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ABSTRACT

V eg e ta t io n -en v iro n m en t re la t io n s h ip s  were s tu d ied  in  40 p lo ts  

lo c a te d  on th e  s lo p e s  and th e  f lo o d p la in  w ith in  th e  U n iv e rs i ty  of North 

D ako ta  F o res t  River Biology Area in  n o r th e a s te rn  North D a k o ta .  Three of 

t h e s e  p lo t s ,  e ac h  dom inated  by a d iffe ren t  m ajor t re e  s p e c i e s ,  were 

s e le c te d  for a d e ta i le d  s tu d y  (May to  O c to b er ,  1971) of n u tr ien t  input by 

l i t t e r f a l l , th ro u g h fa l l , and s tem flow .

C o v erag e  v a lu e s  for 109 s p e c ie s  of v a s c u la r  p la n ts  and b a s a l  

a r e a ,  f req u e n cy ,  d e n s i t y ,  and m en su ra t io n  d a ta  w ere  de te rm ined  for 

s e v e n  t re e  s p e c i e s .  A to ta l  of 10 s p e c ie s  of m o s se s  and 15 of l ic h e n s  

a re  reported  for th e  40 p lo t s .

D om inant (based on im portance  va lue) o v e rs to ry  s p e c ie s  are  

Q uercus  m a c r o c a rp a . T ilia  a m e r ic a n a , and Frax inus p e n n sy lv a n ic a  v a r .  

su b in te g e r r im a . Subord inate  o v e rs to ry  s p e c ie s  in c lu d e  Ulmus am er ican a  . 

Acer n e q u n d o . Populus trem u lo id e s  . and Betula p a p y r i f e r a . T ree -r in g  

a n a ly s i s  in d ic a te s  th e  p re s e n t  fo re s t  is  l e s s  th an  100 y e a rs  o ld .

C o rre la t io n  a n a ly s i s  re v e a ls  th a t  th e  b a s a l  a rea  of t r e e s  and th e  

number and co v e rag e  v a lu e s  of h e rb a ce o u s  s p e c ie s  is  h igher  on low er 

e le v a t io n s  and so u th  e x p o s u r e s .  Slope in c l in a t io n ,  a s p e c t ,  and e le v a t io n  

more s tro n g ly  in f lu en ce  th e  d is t r ib u t io n  of th e  h e rb a ce o u s  e lem en t th an  

th e y  do t r e e s  and sh rubs  .
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P rincipal com ponent a n a ly s i s  and S w an -D ix -W eh rh ah n  o rd in a tio n  

were u sed  to  group o b je c t iv e ly  th e  40 s ta n d s  in to  f ive  a b s t r a c t  com m unity 

ty p e s  . P r inc ipal com ponent a n a ly s i s  produced  s im ila r  bu t more d i s t i n 

g u ish a b le  g roupings th a n  th e  S w an -D ix -W eh rh ah n  m e th o d .

Environm ental so i l  pa ram ete rs  m easu red  for e a c h  horizon  w ith in  

the  roo ting  zone  in c lu d e  a v a i la b le  w a te r  c a p a c i ty ;  pH; s p e c if ic  c o n d u c 

t iv i ty ;  c a t io n  e x ch an g e  c a p a c i ty ;  p e rc en ta g e  o rgan ic  m atte r;  w a te r  so lu b le  

c a lc iu m , m ag n es iu m , sod ium , and p o ta ss iu m ; re p la c e a b le  c a lc iu m , m ag

n e s iu m , sod ium , p o ta s s iu m ,  s t ro n tiu m , and m an g an e se ;  a v a i la b le  p h o s 

phorus; and ED T A -extrac tab le  c o p p e r ,  s tro n tiu m , m a n g a n e s e ,  z in c ,  

n ic k e l ,  i ro n ,  l e a d ,  a lum inum , and s i l i c o n .

Topographic  and so il  pa ram ete rs  w ere  u sed  for s t e p w is e -  

e l im in a tio n  m ultip le  r e g re s s io n s  to  d e v e lo p  p re d ic t iv e  e q u a tio n s  for the  

d is t r ib u t io n  of p la n t  s p e c i e s .  Based on re s u l t s  from m ultip le  re g re s s io n  

a n a l y s i s ,  g ra d ie n ts  for p o te n t ia l  s o la r  beam  i r r a d ia t io n ,  a v a i la b le  w a te r  

c a p a c i ty ,  e le v a t io n ,  l in e a r  a s p e c t ,  s lo p e ,  and re p la c e a b le  p o ta ss iu m  

were e s t a b l i s h e d .  U sing  co v e rag e  v a l u e s ,  e c o lo g ic a l  m o d a l i t ie s  of 

s e le c te d  s p e c ie s  a re  d em o n s tra ted  a long  th e  q u a n tif ied  g ra d ie n ts .  

