough d a ta  have been compiled to in d ic a te  th e  t r e n d  

o f c l im a te  in  th e  e x p e r im en ta l  a r e a ;  d a ta  f o r  th e  e a r l y  growing season  of 

1952  i n d i c a t e  t r e n d s  s im i l a r  to th o s e  of 1951*

Evaporat ion

The r a t e  o f  e v a p o ra t io n  was tak en  d a i l y  th roughout th e  growing season  

in  b o th  Area X and Area Y u t i l i z i n g  the  now well-known L iv in g s to n  atmometer 

b u lb .  Th is  d ev ice  was used to  show in  an i n d i r e c t  manner th e  r e l a t i v e  

r a t e s  and i n t e g r a t e d  e f f e c t  of wind movement, hum id ity  and a i r  tem p e ra tu re
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in  each  a r e a .  The e v a p o ra t io n  s t r e s s  of th e  atm osphere  as a f f e c t e d  by 

th e  above f a c t o r s  i s  of g r e a t  im portance  to  grov/th of p l a n t s .  The 

atm om eters  were p la c e d  on th e  f o r e s t  f l o o r  in  o rd e r  to a s c e r t a i n  the  

e v a p o r a t io n  l o s s  a t  t h i s  l e v e l .  In  t h i s  s tu d y ,  t h e  lo s s  o f  w a te r  from 

th e  s o i l  s u r f a c e  i s  o f  prim e im portance as an index  to  s o i l  m o is tu re  

e v a p o r a t io n  and d e te rm in e s  th e  e f f i c i e n c y  o f  r a i n f a l l  to a  g r e a t  d eg re e .

The e v a p o ra t io n  l o s s  f o r  Area X and Area T i s  shovm. in  F ig u re  t̂-U.

I t  i s  a p p a re n t  from th e  r e s u l t s  o b ta in e d  h e re  t h a t  th roughout the  e n t i r e  

growing s e a so n ,  th e  w a te r  l o s s  i s  g r e a t e s t  in  Area Y. The g r e a t e s t  lo s s  

d i f f e r e n c e  between th e  two a re a s  occu rs  a t  th e  most c r i t i c a l  h e ig h t  

grow th  p e r io d  ( J u ly )  f o r  t h i s  a r e a .  Thus, a t  a  tim e when t u l i p  p o p la r  

i s  a t  t h e  peak o f i t s  h e ig h t  grov/th, Area Y has th e  g r e a t e s t  e v a p o ra t io n  

l o s s .  The m ic ro c l im a t ic  environm ent f o r  Area X, w i th  re g a rd  to  evapora­

t i o n ,  i s  o b v io u s ly  one more s u i t a b l e  to th e  b e t t e r  h e ig h t  grow th o f  t u l i p  

p o p l a r .

R e la t iv e  Humidity 

The r e l a t i v e  hum id ity  was measured d a i l y  th roughou t th e  growing 

season  in  b o th  a r e a s .  Humidity re a d in g s  were taken  by means of a  hand- 

a s p i r a t e d  p sy ch ro m ete r .  These v a lu e s  a r e  shown in  F ig u re  *+5*

The r e l a t i v e  h u m id ity  i s  c l o s e l y  r e l a t e d  to th e  r a t e  of w a te r  lo s s  

from a f r e e  w a ter  surfa .ce  o r  from a  p l a n t .  I t  i s  dependent upon tempera­

t u r e  and th e  amount o f  m o is tu re  p r e s e n t .  Thus, every  change in  tem p e ra tu re  

r e s u l t s  in  a  change in  r e l a t i v e  hum id ity  and a consequent a l t e r a t i o n  of 

e v a p o r a t io n  o r  t r a n s p i r a t i o n .  The r e s u l t s  o f  th e  p r e s e n t  s tu d y  show lower 

r e l a t i v e  h u m id i t i e s  th roughou t th e  growing season  in  th e  a r e a  o f  poor 

h e ig h t  g row th . I n d i r e c t l y ,  t h i s  i n d i c a t e s  h ig h e r  te m p era tu res  in  Area Y,
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so t h a t  w a te r  exposed q u ic k ly  e v a p o ra te s  and th e  more r a p id ly  th e  a i r  

w i l l  t a k e  up w ater  from t r a n s p i r i n g  le a v e s  o r  from a  m ois t  s o i l  s u r f a c e .  

These r e s u l t s  a r e  c o r r e l a t e d  w i th  th e  h ig h  e v a p o ra t io n  r a t e ,  h ig h e r  s o i l  

s u r f a c e  te m p e ra tu re s  and h ig h  a i r  te m p e ra tu re s  o f  th e  poor h e ig h t  grow th 

a rea*  The h ig h e r  tem p e ra tu re  o f  Area T in c re a s e s  th e  c a p a c i ty  o f th e  a i r  

f o r  m o is tu re  and c o n se q u e n t ly  low ers  th e  r e l a t i v e  hu m id ity ;  th e  o p p o s i te  

s i t u a t i o n  e x i s t s  in  A rea X.

A ir  Temperature

A i r  te m p e ra tu re s  were re c o rd e d  d a i l y  th roughou t th e  growing season  

hy means o f  a  s l i n g  p sy ch ro m ete r .  The v a lu es  o b ta in e d  f o r  b o th  a re a s  

a r e  sh o rn  in  F ig u re  ^ 6 .

The r e s u l t s  show h ig h e r  te m p e ra tu re s  in  Area Y th roughout th e  e n t i r e  

growing se a so n .  This c l e a r l y  shows th e  more exposed p o s i t i o n ,  h ig h e r  

e v a p o r a t io n  r a t e ,  lower r e l a t i v e  h u m id ity ,  and h ig h e r  s u r fa c e  tem p era tu re  

o f  th e  po o r  h e ig h t  grow th  a r e a .  The g raph  o f a i r  tem p e ra tu re  c l e a r l y  

i n d i c a t e s  th e  h ig h e r  a i r  te m p e ra tu re  o f  Area Y in  the  c r i t i c a l  p e r io d  of 

g row th  f o r  t u l i p  p o p la r .  The in c re a s e d  tem pera tu re  of Area Y thus  

prom otes g r e a t e r  t r a n s p i r a t i o n  and e v ap o ra t io n  a t  a  time when t u l i p  p o p la r  

r e q u i r e s  more red u ced  te m p e ra tu re s .

S u rface  S o i l  Temperature 

The te m p e ra tu re  o f  the  s o i l  s u r fa c e  was taken  d a i ly  th roughou t the  

growing season  by means of a  s o i l  therm om eter. The s t r i k i n g  r e s u l t s  a re  

g iv e n  f o r  b o th  Area X and A rea Y in  F ig u re  *+7-

A m arkedly h ig h e r  growing sea so n  s o i l  s u r f a c e  tem p e ra tu re  is  r e v e a le d  

in  A rea Y th an  in  Area X. T his  h ig h  s u r fa c e  tem p era tu re  e x e r t s  an i n d i r e c t
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e f f e c t  "by in c r e a s in g  e v a p o ra t io n  l o s s  from th e  s o i l ,  A c o r r e l a t i o n  

ap p e a rs  to  e x i s t  in  t h i s  s tu d y  "between th e  herbaceous  v e g e ta l  ion  type  

and th e  s u r f a c e  s o i l  te m p e ra tu re ,  w ith  i t s  subsequen t r a p id  s u r f a c e  s o i l  

m o is tu re  lo s s*  I t  i s  a p p a re n t  t h a t  th e  more exposed s i t u a t i o n  o f  Area Y 

r e s u l t s  in  g r e a t e r  e v a p o ra t io n  lo s s  and d r i e r  c o n d i t io n s  th ro u g h o u t the  

p e r i o d  o f growth th a n  Area X. A gain, th e  g r e a t e s t  d i f f e r e n c e  in  s o i l  

s u r f a c e  te m p e ra tu re  between b o th  a re a s  occu rs  a t  th e  c r i t i c a l  h e ig h t  

g row th  p e r io d  o f  t u l i p  p o p la r .

P e rc e n t  A v a i la b le  M oistu re  

Throughout th e  growing sea so n ,  d a i l y  s o i l  m o is tu re  measurements were 

ta k en  by means of Bouyovicos b lo ck s  a t  d ep th s  o f  s i x  and e ig h te e n  inches 

r e s p e c t i v e l y .  The r e s u l t s  of th e s e  f in d in g s  a r e  shown in  F ig u re s  Us 

and 1+9• At a  d e p th  o f  s i x  in c h e s ,  Area Y shows a markedly lower a v a i l a b l e  

m o is tu re  c o n te n t  th ro u g h o u t th e  growing season  th an  in Area X. This r e s u l t  

i s  o f  prim e im portance , s in c e  i t  has been shown p re v io u s ly  t h a t  s o i l s  in  

Area Y p o s se s s  h ig h e r  w a te r -h o ld in g  c a p a c i t i e s  and c la y  c o n te n t  than  Area X. 

Thus, d e s p i t e  a  s i g n i f i c a n t  t e x t u r a l  s o i l  d i f f e r e n c e  between th e  two a r e a s ,  

th e  p e r c e n t  of a v a i l a b l e  s o i l  m o is tu re  a t  the  e f f e c t i v e  ro o t  zone dep th  i s  

g r e a t e r  in  A rea X. This i s  f u r t h e r  v a l i d a t i o n  o f  th e  f a c t  t h a t  s o i l s  in  

Area Y have a h ig h e r  w a te r -h o ld in g  c a p a c i ty  based upon m echanical a n a l y s i s ,  

y e t  l o s e  w a te r  a t  a  f a s t e r  r a t e  th an  Area X. I t  i s  a p p a ren t  from th e se  

f i n d i n g s  t h a t  th e  e f f e c t i v e  u t i l i z a t i o n  o f  a  con tinuous w a ter  supp ly  i s  

g r e a t e s t  in  th e  a r e a  of good h e ig h t  grow th.

At a  dep th  o f  e ig h te e n  in c h e s ,  Area Y has a  g r e a t e r  a v a i l a b l e  m o is tu re  

c o n te n t  in  th e  e a r l y  s o r in g  and e a r l y  autumn than  does Area X. This r e s u l t
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i s  apparently* due to  th e  f a c t  t h a t  th e  w a te r  t a h l e  l e v e l  i s  c l o s e r  to  th e  

s u r f a c e  in  Area Y a t  th e s e  p e r io d s#  However, th e  r e s u l t s  i n d i c a t e  no 

m a t e r i a l  d i f f e r e n c e  in  a v a i l a b le  ivater between th e  two a re a s  d u r in g  th e

c r  i t  iced  p e r io d  o f g row th  ( J u l y ,  A u g u s t) .