G e n e ra l ly ,  t r e e s  show  a b im o d a l , sh rubs  and herbs  a unim odal d i s t r ib u 

t io n .  The d is t r ib u t io n  of com m unity ty p e s  a long  th e s e  g ra d ie n ts  a re  a l so  

sh o w n . R e la t io n sh ip s  of s tan d s  in  s e v e ra l  b iv a r ia te  co m b in a tio n s  show  

p a t te rn s  of com m unity ty p e  d is t r ib u t io n  re sem bling  th o s e  o b ta in ed  by 

s tan d  o rd in a t io n .  W h erea s  p ronounced  v e g e ta t io n  d i f f e re n c e s  o ccu r  

b e tw ee n  s lo p e s  and f lo o d p la in ,  th e  v e g e ta t io n  p a t te rn  on the  s lo p e s  is
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c o n tin u o u s  and o v e r la p p in g .

In te rcep tio n  of in c id e n t  ra in fa l l  by th e  T ilia  am er ican a  can o p y  

(24.3%) w as h igher  th a n  by th e  Fraxinus p e n n sy lv a n ic a  (12.3%) and 

Q uercus  m acrocarpa  (11.4%) c a n o p ie s  .

Input of c a lc iu m , m ag n es iu m , p o ta s s iu m ,  and phosphorus  in  ne t 

ra in fa l l  (throughfall p lus  stem flow) w as g r e a te s t  under the  Tilia c a n o p y . 

and th e  input of sodium and su lfa te  w as g r e a te s t  under the  Fraxinus 

c a n o p y .

Although s e a s o n a l ly  v a r ia b le ,  to ta l  l i t t e r  p ro d u c tio n , ranging  
2

from 247 to  265 g /m  for th e  c o l le c t in g  p e r io d ,  w as  n ea r ly  th e  sam e in  

th e  th ree  s i t e s  s t u d i e d . C alc ium  le v e l s  were  n o t ic e a b ly  h ig h e r  in woody 

l i t t e r ,  and m ag n es iu m , p o ta s s iu m ,  and p h o sphorus  w ere h igher  in  n o n -  

woody l i t t e r .  The l a r g e s t  inpu t of m ineral e lem en ts  occurred  a s  fo llow s: 

c a lc iu m , sod ium , p o ta s s iu m ,  p h o sp h o ru s ,  s t ro n tiu m , z in c ,  and copper 

in th e  s i t e  dom inated  by  T ilia : m a n g a n e s e ,  i ro n ,  and aluminum in  th e  

Q u ercu s  s i te ;  and m an g an e se  in  th e  Frax inus s i t e .

The com bined  to ta l  inpu t by ne t ra in fa l l  and l i t te r f a l l  of c a lc iu m , 

p o ta s s iu m ,  m ag n es iu m , p h o sp h o ru s ,  and sodium  in  k ilogram s per h e c ta re  

in  th e  th ree  s i t e s  ranged  from 3 9 .8  to  6 8 .4  , 2 2 .5  to  3 7 .6  , 8 .8  to  9 .9  , 

5 .6  to  1 0 .6 ,  and 17.5  to  2 0 . 8 ,  r e s p e c t iv e ly .

It is  s u g g e s te d  th a t  fu n c tio n a l a s p e c t s  on p ro d u c tiv i ty  and c y c l 

ing in  e c o s y s te m s  be  p rec ee d ed  by  w ell docum ented  v e g e ta t io n -  

environm ent r e l a t i o n s h i p s .
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INTRODUCTION

Although fo r e s ts  co v er  on ly  a sm all p e rc en ta g e  of the  to ta l  land  

a rea  in  North D a k o ta ,  th e y  a re  a v a lu a b le  re so u rc e  for tim ber p ro d u c tio n , 

p rev en tio n  of so il  e ro s io n ,  r e c re a t io n a l  p u rp o s e s ,  and th e i r  in h e ren t  a e s 

th e t ic  v a lu e .  T hese  fo re s ts  a re  l im ited  prim arily  to  s tream  v a l le y s  and 

a re  re fe rred  to  a s  g a l le ry  f o r e s t s .