L ig h t  I n t e n s i t y

At v a r io u s  i n t e r v a l s  th roughou t th e  growing season , l i g h t  i n t e n s i t y  

measurements were tak en  in  b o th  Area. X and Area Y. These re a d in g s  were 

r e c o rd e d  w ith  a  p h o t o e l e c t r i c  c e l l  u t i l i z i n g  the  i n t e n s i t y  o f  r e f l e c t e d  

l i g h t  e x p re sse d  in  term s o f  a  p e rc e n t  of f u l l  s u n l ig h t#  S ince no re c o rd  

o f  th e  l i g h t  i n t e n s i t y  made a t  any tim e p r i o r  to  th e  p r e s e n t  r e a d in g s ,  

th e  n u m e r ic a l  r e s u l t s  a r e  n o t  in c lu d ed  h e re .  Howre v e r ,  th e  r e s u l t s  of th e  

p r e s e n t  s tu d y  r e v e a l  t h a t  th e  average  l i g h t  i n t e n s i t i e s  in  Area Y a re  

c o n s id e ra b ly  g r e a t e r  th an  in  Area X. This r e s u l t  was a n t i c i p a t e d  due to 

th e  more shaded end l e s s  exposed s i t e  c o n d i t io n s  o f  Area X.

With th e  l i m i t e d  d a ta  a v a i l a b l e  i t  i s  d i f f i c u l t  to  d e te rm ine  what 

e f f e c t  l i g h t  i n t e n s i t y  p la y s  in  th e  r o l e  o f  a  s e p a ra te  c l im a t i c  f a c t o r .  

F u r th e rm o re ,  i t  i s  d i f f i c u l t  to ex p ress  q u a n t i t a t i v e l y  which p o r t i o n  of 

th e  s o l a r  r a d i a t i o n  e x i s t s  as l i g h t  i n t e n s i t y ,  l i g h t  q u a l i t y ,  o r  as  h e a t .

S ince  no l i g h t  re a d in g s  have been taken  d u r in g  th e  1 5 -yea r  i n t e r v a l

p re v io u s  to th e  e s ta b l i s h m e n t  o f  t h i s  p l a n t a t i o n ,  i t  i s  v i r t u a l l y  im p o ss ib le  

to  e s t a b l i s h  any c o n c re te  ev idence  as to  th e  d i r e c t  e f f e c t  o f  l i g h t  upon 

h e ig h t  g row th , w ith  th e  e x ce p tio n  o f th e  e x te r n a l  ev idence  o f  s u n sc a ld .

The r o l e  o f  l i g h t  in  b o th  a re a s  in  t h i s  s tu d y  is  th e r e f o r e  based  upon th e  

i n d i r e c t  o b s e r v a t io n a l  r e s u l t s  of s o l a r  r a d i a t i o n  r a t h e r  than  a  cause  of 

h e ig h t  d i f f e r e n t i a t i o n #
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C erta in  anatom ical fe a tu re s  o f tu lip  tr e es  in Area X su ggest a 

respon se to lower l ig h t  in t e n s it ie s *  Such fe a tu re s  as n atu ra l pruning 

o f the low er branches in  th is  area  in d ica te  the e f f e c t  of the presence  

of th e  o ld  growth hardwood and th e g rea ter  h e ig h t growth o f th ese  t r e e s .  

Gross o b serv a tio n  on the th ick n ess  of le a v e s , le a f  c o lo r , and g en era l 

l e a f  su ccu len ce  does not rev ea l any marked d if fe r e n c e  in the two h a b ita ts .  

At the tim e o f estab lish m en t o f th is  p la n ta tio n  and fo r  many years fo llo w ­

ing t h is  i n i t i a l  grow th, i t  i s  presumed th a t a l l  tr e e s  in the p la n ta tio n  

were r e c e iv in g  approxim ately the same l ig h t  in te n s ity ,  and th a t d i f f e r ­

e n t ia t io n  in  h e igh t growth ba,sed upon l ig h t  co n d itio n s per se i s  not 

te n a b le .

Thus, w ith  th e  lim ite d  data a v a ila b le , i t  appears that l ig h t  is  

com plexly a s so c ia te d  w ith  th e  other in tegrated  s i t e  fa c to r s  in th is  

stu d y . Por example, in  Area Y, the greater  l ig h t  in te n s ity  is  a sso c ia te d  

w ith  the d r ie r  h a b ita t  and higher tr a n sp ir a tio n  ra te s  as shown by 

supplem ental ev id en ce . Most o f the evidence in  th is  th e s is  p o in ts  to 

the f a c t  th a t l ig h t  i s  in teg ra ted  with the other s i t e  fa c to r s  but i s  

being masked by o th er  more l im it in g  fa c to r s  w ith  referen ce to the height 

growth d i f f e r e n t ia l .

D iscu ssio n  of R esu lts

A growing season study of seven m icroclim atic  fa c to rs  in  Area X and 

Area Y shows in  v ir t u a l ly  every case th a t th ese in tegra ted  fa c to r s ,  

supplem ented by edaphic and b io lo g ic a l  fa c to r s , are a sso c ia te d  w ith  a 

marked d i f f e r e n t ia l  h eigh t growth fo r  plan ta t  ion-grown tu lip  p op lar .

A ll  o f th ese  m icro clim a tic  fa c to r s  in d ica te  th a t the m oisture regim en,
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e ith e r  d ir e c t ly  or in d ir e c t ly ,  i s  most l ik e ly  th e  major fu n ctio n  r e s u lt in g  

in  th e  d i f f e r e n t ia l  h e ig h t growth o f the experim ental p lan tation *  The 

p resen ce o f  an o ld—grovth  hardv/ood stand ad jacen t to Area X has a lte r e d  

the m icroclim ate  in  th is  area and, rev ea ls  rather c le a r ly  some o f the 

s i l v i c a l  fe a tu r e s  to "be considered  in  groving p la n ta tio n  tu lip  p op lar.

The micro c l  im atic  fe a tu r e s  o f Area X and Area Y have p rev io u sly  "been 

v a l i d a t e d  s t a t i s t i c a l l y  w ith  referen ce  to p r e c ip ita t io n  and tem perature.
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SOIL MICROBIOLOGICAL EXPERIMENTS ( QUANTITATIVE)

The R e la t io n  Between Numbers of S o i l  Organisms and th e  Edaphic 

and M ic ro c l im a t ic  F a c to r s  o f  Area X and Area Y

F i e l d  E xperim en ta l  Method:

D uring  th e  growing season  of 1951* s o i l  samples f o r  m ic ro b io lo g ic a l  

s t u d i e s  were tak en  from Area X and Area Y. These samples were c o l l e c t e d  

and p r e s e r v e d  by a method o r i g i n a t e d  by the  p r e s e n t  i n v e s t i g a t o r .  At 

a p p r o p r i a t e  i n t e r v a l s  th roughout th e  growing season  th e  s o i l s  were 

sampled f o r  numbers o f  f u n g i ,  b a c t e r i a ,  and ac tinom yce tes  e x i s t i n g  in  

f o u r  s e p a r a t e  s o i l  h o r izo n s  in  each exper im en ta l  a r e a  (F ig u re s  50“ 53)*

A r e v i s e d  method of c o l l e c t i n g  m ic ro b ia l  s o i l  samples was c a r r i e d  ou t as 

f o l l o w s :

1 . G lass  c o n ta in e r s  of 65 m i l l i l i t e r  c a p a c i ty  were s t e r i l i z e d

in  an oven a t  105° C f o r  a  p e r io d  o f one hour. S t e r i l e  l i d s

were then  screwed t i g h t l y  to  th e  empty g la s s  c o n ta in e r s  and 

tak en  d i r e c t l y  in to  th e  f i e l d .

2. By means of a  p o s t - h o le  d ig g e r ,  s o i l  p r o f i l e s  were exposed

to  an a p p r o p r ia t e  d e a th .  Using an o rd in a ry  s t e r i l e ,  wooden

ice -c ream  spoon, enough s o i l  was taken a t  d e f i n i t e  s o i l  

h o r iz o n  dep ths  to  f i l l  each c o n ta i n e r .  A f te r  each in d iv id u a l  

s o i l  sam pling , th e  wooden snoon was d is c a rd e d .  This method 

e l im in a te s  th e  u s u a l  te d io u s  and cumbersome p ro ced u re  of 

i g n i t i n g  a lc o h o l  on a  trow el p r i o r  to  each  sam pling in  o rd e r  

to p re v e n t  con tam in a tio n .
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3 * A fter  the samples were taken a t  each n atu ra l s o i l  horizon ,

a beaker o f p a r a ff in  wax was m elted and the sample conta in ers  

emersed, thus se a lin g  them from a ir  and contam ination . This 

w ax-sea lin g  p rocess enables the in v e s t ig a to r  to keep the  

samples in d e f in i t e ly  u n t i l  the s o i l s  are ready to be sampled 

fo r  m icrobes. In a d d itio n , the s o i l s  can be run a t the same 

pH and m oisture content as o r ig in a l ly  sampled.

The m icrob ia l s o i l  samples were taken a t approxim ately the same area  

lo c a t io n  as the m icrocl imat ic  data . Uniform ity in  the c o r r e la t io n  of 

edaphic and c lim a t ic  data w ith the m icro b io lo g ica l changes was thus 

o b ta in ed .

la b o ra to ry  Experim ental Method:

The lab oratory  procedure used in is o la t in g  the d esired  organisms from 

each s o i l  sample d iv id e s  i t s e l f  in to  two p a rts:

1 . From the s o i l  samples taken a t S ta tio n s  I and I I ,  a com posite 

sample was made to  rep resen t each horizon in Area X; 

s im ila r ly ,  com posite samples were made fo r  each horizon in  

Area Y.