Only a few  s tu d i e s ,  e s p e c ia l l y  th o s e  d e a l in g  w ith env ironm enta l 

r e l a t i o n s h i p s , h av e  b e en  co n d u c ted  on th e s e  fo re s ts  . R ecent work on the  

g a l le ry  fo re s ts  in North D ako ta  in c lu d e s  th e  s tu d ie s  of B urgess and h is  

s tu d e n ts  (Johnson, 1971; Keam m erer, 1972; W a n e k ,  1967) and N e lso n  

(1964). It is  hoped th i s  s tudy  w ill  co n tr ib u te  to the  lim ited  know ledge  of 

fo re s t  e c o s y s te m s  in North D a k o ta .

This s tu d y  w as  u n d e r ta k en  to  exam ine  som e of the  s t ru c tu ra l  and 

fu n c tio n a l  a s p e c t s  of a g a l le ry  fo re s t  e c o s y s te m .  S p ec ia l  e m p h as is  w as  

p la ce d  on th e  e c o sy s te m  ap p roach  in  r e la t in g  b io t ic  and a b io t ic  fa c to rs  

on tw o le v e l s :  (1) th e  s t ru c tu re  and d is t r ib u t io n  of v e g e ta t io n  in  re la t io n  

to  env ironm enta l  g ra d ie n ts  and (2) th e  fu n c tio n a l  ro le  of l i t t e r  p roduction  

and ra in fa l l  in  n u tr ien t  c y c l i n g .

The d is t r ib u t io n  of v e g e ta t io n  s tu d ie d  on th e  le v e l s  of env ironm en

ta l  f a c to r s ,  p o p u la t io n s ,  and com m unity  c h a r a c te r i s t i c s  is  term ed "g rad i

en t a n a ly s i s "  (W hittaker, 1967). G rad ien t a n a ly s i s  , a com plex  a p p r o a c h , 

i s  in  i t s  ea r ly  s ta g e s  of d e v e lo p m en t .  P ioneer work in  th i s  a re a  w as  done

1
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by W h it ta k e r  (1956, 1960) and la te r  ex ten d ed  by Bray and C u rtis  (1957), 

Loucks (1962), W aring and  M ajo r (1964), and W h ittak e r  and  N iering 

(1965). M ore r e c e n t ly ,  W ali  and Krajina (1972) u t i l iz e d  th e  g rad ien t  

a n a ly s i s  ap p ro ach  and Bormann e t  a d . (1970), G rigal and Arneman (1970), 

M owbray and O osting  (1968), S ic c a m a , Bormann, and L ikens (1970), and 

W alker  and W ehrhahn (19 71) c o n d u c ted  s tu d ie s  c lo s e ly  re la te d  to  b u t  not 

c o m p le te ly  g rad ie n t  a n a ly s i s  in  n a tu re .

A number of th e  ea r ly  s tu d ie s  have  b e en  in  a re a s  w here  th e  g ra 

d ie n ts  co n tro ll in g  th e  d is t r ib u t io n  of v e g e ta t io n  a re  obv ious  (G reig-Sm ith , 

1964). In a d d i t io n ,  a number of w orkers  hav e  u s e d  env ironm enta l d a ta  

b a se d  on q u a l i ta t iv e  g ra d ie n ts  g e n e ra l ly  e s ta b l i s h e d  from a la rg e  number 

of f ie ld  o b s e r v a t io n s .  Q u a n t i ta t iv e  d a ta  supporting  env ironm enta l  g ra d i

en ts  a re  la c k in g  (H a a se ,  1970). To overcom e som e of th e s e  sh o r tc o m in g s ,  

th is  s tu d y  w as  c o n d u c ted  in  a sm all g eog raph ic  a rea  w here  env ironm enta l 

g ra d ie n ts  a re  not a s  sh a rp ly  p ronounced  a s  in  a la rg e r  a r e a .  An a t tem p t 

w as  m ade to  q u an tify  a s  many env ironm enta l pa ram ete rs  a s  p o s s ib le  in  an 

effort to  de te rm ine  some of the  more su b t le  v e g e ta t io n -e n v iro n m e n t  r e l a 

t io n s h ip s  . This s tu d y  th u s  r e p re se n ts  an  in te n s iv e  ra th e r  th a n  an  e x te n 

s iv e  effort in  re la t in g  v e g e ta t io n  to  env ironm enta l g ra d ie n ts  .