S o il  d ilu t io n s  of each com posite s o i l  were prepared as 

fo llo w s :  The a d d itio n  o f 10 grams o f  s o i l  to  1000 c c . o f  

s t e r i l e  d i s t i l l e d  water g iv in g  a d ilu t io n  o f 1:100 . A fter  

the coarse p a r t ic le s  had s e t t le d  out a f te r  shaking, 10 cc* 

o f th e 1:100 d ilu t io n  was p ip e tte d  in to  90 c c . o f s t e r i l e  

d i s t i l l e d  w ater. S u ccessiv e  tr a n sfe r s  were made r e s u lt in g  in 

a s e r ie s  of d i lu t io n s .  These were 1 :100 , 1 :1000, 1 :1 0 ,0 0 0 ,

and 1 :1 ,0 0 0 ,0 0 0 . A ll work was done a s e p t ic a l ly .
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2 . S e le c t io n  o f media and cu ltu r in g  procedure fo r  "bacteria, 

actinom ycetes and fu n g i:

From the above d i lu t io n s ,  1 c c . o f each was d ispensed  by 

s t e r i l e  p ip e t te s  in to  a s e le c t iv e  media and poured a s e p t ic a l ly  

in to  s t e r i l e  p e t r i  d ish e s . This m ixture o f agar* and s o i l  

d ilu t io n  was allow ed to  harden and the cu ltu res  were p laced  in  

a c u ltu re  room at 28° 0. The b a c te r ia  and actinom ycetes were 

perm itted  to grow one week or l e s s  before observa/tions were 

made and th e fu n g i were allow ed fou r days b efore  observ in g .

The medium used fo r  b a c te r ia  was Nutrose agar; fo r  fu n g i;  

a P ep ton e-g lu cose  a c id  agar used w ith  a pH between and 4*0 

so th at b a c te r ia  would not d evelop . The media used were as 

fo l lo w s :

B a cter ia  and Actinom ycetes -  Uutrose agar

Agar 12.5 grams
Hutrose 2.0
Glucose 1 .0
K2HP0i  ̂ 0 .2
MgSO .̂7H20 0 .2
FeS0i | . 7H20 trac e
Tap Water 1 .0  l i t e r
R eac tio n  pH 6.3 (no ad jus tm en t)

Fungi -  Peptone g lu cose  acid  agar

Agar 25.O grams
KH^PO^ 1 .0
MgS01+.7H20 0 .5
Peptone 5*0
Glucose 10.0
D i s t i l l e d  Water 1 .0  l i t e r
R eac tio n  pH 3*# t0 ^*0 ( a d ju s te d )

In a l l  cases where in o cu la tio n s  were made, g lassw are was thoroughly  

s t e r i l i s e d  and the media used were autocla.ved p rior  to each s o i l  11 run11 in
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o r d e r  to  p re v e n t  c o n ta m in a t io n .  jHach d i l u t i o n  was run  in  d u p l i c a t e  b o th  

f o r  b a c t e r i a  and f u n g i ,  in  a d d i t io n  to  c o n t ro ls *  The number o f  organism s 

computed from th e  p l a t e s  r e p r e s e n t  th e  averag e  v a lu es  o f  t h r e e  d i l u t i o n s ,  

o r  th e  av erag e  v a lu e  of s i x  in d iv id u a l  p l a t e s  f o r  each s o i l  h o r iz o n .  

M o is tu re  c o n te n ts  were o b ta in e d  f o r  each h o r iz o n  im m ediate ly  b e fo re  the  

i s o l a t i o n s  were made* T h is  was done by h e a t in g  th e  composite samples 

a t  90° C u n t i l  a l l  vrater was l o s t ;  th e  p e rc en ta g e  f i g u r e s  o b ta in e d  were 

i n d i c a t i v e  o f  th e  amount o f  w ater l o s t  in  each sample, and th e  number of 

o rgan ism s p r e s e n t  p e r  gram dry  w eigh t o f  s o i l  was computed from th e se  

r e s u l t s ,  u s in g  th e  p l a t e  method f o r  co u n tin g  m icrobes . For each  s o i l  

h o r iz o n ,  th e  a c i d i t y  (pH) was o b ta in e d  by th e  g l a s s - e l e c t r o d e  pH m ete r .

S e v e ra l  exemplary photographs  o f  th e  p l a t e  count were made in  o rd e r  

to  i l l u s t r a t e  th e  p r i n c i p l e s  invo lved  (F ig u re s  5 ^ 5 ^ )  * The number o f  

o rganism s on each p l a t e  was counted  by means o f  a  microscope and coun ting  

p l a t e .  Only th e  1:100 and 1:1000 d i l u t i o n s  were used  f o r  s t a t i s t i c a l  

p r e s e n t a t i o n  o f  numbers o f  organism s appearing  on th e  p l a t e s .  A f te r  

c o r r e c t i o n  f o r  m o is tu re  c o n te n t ,  th e  numbers o f  organism s were p l o t t e d  in  

o rd e r  t o  compare q u a n t i t a t i v e l y  th e  d i f f e r e n c e  in  m ic rob ia l  coun ts  between 

A rea  X and Area Y.

O b je c t iv e s

The p r e s e n t  m ic r o b io lo g ic a l  i n v e s t i g a t i o n s  were concerned w ith  tile  

s o i l  as  a  mass o f  l i v i n g  d e b r i s ,  in c lu d in g  c e r t a i n  b a c t e r i a ,  a c t in o m y ce te s ,  

f u n g i ,  a lg a e  and p ro to z o a .  These l i v i n g  microbes a re  no t a com plete  l i s t  

of th e  s o i l  f l o r a  and fa u n a .  However, th e  b a c t e r i a ,  fu n g i  and ac tinom yce tes  

e x e r t  a  p ro fo u n d  in f lu e n c e  upon th e  g e n e t i c a l  development o f  s o i l  p r o f i l e s  

as w e ll  as an i n d i r e c t  e f f e c t  uuon f o r e s t  t r e e s .  This s tu d y  i s  s t r i c t l y
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q u a n t i t a t i v e  in  i t s  approach.. In  most s o i l s  th e  q u a l i t a t i v e  d i s t r i b u t i o n  

of o rganism s rem ains  much th e  same, b u t  th e re  a r e  v e ry  marked d i f f e r e n c e s  

in  th e  q u a n t i t a t i v e  r e l a t i o n s h i p s .  B io lo g ic a l  t r a n s fo rm a t io n s  b rough t 

abou t by s o i l  organism s a re  ex trem ely  complex, and i t  i s  assumed t h a t  th e  

f o r e s t e r  p o s s e s s e s  a  g e n e r a l  background in  the  im p l ic a t io n s  o f  t h i s  s tu d y .

No a t te m p t  has  been  made to  e n ab le  th e  r e a d e r  to  ana lyze  the  r e s u l t s  of 

th e s e  exp er im en ts  by means o f  a  s t r i c t  index t h a t  w i l l  h o ld  t r u e  in  a l l  

c a s e s .  N e v e r th e le s s ,  th e  r e s u l t s  a r e  a f u n c t io n  of two independent 

b o d ie s ,  the  s o i l  and th e  f o r e s t ,  each o f  which a re  a c te d  upon by c l im a t i c  

i n f l u e n c e s ,  a l l  o f  which a r e  i n t e g r a t e d  p a r t s  o f  th e  same dynamic system 

in f lu e n c in g  the  grow th o f  t u l i p  p o p la r .  I n  a l l  com parative  s tu d ie s  

c e r t a i n  v a r i a b l e s  and in c id e n ta l  f a c t o r s  e n te r  in ;  no d i r e c t  o r  i n d i r e c t  

c o r r e l a t i o n  between th e  s o i l  and th e  growth o f th e  f o r e s t  s tan d s  d e sc r ib e d  

can be ex p ec ted  to h o ld  t r u e  in  a l l  s i t u a t i o n s .  Since no i d e n t i c a l  s tu d ie s  

l i k e  th e  one p r e s e n te d  h e re  have been made, i n t e r p r e t a t i o n  o f  d a t a  i s  

o n ly  i n d i c a t i v e  o f  p r i n c i p l e s  and t r e n d s  supp lem en ta l  to  o th e r  f a c t o r s .  

P r a c t i c a l l y  no s i l v i c a l  s tu d i e s  have s p e c i f i c a l l y  shown th e  r e l a t i o n s h i p  

of o rgan ism s to a  s e t  o f  in t e g r a t e d  s i t e  f a c t o r s  th ro u g h t a growing season . 

This  p o r t i o n  o f  the  d i s s e r t a t i o n  has th e  fo l lo w in g  s p e c i f i c  o b j e c t iv e s :

1 . To p r e s e n t  q u a n t i t a t i v e  d a ta  concern ing  b a c t e r i a ,  f u n g i ,  and 

a c t in o m y ce te s  in  two c o n t r a s t i n g  s i t e s  o f  the  same age and 

d e n s i t y .  These two s i t e s  r e p r e s e n t  an a r e a  o f  good h e ig h t  

growth and an a re a  o f  poor h e ig h t  growth of p la n ta t io n -g ro w n  

t u l i p  p o p la r .

2 . To show th e  f l u c t u a t i o n  in th e  p o p u la t io n  of organism s th ro u g h o u t 

the  growing sea.son on compared t u l i p  p o p la r  s i t e s ,  by u t i ­

l i s i n g  s o i l  ho rizons  as the  d i f f e r e n t i a t i n g  c r i t e r i o n .
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3* To c o r r e l a t e  th e  f l u c t u a t i o n  in  p o p u la t io n  of organism s 

th ro u g h o u t  th e  growing season  w ith  th e  fo l lo w in g  major 

m ic ro c l im a t ic  and edaphic  f a c t o r s  in  each a re a :

(1) s o i l - s u r f a c e  tem p e ra tu re

( 2 ) m o is tu re  c o n te n t  o f  s o i l  to  a  dep th  of s i x  inches

( 3 ) r a t e  of e v a p o ra t io n  and a i r  tem p e ra tu re

(H) s o i l  o rg a n ic  m a t te r

(5) s o i l  a c i d i t y  (pH)

In  i n t e r p r e t i n g  th e  r e s u l t s  o f  a  q u a n t i t a t i v e  m ic ro b ia l  s tudy  i t  shou ld  

be c o n s t a n t l y  k e p t  in  mind t h a t  th e  numbers o f  organisms r e f e r r e d  to a r e  

o n ly  r e l a t i v e  f ig u r e s *  They should  n o t  be i n t e r p r e t e d  as r e p r e s e n t in g  a, 

c o n s ta n t  number o f  organism s in  a  p a r t i c u l a r  s o i l ;  th e  counts  r e f e r  only  

to  th e  r e l a t i v e  abundance o f  c e r t a i n  types  o f  m ic ro b ia l  c e l l s  a t  the  t i n e  

t h a t  th e  d e te r m in a t io n  was made. G rea t changes occur when c e r t a i n  e n v iro n ­

m en ta l c o n d i t io n s  a r e  m o d if ied .  The manner in  which th e se  organisms vary  

w i th  a  s e t  o f  i n t e g r a t e d  s i t e  f a c t o r s  th roughou t an e n t i r e  growing season 

in  two c o n t r a s t i n g  t u l i p  p o p la r  h a b i t a t s  is  the  o b je c t iv e  o f  t h i s  m icro­

b i o l o g i c a l  s tu d y .  In  e sse n ce ,  th e  f i n d in g s  o f  t h i s  b i o l o g i c a l  i n v e s t i g a t i o n  

m ere ly  a t te m p t  to  c o r ro b o ra te  and v a l i d a t e  th e  m ic ro e l im a t ic  and edaphic  

s t u d i e s .  The r o l e  o f  m icroorganism s as to  t h e i r  fu n c t io n ,  a c t i v i t i e s ,  and 

t r a n s f o r m a t io n s  a r e  n o t  in c lu d ed  h e r e .  This i n v e s t ig a t i o n  i s  designed  to  

d em o n s tra te  how m ic ro b ia l  s tu d ie s  can be in c o rp o ra te d  in to  th e  f o r e s t e r ' s  

concep t o f  s i t e  q u a l i t y  by i n t e g r a t i n g  t h e  s o i l  f l o r a  w ith  o th e r  s i t e  

f a c t o r s .  S ince th e  s u r fa c e  s o i l  h o r izo n s  r e f l e c t  th e  e x te r n a l  e f f e c t s  o f  

th e  immediate env ironm ent,  th e  q u a n t i t a t i v e  c o r r e l a t i o n  of organism s to 

s o i l  and c l im a te  i s  i n t e r p r e t e d  and  p l o t t e d  by s o i l  h o r iz o n s ,  AQ and A^.
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Pig. 50.

VERTICAL DISTRIBUTION OP SOIL MICROBES IN AREA X

AND AREA Y DURING THE SPRING
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P is *  5 1 .

VERTICAL DISTRIBUTION OF SOIL MICROBES IH AREA X
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VERTICAL DISTRIBUTION OP SOIL MICROBES IN AREA X
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F i g .  5 3 .

VERTICAL DISTRIBUTION OF SOIL MICROBES IN AREA X 

AND AREA T DURING EARLY AUTUMN
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R e s u l t s

T o ta l  Abundance o f  Organisms!

The r e l a t i v e  numbers of a l l  t h r e e  c l a s s e s  o f  organisms i n v e s t ig a t e d  

i n  A rea X and Area, Y ranged  from a  minimum o f  1000 fu n g i  p e r  gram to  a  

maximum of 3*i00»0G0 "b ac te r ia  p e r  gram th roughou t th e  course  o f the  growing 

s e a s o n .  Of the  th re e  c l a s s e s  o f  o rgan ism s, th e  b a c t e r i a  were found in  

g r e a t e s t  numbers fo l lo w e d  by th e  ac tinom yce tes  snd fu n g i  (F ig u re s  50“ 5 3 ) * 

A lthough  th e  numbers o f  organisms f l u c t u a t e d  w ith  th e  s ea so n ,  th e  g r e a t e s t  

t o t a l  numbers o f  b a c t e r i a  and fu n g i  o c cu r red  in Area Y th roughout th e  

growing sea so n .  Area X e x h ib i te d  g r e a t e r  t o t a l  p o p u la t io n s  o f  an tinom ycetes  

than  A rea Y. The g r e a t e s t  d i f f e r e n c e s  in  numbers o f  organisms between 

A rea X and A rea Y o c c u r red  w ith  th e  b a c t e r i a ;  d i f f e r e n c e s  f o r  th e  fu n g i  

end a c t in o m y ce te s  were n o t  extreme w ith  the  e x ce p t io n  of th e  h o r iz o n .
c.

The s e a s o n a l  change in  numbers o f  organisms showed a  maximum count in  

s p r in g ,  a  minimum d u r in g  mid-summer, and a secondary  maximum in  ea .r ly  

autumn. This c y c l i c  f l u c t u a t i o n  th roughou t the  growing season  o ccu rred  

w i th  a l l  t h r e e  c l a s s e s  o f  organism s s tu d ie d .  The g r e a t e s t  numbers o f  

f u n g i ,  as d e te rm in ed  by p l a t e  co u n t,  were found in  the  B2 h o r izo n  f o r  b o th  

Area X and Y f o r  a l l  p e r io d s  of th e  growing sea so n . In  c o n t r a s t  to  th e  

fungad p o p u la t io n ,  th e  b a c t e r i a l  numbers were g r e a t e s t  in  th e  AQ and Aj_ 

h o r iz o n s  th ro ughou t th e  sea so n .  Actinomycete numbers were h ig h e s t  in  th e  

B2 h o r iz o n  f o r  Area X. The t o t a l  abundance of organisms in  b o th  a re a s  

was n o t  h ig h  in  r e l a t i o n  to numbers o f  organisms found in  s im i l a r  s o i l  

types  v a r ioue i n v e s t i g a t o r s .  The h ig h e s t  in d iv id u a l  b a c t e r i a l  count 

f o r  any one h o r iz o n  o ccu rred  in  Area Y a t  th e  h o r iz o n .
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Approach to  I n t e r p r e t a t i o n  of R e s u l t s :

F u n g i:  The r e s u l t s  p re s e n te d  a re  p r i m a r i l y  q u a n t i t a t i v e .  F o r  each

d i l u t i o n ,  th e  numbers shown in  F ig u re s  5^ an& 55 r e p r e s e n t

th e  number o f  c o lo n ie s  in  com posite  samples th ro u g h o u t th e

growing sea so n . Assuming t h a t  each  colony developed from a 

s in g l e  spore  o r  hypha, th e  number p e r  gram can be computed by- 

m u l t ip ly in g  th e  number on th e  p l a t e  by th e  d i l u t i o n .  A d ju s t­

ment w ith  r e f e r e n c e  to  m o is tu re  c o n te n t  of th e  s o i l  must be 

made so t h a t  the  number of organism s p re s e n t  i s  based  upon 

d ry  w eigh t o f  th e  s o i l .

B a c t e r i a  and A ctinom ycetes : The r e s u l t s  a r e  e n t i r e l y  q u a n t i t a t i v e

s in c e  no e f f o r t  was made to  i d e n t i f y  t h e  co lo n ie s  . A c tin o -  

mycete numbers a r e  computed p e r  gram based  upon d ry  w eight o f  

th e  s o i l  th e  same way as the  b a c t e r i a l  and fu n g a l  numbers.

I n t e r p r e t a t i o n  o f  R esu l ts  

In  o rd e r  to  show a  r e l a t i o n s h i p  between th e  s o i l  organisms o f  two 

c o n t r a s t i n g  t u l i p  p o p la r  s i t e s ,  an o v e r a l l  ex p lan a t io n  of the  r o l e  o f

f u n g i ,  b a c t e r i a ,  and ac tinom yce tes  in r e f e r e n c e  to what they  do i s

n e c e s s a r y .  A r e l a t i o n s h i p  e x i s t s  between the  s o i l  and f o r e s t  growth and 

i s  q u i te  v a r i a b l e  and complex. The p a r t  t h a t  each group of organisms 

p la y s  in  t h i s  s tu d y  i s  p r e s e n te d ,  fo l lo w in g  a b r i e f  d e s c r ip t i o n  o f  t h e i r  

r o l e  in  g e n e r a l .

Number of Fungi in  F o r e s t  S o i l s :

Fungi a re  f r e e  of c h lo ro p h y l l  and d e r iv e  t h e i r  energy  from the  

deco m p o s it io n  of dead o r  l i v i n g  m a t te r ,  o rg an ic  in  c h a r a c t e r .  Their
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p re v a le n c e  in  th e  s o i l  i s  c lo s e ly  t i e d  up v/ith  th e  p re sen c e  o r  absence o f  

decomposing o rg a n ic  m a t t e r .  They occu r in  s o i l s  e i t h e r  as  f r e e  molds o r  

as sy m b io tic  f u n g i  form ing m ycorrh izae  v;ith  th e  r o o ts  o f  h ig h e r  p l a n t s  as 

shown by Wilde (19^-6). The forms v?ith which th e  p r e s e n t  s tudy  i s  concerned 

a r e  th e  o r d in a r y  f i la m e n to u s  fu n g i  (Phycom ycetes, Ascomycetes and th e  Fungi 

Im p e r f e c t i )  which occu r  a,s f r e e  m olds. Fungi g e n e r a l ly  occur abu n d an tly  

in  th e  s o i l ,  p a r t i c u l a r l y  in  s o i l s  o f  h ig h  o rg a n ic  c o n te n t  where the  

a c i d i t y  is  h ig h .  This means t h a t  th e  fu n g i  can w ith s ta n d  g r e a t e r  a c i d i t i e s  

th an  th e  b a c t e r i a  and a c t in o m y ce te s .  Humbers of f u n g i  w i l l  in c re a s e  w ith  

m o is tu re  c o n te n t  p ro v id e d  th e r e  i s  good a e r a t i o n ,  and a  supp ly  of o rg a n ic  

m a t te r  w i th  t h e  p ro p e r  s o i l  r e a c t io n  as p o in te d  out by Waksman ( 1927 ) .

The g r e a t e s t  numbers of fu n g i  a re  found in  the  upper few inches  o f  s o i l  

b u t w i l l  o ccu r  to a d e p th  o f  a t  l e a s t  fo u r  o r  f i v e  f e e t .  I t  i s  e v id en t  

t h a t  th e  r o l e  o f  f u n g i  in  f o r e s t  s o i l s  cannot be over-em phasized , as they  

decompose p r o t e i n s ,  c e l l u l o s e ,  h e m ic e l lu lo se ,  and most o th e r  c a rb o h y d ra te s .  

The com posit ion  o f  th e  fungus f l o r a  of th e  s o i l  changes with, a  co rre spond ing  

change in  th e  n a tu r e  o f  th e  s o i l .  I t  Is  im portan t to  no te  t h a t  n u m e r ic a l ly ,  

as d e te rm in ed  by th e  number o f  s i n g l e  c e l l s ,  the  fu n g i  a re  fewer in  the  

s o i l  than  th e  b a c t e r i a  a l th o u g h  t h e i r  a c tu a l  abundance, as measured by 

th e  amount o f  c e l l  su b s ta n c e  p roduced , may be c o n s id e ra b ly  g r e a t e r  th an  

t h a t  o f  b a c t e r i a l  g row th . This r e s id u e  o f  m ycelia  adds to  th e  n i t ro g en o u s  

c o n te n t  of th e  s o i l  complex. As a  r u l e ,  most fu n g i  grow under a e ro b ic  

c o n d i t io n s  where most o f  the  c e l l  su b s tan ce  is  produced.

S i g n i f i c a n t  R e s u l ts  on F ung i;  (P e fe r  to g rap h s ,  p h o tog raphs , and n um erica l
da t  a)

1 .  The t o t a l  r e l a t i v e  numbers of' fu n g i  o c cu r r in g  in  b o th  p l a n t a ­

t i o n  s i t e s ,  Area X end Area T, were markedly s im i l a r  f o r  an
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e n t i r e  growing season  in  th e  fo u r  s o i l  h o r iz o n s  i n v e s t i g a t e d .  

This  l a c k  o f  a  s i g n i f i c a n t  d i f f e r e n c e  can  he seen  by r e f e re n c e  

to F ig u r e s  5^  and 5 5 , and in  T ables  52 and 5 3 .

2 . A s l i g h t l y  g r e a t e r  t o t a l  number o f  f u n g i  o c cu r red  in  Area T 

f o r  th e  t o t a l  s o i l  p r o f i l e  th roughou t th e  groining sea so n .

3- Fung i o c c u r red  in  l e a s t  t o t a l  numbers o f  organism s th a n  any 

o f  t h e  th re e  groups o f  organism s s tu d i e d .  This was t r u e  f o r  

b o th  A rea X and Area Y.

The g r e a t e s t  number o f  f u n g i  p e r  gram o f  s o i l  f o r  b o th  a re a s  

o c c u r red  in  th e  Bg h o r iz o n ,  where th e  number o f  c o lo n ie s  r i s e s  

to  1 6 ,7 0 0  p e r  gram based  on dry  w eight of the  s o i l .

5 . In  b o th  a r e a s ,  th e  fu n g a l  p o p u la t io n  in  the  AQ and A^ h o r izo n s  

was h ig h e s t  in  th e  s p r in g ,  dropped to  a  minimum in  mid-summer, 

and re ach ed  a  secondary  maximum in  e a r ly  autumn.

C onclusions  Regarding Fungus R e s u l t s :

S ince  th e r e  i s  no u s e f u l  method y e t  d ev ised  to  de term ine  how much o f  

th e  fungus m a t e r i a l  e x i s t s  in  th e  s o i l  as  mycelium o r  as sp o res  by t h i s  

i s o l a t i o n  method, t h e r e  i s  no c o n c re te  way of d e te rm in in g  what p e rc e n ta g e  

o f  th e  c o lo n ie s  i s  due to spores  and what p e rcen tag e  i s  due to  p ie c e s  o f  

m y c e l ia .  With t h i s  l i m i t a t i o n  in  mind, the  f a c t  remains th a t  th e  g r e a t e s t  

number o f  f u n g i  ( s p o re s  and m ycelia) were found a t  the  B2 h o r iz o n  in  bo th  

o l a n t a t i o n  s i t e s .  Thus, no d i r e c t  c o r r e l a t i o n  between th e se  numbers and 

th e  p o t e n t i a l  a c t i v i t y  o f  t h i s  h o r iz o n  can be made, u n le ss  i t  can be 

d e te rm in ed  what p e rc e n ta g e  o f  th e se  c o lo n ie s  a re  spores  and mycelium 

r e s p e c t i v e l y .  S ince  th e  t o t a l  number of f u n g i  i s  g r e a t e s t  a t  the  

h o r iz o n  in  b o th  a r e a s  i t  i s  p o s s ib le  to i n t e r p r e t  t h i s  r e s u l t  in  term s of
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F ig .  5U.

A pho tograph  o f  th e  r e l a t i v e  numbers o f  fu n g a l  c o lo n ie s  
o c c u r r in g  by s o i l  h o r iz o n  in  th e  a re a  o f  good h e ig h t  growth. The 
number o f  c o lo n ie s  on each p l a t e  r e p r e s e n t s  s o i l  samples e x t r a c te d  
in  th e  S p r ing  (May 20, 1951)• Note the  d im in u tio n  in  number o f  
c o lo n ie s  w ith  th e  in c re a se d  dep th  o f  th e  h o rizo n  u n t i l  th e  Bg 
h o r iz o n  i s  re a ch ed . The l a r g e r  number o f  c o lo n ie s  o c cu r r in g  in  the  
l a t t e r  h o r iz o n  is  a  f u n c t io n  o f  d ec rea se  in  pH a t  a  s o i l  d ep th  o f  
20 in c h e s .  A l l  o f  th e  d i l u t i o n s  show th e  same r e l a t i o n s h i p  w ith  
r e f e r e n c e  to  th e  number o f  c o lo n ie s .
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f a c t o r s  which l i m i t  th e  v e r t i c a l  d i s t r i b u t i o n  o f  f u n g i .  The r e s u l t s  of 

T ab les  52 and 53 r e v e a l s  in  "both a re a s  t h a t  th e  most a l k a l i n e  c o n d i t io n s  

o ccu r  a t  th e  s u r f a c e ,  and a ls o  th e  g r e a t e s t  c o n te n t  o f  o rg a n ic  m a t te r ,  

h ig h e s t  m o is tu re  c o n te n t ,  g r e a t e r  n i t r o g e n  c o n te n t  and p o r o s i t y  occur a t  

th e  same h o r iz o n .  However, th e  g r e a t e s t  fu n g a l  p o p u la t io n  occurs  a t  th e  

low er h o r iz o n .  This r e s u l t  r e v e a l s  r a t h e r  c l e a r l y  t h a t  th e  fu n g a l  

p o p u la t io n  i n  t h i s  p l a n t a t i o n  i s  a  f u n c t io n  of th e  a c i d i t y  o r  pH of the  

h o r iz o n  co n ce rn ed . The more a c id  c o n d i t io n s  a t  low er depths i s  a p p a r e n t ly  

masking th e  e f f e c t  o f  o th e r  f a c to r s *  This co n c lu s io n  re g a rd in g  th e  fu n g i  

p o i n t s  ou t b i o l o g i c a l l y  t h a t  th e  s o i l s  a r e  s t ro n g ly  a c id  and a l s o  d i s c l o s e s  

th e  11 im m a tu r i ty 11 o f  th e  f o r e s t  in s o f a r  a s  o rg a n ic  decom position  is  con­

c e rn e d .  A lso ,  t h e  s l i g h t l y  h ig h e r  t o t a l  c o n c e n t r a t io n  of f u n g i  in  A rea Y 

s u g g e s ts  t h a t  th e  s o i l s  in t h i s  a r e a  a re  a t  a  g e n e r a l ly  h ig h e r  f e r t i l i t y  

l e v e l  i n s o f a r  as  s o i l  type  is  in v o lved . These f a c t s  tend to c o r ro b o ra te  

th e  ev idence  t h a t  th e  s o i l  m o is tu re  regimen i s  masking the  e f f e c t s  of 

s o i l  t e x tu r e  as d e te rm ined  m ic r o b io lo g i c a l ly .  Thus, the  poor h e ig h t  growth 

of t u l i p  p o p la r  in  Area Y cannot be ex p la in ed  on th e  b a s is  o f  low s o i l  

b i o l o g i c a l  c o u n ts ,  s in c e  j u s t  the  r e v e r s e  s i t u a t i o n  is  in d ic a te d  by th e se  

r e s u l t s .

The r e f l e c t i o n  o f  m ic ro c l im a te  upon th e  sea so n a l  f l u c t u a t i o n  of 

f u n g i  in  th e  s u r f a c e  h o r iz o n s  of b o th  a reas  was no t so marked as w ith  

th e  b a c t e r i a l  p o p u la t io n .  However, th e  lower counts  f o r  fu n g i  in  mid— 

onmirip.T* f o r  Area Y a t  th e  s u r fa c e  h o r izo n  were d e f i n i t e l y  a s s o c ia te d  w ith  

th e  h ig h e r  e v a p o ra t io n  r s . te ,  l e s s  a v a i l a b l e  s o i l  moist'.ire, h ig h e r  a i r  

te m p e ra tu re ,  g r e a t e r  l i g h t  i n t e n s i t y ,  and h ig h e r  su r fa c e  s o i l  tem p era tu res  

o f  t h i s  h a b i t a t .  The f a i l u r e  o f the  fu n g a l  coun ts  to  c o r r e l a t e  d i r e c t l y
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Fig. 55*

A p h o to g rap h  of the  r e l a t i v e  numbers of fu n g a l  c o lo n ie s  
o c c u r r in g  by s o i l  h o r iz o n  in  the  ares, of poor h e ig h t  growth. 
The number of c o lo n ie s  on each p l a t e  d e c rea se s  w ith  d ep th  f o r  
a l l  the  in d iv id u a l  A h o r iz o n s ,  and then  in c re a s e s  s l i g h t l y  
f o r  a l l  d i l u t i o n s  u n t i l  th e  B2 h o r izo n  is  reach ed . As w ith  
Area X, th e  numbers o f  c o lo n ie s  in  the  Bg h o rizo n  i s  a 
fu n c t io n  o f  d e c re a se  in  pH c o n c e n t r a t io n  a t  a  lower dep th .

I n  c o n t r a s t  to  F ig .  5^ (Area X ), th e re  is a  g r e a t e r  
number of c o lo n ie s  in  Area Y vrith the excep tio n  of th e  3g 
h o r iz o n .  Area Y, as i l l u s t r a t e d  m ic ro b io lo g ic a l ly  above, has 
s l i g h t l y  g r e a t e r  c o n te n t  o f  o rg an ic  m a t te r ,  g r e a t e r  p o r o s i t y ,  
h ig h e r  w a te r -h o ld in g  c a p a c i ty ,  g r e a t e r  a c i d i t y ,  and a narrow er 
C/N r a t i o  than  Area X.
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w ith  th e  o rg a n ic  m a t te r  c o n te n t  o f  th e  s u r fa c e  h o r iz o n s  v/as supposed ly  due 

to  t h e  im m atu ri ty  o f  th e  p l a n t a t i o n ;  a p e r io d  of f i f t e e n  y e a r s  i s  n o t  lo n g  

w i th  r e s p e c t  to  th e  decay o f  r e s i s t a n t  t r e e  p ro d u c ts  d e p o s i te d  on th e  

f o r e s t  f lo o r *  The l e s s e r  s e n s i t i v i t y  of fu n g a l  p o p u la t io n s  a t  the  su r fa c e  

h o r iz o n s  to  m ic ro c l im a t ic  f a c t o r s  i s  su g g es ted  in  t h i s  s tu d y ,  s in c e  th e  

q u a n t i t a t i v e  coun ts  f l u c t u a t e  l e s s  r e s p o n s iv e ly  than  the  "b ac te r ia  and 

a c t in o m y c e te s .  Thus, th e  f l u c t u a t i o n  in  th e  fu n g a l  p o p u la t io n  can be 

u t i l i z e d  to  supplem ent the  e f f e c t  o f  a c i d i t y  (pH) and m ic roc lim at ic  

e lem en ts  in  s o i l s  o f  p la n ta t io n -g ro w n  t u l i p  p o p la r .  These f in d in g s  a r e  

in  a cco rd  w i th  th e  f o r e s t e r ' s  concept of s i t e  q u a l i t y  in r e l a t i o n  to 

f o r e s t  g row th .

lum bers  o f  B ac te r ia ,  and A ctinom ycetes in  T o re s t  S o i l s :

B a c t e r i a  as a  group a re  the  most abundant organism s in  the  s o i l .  In  

t h e i r  a c t i v i t i e s  and numbers they  exceed a l l  o th e r  s o i l  organism s excep t 

in  th e  b u lk  o f  o rg a n ic  c e l l  su b s tan ce  found in  th e  s o i l  as l i v i n g  and dead 

m ic ro b e s .  I t  i s  n o t  e x c e p t io n a l  to  f i n d  hundreds o f  m i l l io n s  o f  b a c t e r i a l  

c e l l s  in  a  gram o f  s o i l ,  p a r t i c u l a r l y  where th e  o rg a n ic  su b s ta n c e s  a re  

p r e s e n t  a cc o rd in g  to  Tfaksman and S ta rk e y  (193*)•

In  t h i s  s tudy  th e  b a c t e r i a  were i s o l a t e d  w ith  the  ac tinom yce tes  and 

i t  i s  a p p r o p r ia t e  to  p r e s e n t  them to g e th e r  s in c e  m ic ro s c o p ic a l ly  th e  spo res  

of th e  ac t in o m y ce te s  appear much l i k e  b a c t e r i a l  c e l l s .  However, as a  group, 

th e  ac t in o m y ce te s  may be c o n s id e red  d i s t i n c t  because  they have c h a r a c te r ­

i s t i c s  t h a t  resem ble  b o th  f u n g i  and b a c t e r i a .  Ho a ttem p t i s  made h e re  to 

s e a r e a a t e  th e  a u to t r o p h ic  and h e te r o t r o p h ic  b a c t e r i a  as to  t h e i r  p h y s io lo g y  

and morphology. Most o f  th e  b a c t e r i a  dev e lo p in g  on th e  p l a t e s  a re  h e te ro ­

t ro p h ic  fo rm s ,  r e q u i r in g  combined n i t r o g e n ,  a l th o u g h  s t i l l  l a r g e r  numbers 

may deve lop  s low ly  o r no t a t  a l l .
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L ohnis  (1886) came to  th e  c o n c lu s io n  t h a t  a d e te rm in a t io n  of b a c te r ia l ,  

numbers i n  th e  s o i l  i s  w o r th le s s  e,s an a t te m p t  in  i n t e r p r e t i n g  s o i l  phe­

nomena. However, l a t e r  s tu d ie s  have c l e a r l y  proven t h a t  s tu d ie s  on th e  

numbers o f  o rgan ism s a r e  im portan t and in d ic a t i v e  when u sed  in  co n ju n c t io n  

w ith  o t h e r  edaphic  and c l im a t i c  c o n s id e r a t io n s .  In  comparing numbers o f  

b a c t e r i a ,  no s in g l e  v a r i a b l e  such  as season  of the  y ea r  can be c o n s id e re d  

a lo n e  w i th o u t  r e f e r e n c e  to m o is tu re  c o n te n t ,  a c i d i t y ,  and o th e r  f a c t o r s  

as shown by Waksman (1927)* S tu d ie s  o f  s o i l  organism s in  n a t u r a l  and 

p l a n t e d  f o r e s t  s ta n d s  by Shipman (19^7) have shown th a t  s i t e  q u a l i t y  i s  

d e f i n i t e l y  r e l a t e d  to  s o i l  organism  p o p u la t io n s .  Most of the  b a c t e r i a  

in  th e  s o i l  develop  b e s t  a t  r e a c t io n s  of a c i d i t y  c lo s e  to  n e u t r a l i t y  

(pH7.0) The amount o f  f r e e  a i r  w ith  p o s s ib le  access  to  b a c t e r i a  may 

d e te rm in e  th e  type  o f  h e te r o t r o p h ic  b a c t e r i a  t h a t  deve lop , e i t h e r  a e ro b ic  

o r  a n a e r o b ic .  As f a r  a s  m o is tu re  c o n te n t  i s  concerned , a l l  b a c t e r i a  

r e q u i r e  a c o n s id e ra b le  supply  o f  w a te r  f o r  a c t i v e  development and i s  o f te n  

a  l i m i t i n g  f a c t o r  in  the  numbers o f  b a c t e r i a  p r e s e n t .

S ince  th e  ac t in o m y ce te s  a re  nex t to  the b a c t e r i a  in  number of forms 

d e v e lo p in g  on th e  p l a t e s ,  th e y  a r e  im portan t in  the a d d i t io n  o f  m ycelia  

to  th e  s o i l .  Here a g a in ,  l a r g e  numbers do not n e c e s s a r i l y  in d ic a te  more 

abundant g row th , b u t  a  r e s u l t  of a  g r e a t e r  abundance of c o n id ia .  I t  i s  

w e ll  to  remember t h a t  g r e a t e r  abundance r e p r e s e n ts  a  g r e a t e r  p o t e n t i a l  

a c t i v i t y  o f  o rg an ism s. The p e rcen tag e  of ac tinom ycetes  xn f o r e s t  s o i l s  

in  r e l a t i o n  to th e  number o f  b a c t e r i a  i s  im portan t in s o fa r  as  decom position  

of o rg a n ic  m a t te r  in  th e  s o i l  i s  concerned . Actinom ycetes a re  very  

s e n s i t i v e  to a c i d i t y  and to  an excess  o f  m o is tu re  and the  numbers d e c rea se  

in  s o i l s  devo id  o f  decomposed m a te r i a l ,  in comparison w ith  th e  b a c t e r i a .
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As a  g e n e r a l  r u l e ,  th e  l e s s  a c id  th e  s o i l  th e  h ig h e r  i s  the  r e l a t i v e  

abundance o f  a c t in o m y c e te s ,  Most of th e  ac tin o m y ce tes  a re  a e ro b ic  and 

as a  r u l e  a r e  more s e n s i t i v e  to  changes in  r e a c t i o n  and l i v e  over a  

n a rro w er  range o f  a c i d i t y  and a l k a l i n i t y  than  th e  b a c t e r i a  as shown by 

Ifaksman and S ta rk ey  ( I 9 3 I ) .

S i g n i f i c a n t  R e s u l ts  on B a c t e r i a  and A ctinom ycetes:

1 .  The t o t a l  r e l a t i v e  numbers of b a c t e r i a  and ac tinom yce tes  

o c c u r r in g  in  two p l a n t a t i o n  s i t e s ,  Area X and Area Y, were 

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  an e n t i r e  growing sea so n , 

in  fo u r  s o i l  h o r izo n s  in v e s t ig a te d .  This  s i m i l a r i t y  in  

q u a n t i ty  of organism s can be seen  in  Tables 52 and 53 an -̂ 

F ig u re s  50-53*

2. A s l i g h t l y  g r e a t e r  t o t a l  number o f  b a c t e r i a  o ccu rred  in  

A rea Y f o r  th e  e n t i r e  s o i l  p r o f i l e  th roughou t the  growing 

seaso n . The t o t a l  ac tinom ycete  p o p u la t io n  was g r e a t e s t  in  

A rea X,

3 . B a c t e r i a  o c cu r red  in  th e  g r e a t e s t  t o t a l  numbers o f  organisms 

than  any o f  the  t h r e e  groups of organisms s tu d ie d .  This was 

t r u e  f o r  b o th  Area X and Area Y.

The g r e a t e s t  number of b a c t e r i a  p e r  gram o f  s o i l  f o r  Area X

o c cu r red  in  the  A h o r iz o n ,  where th e  count r i s e s  to  1,7^+1,620 o
n e r  gram of s o i l .  For Area Y, the g r e a t e s t  b a c t e r i a  count 

was found in  the  h o r iz o n ,  where th e  count r i s e s  to 

2 , 0^3 ,7 5 0  p e r  gram of s o i l ,

5 ,  The g r e a t e s t  number o f  a c t in o m y ce tes  f o r  Area X o c cu r red  in 

th e  "b h o r iz o n ,  where the  count was 71*^20 p e r  gram o f  s o i l .
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For A rea Y, th e  g r e a t e s t  ac tinom yce te  p o p u la t io n  v/as found in 

th e  Aq h o r iz o n ,  where th e  count r i s e s  to  62,120 p e r  gram.

6 . I n  Area X, th e  " b ac te r ia l  p o p u la t io n  in  th e  s u r fa c e  h o r iz o n s ,

Aq and A^, was g r e a t e s t  in  th e  s p r in g ,  dropped to  a  minimum 

in  mid-summer, and reached  a secondary  maximum in  e a r ly  autumn.

In  Area Y, however, th e  b a c t e r i a  reached  a maximum in  e a r ly  

summer, a  minimum in  mid—summer, and a secondary  maximum in  

e a r ly  autumn. In  b o th  Area X and Y, th e  ac tinom ycetes  

fo llo tued  much th e  same se a so n a l  f l u c t u a t i o n  as the  f u n g i .

C onclusions  Regarding B a c te r i a  and Actinomycete R e s u l t s :

The e f f e c t s  of y e a rs  o f  in ju d ic io u s  cropping  w ithou t f e r t i l i z a t i o n  

of any k in d  is  s t r i k i n g l y  p o r t r a y e d  by th e  r e l a t i v e l y  lovr b a c t e r i a l  counts  

o f  t h i s  s tu d y ,  ta k en  th roughou t t h e  growing season . The s i m i l a r i t y  in 

t o t a l  numbers o f  b a c t e r i a  and ac tinom yce te s  fo r  bo th  Area X and Area Y 

te n d s  to  p o in t  out ( a s  w ith  th e  fu n g a l  p o p u la t io n )  th a t  th e se  two s i t e s  

a r e  e s s e n t i a l l y  m ic r o b io lo g i c a l ly  s i m i l a r  and t h a t  t o t a l  organism 

e q u i l ib r iu m  i s  b e in g  e s t a b l i s h e d  a t  a  low Q u a n t i ta t iv e  l e v e l  in  b o th  s i t e s .  

As w i th  th e  f u n g i ,  th e  t o t a l  b a c t e r i a l  p o p u la t io n  is  s l i g h t l y  h ig h e r  in 

Area Y th an  in  Area X. The c o r r e l a t i o n  o f  m icroc lim at ic  f a c t o r s  f o r  the

A and A  ̂ i s  markedly shown by comparing th e se  two h o r iz io n s  in  each a re a .

In  A rea  X, th e  g r e a t e s t  b a c t e r i a l  p o p u la t io n  i s  found in  the  Aq h o r iz o n ,  

w ith  a  v e ry  low coun t in  th e  in  Area Y, the g r e a t e s t  b a c t e r i a l  count 

i s  found  in  th e  A-j_ h o r iz o n .  This r e s u l t  i s  c l e a r ly  a f u n c t io n  of the  

g r e a t e r  a v a i l a b l e  s o i l  m o is tu re ,  low er e v ap o ra tio n  r a t e ,  lower s o i l  s u r f a c e  

te m p e ra tu re s  and h ig h e r  r e l a t i v e  hum id ity  of Area X. The canopy of th e  

t r e e  crowns in  Area X i s  a p o te n t  f a c t o r  in  p re v e n t in g  th e  e f f e c t  of the
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sun*s ra y s  from e v a p o ra t in g  s o i l  m o is tu re  d u r e c t ly  a t  th e  su rfa ,ce . In  

th e  more a r i d  s o i l  of Area Y, l a c k in g  such a  p r o t e c t i v e  l a y e r ,  the  number 

o f  b a c t e r i a  a t  th e  s u r f a c e  i s  l e s s ,  due to d e s ic c a t i o n  e f f e c t s .  In  a d d i t io n  

to  m o is tu re  c o n te n t  o f  th e  s u r f a c e  h o r iz o n s ,  th e  s o i l s  of Area X more 

c l o s e l y  app roach  a  n e u t r a l  o r  l e s s  a c id  c o n d i t io n  than  the  s u r f a c e  s o i l s  

o f  A rea Y. A n e a r  p e r f e c t  c o r r e l a t i o n  w i th  in c re a s e d  dep th  o f  h o r iz o n  

in  A rea X i s  i l l u s t r a t e d  in  F ig u re  5^* These two f a c t o r s ,  m o is tu re  c o n te n t  

and s o i l  a c i d i t y ,  a r e  thus  in  c lo s e  r e l a t i o n s h i p  to  th e  o th e r  m ic ro c l im a t ic  

f a c t o r s  o f  th e  in d iv id u a l  a r e a s .  Here a g a in ,  by u s in g  a  m ic ro b ia l  f a c t o r  

( b a c t e r i a )  i t  i s  p o s s i b l e  to p o in t  ou t t h a t  th e  s o i l  m o is tu re  regim en, 

as  a  f u n c t i o n  o f  e x t e r n a l  edaphic  and c l i m a t i c  f a c t o r s ,  i s  l i m i t i n g  w ith  

r e s p e c t  to  th e s e  t u l i p  p o p la r  s i t e s .  As w ith  th e  fu n g a l  r e s u l t s ,  the  

g r e a t e r  b a c t e r i a l  p o p u la t io n  o f  Area Y cannot be a s s o c ia te d  q u a n t i t a t i v e l y  

w ith  th e  p o o r  h e ig h t  grow th of t u l i p  p o p la r ,  s in c e  Area X p o s se s se s  a  

low er m ic ro b io lo g ic a l  coun t.

In  r e g a rd  to  th e  a c t in o m y ce te s ,  th e  l a r g e r  t o t a l  number found in  th e  

s u r f a c e  h o r iz o n s  o f Area Y su g g es ts  the  c lo se  r e l a t i o n s h i p  to  th e  fu n g i  

w i th  r e s u e c t  to  o rg a n ic  m a t te r ,  a v a i l a b le  oxygen, and s o i l  a c i d i t y .  The 

d e c re a se  in  numbers o f  a c tinom yce tes  w ith  dep th  u n t i l  th e  B^ h o r iz o n  i s  

re a c h e d ,  in  Area X, i s  a s s o c i a t e n  r a t h e r  c lo s e ly  w itn  th e  more a c id  

c o n d i t io n s  a.t g r e a t e r  d e p th s ,  to  th e  p o s s ib le  washing down o f  th e  c o n id ia  

o r  to  th e  g r e a t e r  r e s i s t a n c e  of th e se  organisms to  a  la ck  o f  oxygen.

The q u a n t i t a t i v e  r e s u l t s  o b ta in e d  he re  f o r  th re e  d i s t i n c t  groups of 

s o i l  o rganism s show t h a t  th e  b a c t e r i a  a re  most s e n s i t i v e  to m ic ro c l im a t ic  

f a c t o r s  f o r  use  as supp lem en ta l evidence in  e v a lu a t in g  p l a n t a t i o n  s i t e  

a u a l i t y .  This ev idence  is  based  upon th e  p l a t e  count method o f i s o l a t i n g



F i g .  5 8 .

B a c te r i a  and ac tinom ycete  c o lo n ie s  shoving the  r e l a t i v e  
d e n s i t y  of organisms by s o i l  ho rizon  f o r  th e  a re a  of good 
h e ig h t  growth (Area X). These s o i l  m ic ro b ia l  i s o l a t i o n s  
were made in  th e  Spring  (May 20, 1951)* A n e a r ly  p e r f e c t  
c o r r e l a t i o n  w ith  in c re a s e d  d e p th  o f h o r izo n  i s  i l l u s t r a t e d  
by t h i s  p l a t e  coun t;  the  numbers of b a c t e r i a  d ec rease  w ith  
in c re a s e d  d e p th  in  a l l  th r e e  d i l u t i o n s .  The ac tinom ycete  
counts  d e c re a se  w i th  d ep th  u n t i l  the  B2 h o rizo n  i s  reach ed , 
i l l u s t r a t i n g  t h e i r  tendency to fo llo w  the t re n d  o f  f u n g i  
f o r  s i m i l a r  h o r iz o n s .  The h ig h e r  b a c t e r i a l  count of th e  
A0 and h o r iz o n s  as shown above is  c lo s e ly  r e l a t e d  to  th e  
more aJLkaline c o n d i t io n s  of th e  su r fa ce  s o i l  as c o n t r a s t e d  
to  the  more a c id  c o n d i t io n s  a t  g r e a t e r  depths in  t h i s  a r e a .
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o rg an ism s , as u sed  in  t h i s  s tu d y .  The coun ts  made f o r  each group of 

organ ism s a re  ha.sed upon th e  average  v a lu e  o f  s i x  d u p l i c a te  p l a t e s  f o r  

each s o i l  h o r iz o n  ta k e n  fo u r  t im es  throughout th e  growing sea so n , or 

th e  averag e  of f o r t y - e i g h t  c o u n ts .



SUMMARY MD COHOLUSIOKS

A com prehensive i n v e s t ig a t i o n  of the  edap h ic ,  microclima,t i c ,  and 

m ic r o b io lo g i c a l  f a c t o r s  c o n t r ib u t in g  to th e  d i f f e r e n t i a l  h e ig h t  grow th  of 

p l a n t a t  ion-grown t u l i p  p o p la r  (L ir io d e n d ro n  t u l i p i f e r a  L .)  was u n d e r tak en . 

T his  s i l v i c a l  s tu d y  was conducted a t  th e  Fred Russ E xperim enta l F o r e s t  in 

Cass County, M ichigan , du ring  th e  growing seasons of 1951 an<! 1952. The 

i n v e s t i g a t i o n  in c lu d e s  th e  r e s u l t s  o f  s tu d ie s  made both  i n  the  f i e l d  and 

in  th e  l a b o r a to r y  in  an e f f o r t  to de term ine  th e  s i l v i c a l  requ irem en ts  o f  

p l a n t a t i o n —grown t u l i p  p o p la r .  S ince  a l a r g e  acreage  of Russ F o r e s t  i s  

p l a n t e d  to  t u l i p  p o p la r  in  v a r io u s  m ix tu re s ,  a, knowledge of th e  grow th 

h a b i t s  of t h i s  s p e c ie s  under the  c l im a t i c  c o n d i t io n s  o f  sou thw es te rn  

M ichigan seemed a d v is a b le .  In  a d d i t i o n ,  t h i s  l o c a l i t y  of Michigan 

p o s s e s s e s  a  l a r g e  number o f  fo rm ers  and p r i v a t e  owners who a re  i n t e r e s t e d  

in  c o n v e r t in g  abandoned farm lan d  in to  t r e e  farms as  a  con tin u ed  in v es tm en t.  

The p r e s e n t  s tu d y  was i n i t i a t e d  to  de term ine  th e  f e a s i b i l i t y  o f  recommending 

t u l i p  p o p la r  p l a n t i n g s  f o r  such e n t e r p r i s e s .

The r e s e a r c h  work was c a r r i e d  ou t on a  15 y ea r  o ld—20 a c re  t u l i p  

p o p l a r - c a t a l p a  p l a n t a t i o n .  O bserva tion  of the  t u l i p  t r e e s  in  t n i s  

p a r t i c u l a r  p l a n t a t i o n  show marked d i f f e r e n t i a l  r a t e s  o f  h e ig h t  growth on 

t r e e s  o f  th e  same age and d e n s i t y .  This d i f f e r e n c e  in  tn e  h e ig h t  grow th 

i s  a s s o c i a t e d  w ith  th e  p re sen ce  o f  an o ld —growth nardwood s ta n d  a d jo in in g  

the  n l a n t a t i o n  on th e  so u th  ano. w e s t .  Trees lo c a te d  next to  th e se  woods 

a re  one and o n e -h a l f  to two tim es the  h e ig h t  o f  t r e e s  n o r th  o f  the  woods.

The p l a n t a t i o n  was th u s  c o n v en ie n t ly  d iv id ed  in to  two s e p a r a te  a reas  f o r
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research  purposes* The area e x h ib it in g  good height growth was designated  

as Area X; the area o f  poor height growth was designated  as Area Y. A ll  

edaphic, m icro c lim a tic ,  and m icro b io lo g ica l  da,ta were obtained at the  

same s t a t io n s  e s ta b l is h e d  in both a reas . Maps, photographs, and s t r a ig h t -  

l i n e  tr a n se c ts  were made in the p la n ta t io n  showing the c l im a t ic  s t a t io n s ,  

b o u n d er ies , and s o i l s  of the experimental areas. A s t a t i s t i c a l  a n a ly s is  

of variance was ap p lied  to the r e s u l t s  o f  the p h ysica l and chemical s o i l  

f a c t o r s .

The laboratory  experiments on the ph ysica l-ed ap h ic  fa c to r s  on the  

two s i t e s ,  Area X and Area Y, revealed  only two p roperties  o f  an actual  

and s t a t i s t i c a l l y  s ig n i f i c a n t  d if fe r e n c e  between the two areas . These 

two f a c t o r s ,  the amount o f  f in e  c la y  and the \tfater-holding cap ac ity , were 

the on ly  two v a r ia b le s  which d if fe r e d  s ig n i f i c a n t ly  between Area X and 

Area Y. Ten p h ysica l-ed ap h ic  p rop erties  were stud ied  in d e t a i l  and 

tr e a ted  s t a t i s t i c a l l y .  The p h y s ica l  s o i l  fa c to rs  in v es t ig a te d  were s o i l  

t e x tu r e ,  s p e c i f i c  g r a v ity ,  volume weight, p o r o s ity ,  hygroscopic c o e f f i c i e n t ,  

w ater-ho ld ing  c a p a c ity ,  moisture eq u iva len t , s o i l  evaporation l o s s ,  depth 

of root p e n e tr a t io n ,  and the w ater-tab le  f lu c tu a t io n .

Laboratory experiments on the chemical— edaphic fa c to r s  o f  the s o i l s  

in  each area were trea ted  s t a t i s t i c a l l y  m  tne same manner a.s the p h ysica l  

f a c t o r s .  A summation o f s i x  rather important major chemical s o i l  p rop er tie s  

such as s o i l  a c id i t y ,  organic matter content, t o t a l  n itrogen , cat ion-exchange  

c a p a c ity ,  t o t a l  b a se s ,  and base sa tu ra tio n , ind icated  no outstanding rea l  

or s t a t i s t i c a l l y  s ig n i f i c a n t  d if fe re n c e  between the areas of good and poor 

h eight growth o f  t u l ip  pop lar, fu rth er  v e r i t i c e t io n  of the lack  of any 

outstanding chemical d if fe re n c e  was su b stan tia ted  by a study o f seven  

in d iv id u a l major n u tr ien t  e le m e n ts .
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The f i e l d  experiments concerned with, m icroclim ate, growth r a te s ,  

su n sca ld , hark th ic k n e ss ,  and p lan t su ccess io n  ivere found to he more 

c lo s e l y  a s so c ia te d  w ith  the growth d i f f e r e n t i a l  than e it i ier  the physical, 

or chemical edaphic fa ,c tors . A complete stem a n a ly s is  o f  ind iv idu a l  

tr e e s  in hoth areas revea led  the ex tern a l e f f e c t s  o f  s i t e  upon ra d ia l  

and h e ig h t  growth r a t e s .  The p h y s io lo g ic a l  "dryness” of the s i t e  in  

Area Y i s  ra ther  c l e a r ly  d is c lo se d  hy the s tru c tu ra l  v a r ia t io n  of the 

hark o f  tr e e s  in th is  area .

The e f f e c t  o f  the growing season p r e c ip i ta t io n  and temperature on 

the h e ig h t  and diameter growth o f  tu l ip  poplar fo r  a 11-year period was 

undertaken. By use o f  the c o r r e la t io n  c o e f f i c i e n t  and past records of  

the U. S. Weather Bureau, i t  was p o s s ib le  to show the  e f f e c t  of accumu­

l a t i v e  growing season p r e c ip i ta t io n  and temperature upon the h e ig h t growth 

o f  t u l ip  poplar fo r  hoth Area X and Ares, Y. Although hoth ares.s were 

l i n e a r l y  dependent upon growing season p r e c ip i ta t io n ,  Area Y was found 

to  he l e s s  e f f e c t i v e  in i t s  u t i l i z a t i o n  o f  r a in f a l l  throughout the 

growing season . A supplemental study on the ra d ia l  growth of tr e e s  in  

the a d jo in in g  old-growth hardwoods showed no c lo se  co rre la t io n  to growing 

season p r e c ip i ta t io n  throughout a s im ila r  period . The extreme sunscald  

ex h ib ite d  hy tr e e s  in  Area Y was in v es t ig a ted  and the r e s u l t s  revea l the 

in d ir e c t  e f f e c t s  o f  exposure, evaporation, a ir  temperatures and wind 

v e l o c i t y  upon the he ight growth o f t u l ip  poplar. A study o f  the herbaceous 

v e g e ta t io n  in  r e la t io n  to the s o i l  moisture conditions o f  each area was 

ca rr ied  out to c o r r e la te  the type or kind o f veg eta tio n  a s so c ia te d  w ith  

a o a r t ic u la r  h a b i ta t .  The r e s u l t s  tend to show a c o rr e la t io n  between
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s o i l  m oisture co n d it io n s  o f  each area and the kind o f  herbaceous v e g e ta t io n  

indigenous to the s i t e .

The growing season study of seven m icroc lim st ic  fa c to rs  in  Area X 

and Area Y in d ica ted  in v i r t u a l ly  every case that the in tegrated  fa c to r s  

of evaporation , re la /t ive  humidity, a ir  temperature, surface s o i l  tempera­

tu re ,  p ercen t a v a i la b le  moisture, and l i g h t  in t e n s i t y  are c lo s e ly  r e la te d  

to the marked d i f f e r e n t i a l  height groKth o f  tu l ip  poplar. The above 

fa c to r s  Kere measured d a i ly  throughout the growing season, with the  

ex cep tio n  o f  l i g h t  in t e n s i t y .

As a means of fu rth er  corroborating the f in d in gs  of the c l im a t ic  

and edaphic f a c t o r s ,  a q u a n tita t iv e  s o i l  m icrob io log ica l study was under­

taken. The r e s u l t s  o f  t h i s  in vest  igat ion show how numbers of c e r ta in  

groups of s o i l  organisms can be u t i l i z e d  to supplement and v e r i f y  other  

s i t e  q u a l i ty  f a c t o r s .  R esu lts  on the r e la t iv e  numbers of organisms found 

in ea.ch area, p o in t out the manner in which one s i t e  var iab le  can be 

masking the e f f e c t  of another vrith regard to p o s s ib le  l im it in g  fa c to r s .

Area, Y was found to be m ic r o b io lo g ic a l ly  more su ita b le  to the growth o f  

t u l i p  poplar in terms o f  organism numbers, and y e t  th is  area i s  producing 

the p oorest  t r e e s .  The manner in  which the moisture regimen i s  over­

r id in g  the e f f e c t s  o f  s o i l  f e r t i l i t y  and improved s o i l  tex tu re  i s  c le a r ly  

revea led  by th is  stud y . A lso ,  i t  was p o ss ib le  to  show how the m icrobial  

p o p u la tio n  f lu c t u a t e s  throughout the growing season under a s e t  o f  

s im u ltan eou sly  in v e s t ig a te d  v a r ia b le s .  S o il organism numbers were shorn 

to be supplemental in d ices  to the fo r e s te r * s  concept of s i t e  q u a lity  in  

terms of tr e e  growth.
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Thus, evidence "based upon a comprehensive study of the s i l v i c a l  

requirem ents of p lan ta tion -grovn  t u l ip  poplar* shows that the continuous  

s o i l -m o is tu r e  regimen throughout the growing season i s  the p r in c ip a l  

l im i t in g  fa c to r  con tr ib u tin g  to the marked d i f f e r e n t ia l  h e ight growth 

of t h i s  s p e c ie s .

The presence  o f an old-growth hardwood stand adjo in in g  the south and 

west s id e s  o f  the experimental p la n ta t io n  a l t e r s  the so i l -m o is tu re  regimen 

under a s e t  of in tegra ted  edaphic, m icroclim atic , and b io lo g ic a l  c o n d it io n s .  

This in f lu e n c e  o f the old—growth hardwoods serves to d is c lo s e  the e c o lo g ic a l  

c o n tra s t  between good and poor s i t e s  o f  t u l ip  poplar.

The s i l v i c a l  c h a r a c t e r i s t ic s  of young plantation-grown t u l ip  poplar,  

as shown by t h i s  study, in d ica tes  th is  sp ec ies  an being c r i t i c a l ,  s e n s i­

t i v e ,  and exact in g  with regard to i t s  s i t e  requirements at the fr in g e  of  

i t s  geograp hica l range.

In the establishm ent o f  p lan ta t  ion-grown tu l ip  poplar under the 

edaphic and c l im a t ic  cond it ions o f  southwestern Michigan, the fo r e s te r  

should g iv e  primary con sid era t ion  to the so i l-m o is tu re  regimen o f  t h i s  

s p e c ie s .  The r e s u l t s  of th is  in v e s t ig a t io n  emphasizes the importance of  

s o i l  m oisture in r e la t io n  to  border p la n tin g s ,  drainage, and exposure for  

proposed t u l ip  poplar p la n ta t io n s .

For maximum development, t h i s  sp ec ie s  requires s id e—srading and 

p r o te c t io n  in  i t s  e a r ly  p la n ta tio n  estab lishm ent. Eased upon th ese  

s i l v i c a l  f in d in g s ,  i t  i s  recommended th at tu l ip  poplar be in terp lan ted  

with a p r e v io u s ly  e s ta b l ish e d  s p e c ie s ,  such as white p in e , red p in e , or 

other s p e c ie s .  Tulip poplar should be in terp lanted  only when the 

"nurse trees"  are o f  s u f f i c i e n t  s iz e  to g ive  maximum sid e  p r o te c t io n  to
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t h i s  s p e c ie s*  As th e  t u l i p  t r e e s  re a ch  a  s i z e  v'hen s id e - sh a d in g  i s  no 

lo n g e r  r e q u i r e d ,  th e  “n u rse  t r e e s 11 can he removed i f  pure  t u l i p  i s  

d e s i r e d .
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