W h it tak e r  (1967) o u t l in e s  tw o b a s ic  a p p ro a ch e s  to  g rad ien t  a n a ly 

s is  . O n e , "d irec t  g ra d ie n t  a n a ly s i s "  is  b a se d  on re la t in g  v e g e ta t io n  to  

p rede term ined  or a c c e p te d  env ironm enta l g r a d ie n t s ,  th e  o th e r ,  " in d irec t  

g ra d ie n t  a n a ly s i s "  req u ire s  a rrangem en t of v e g e ta t io n  in  a c c o rd a n c e  w ith  

s p e c ie s  co m p o s i t io n  and th e  su b se q u e n t  re la t in g  of v e g e ta t io n  to
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re s p e c t iv e  env ironm enta l  p a ram ete rs  .

The p re s e n t  s tu d y  in c o rp o ra te s  th e  m ethodology  of bo th  d i re c t  and 

in d i r e c t  g ra d ie n t  a n a ly s i s  . In a cc o rd a n c e  w ith  th e  g ra d ie n t  a n a ly s i s  a p 

p ro a c h ,  th e  s p e c i f ic  o b je c t iv e s  of th is  s tu d y  w ere  to : (1) o b ta in  d a ta  on 

th e  d is t r ib u t io n  of th e  p lan t  s p e c ie s  w ith in  th e  s tu d y  s i t e s ,  (2) in v e s t ig a te  

in te rs ta n d  re la t io n s h ip s  and group s ta n d s  in to  com m unity t y p e s ,  (3) q u a n 

t i fy  to p o g rap h ic  and so il  fa c to rs  a s s o c ia te d  w ith  v e g e ta t io n ,  (4) c o r re la te  

th e  v e g e ta t io n  and  env ironm enta l fa c to rs  a t  the  le v e l  of s p e c ie s  and  com 

m unity  t y p e s ,  and (5) de te rm in e  th e  r e la t iv e  im portance  of env ironm enta l 

fa c to rs  s tu d ied  in  th e  d is t r ib u t io n  of s p e c ie s  and  com m unity t y p e s .

W ate r  and n u tr ien ts  a re  two of th e  e s s e n t i a l s  requ ired  for th e  

m a in ten an ce  of a fo re s t  e c o s y s te m .  W ate r  is  p rim arily  fed in to  an  e c o 

sy s tem  by r a i n f a l l , and n u tr ien ts  by  r a i n f a l l , d u s t f a l l , l i t t e r f a l l , and 

w ea th e r in g  of underly ing  rocks  . L oss  of w a te r  and n u tr ien ts  a s s o c ia te d  

w ith  le a c h in g  and  e ro s io n  from an  e c o s y s te m  may be  s ig n if ic a n t  (Likens 

e t  a l . , 1967). T h u s ,  th e  inpu t of bo th  is  im portan t in  m a in ta in ing  a b a l 

a n ce  in  th e  e c o s y s te m .

Production  of l i t t e r  and i t s  im portan t ro le  in  re p le n ish m en t  of 

n u tr ien ts  in  an  e c o sy s te m  h as  b e en  em p h as ized  by  Bray and Gorham 

(1964), O ving ton  (1962), and Rodin and B az ilev ich  (1967). S tu d ies  r e l e 

v an t  to  n u tr ien t  inpu t by l i t te r f a l l  hav e  b e e n  c o n d u c ted  in  t ro p ic a l  fo re s t  

e c o s y s te m s  by  G reen land  and Kowal (1960) and Nye (1961). M ore r e c e n t 

l y ,  s im ila r  s tu d ie s  have  b e en  c o n d u c ted  by  C a r l i s l e ,  Brown and W hite  

(1967), C o le ,  G e s s e l , and D ice  (1967), H ughes (1971), N ih lgard  (1972),
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R einers  and R einers  (1970), and o th e rs  in  tem p e ra te  f o r e s t s .

W h erea s  l i t te r f a l l  c o n s t i tu te s  a form of n u tr ien t  input from w ith in  

an e c o s y s te m ,  su ch  is  g e n e ra l ly  not tru e  for ra in fa l l  and d u s t f a l l .  Rain

fa ll  coming in to  a fo re s te d  e c o sy s te m  i s  in te rc e p te d  by p la n ts  in  vary ing  

d e g re e s  d epend ing  on th e  s p e c ie s  (C lem en ts ,  1971; C a r l i s l e ,  Brown and 

W h ite ,  1965; H e lv ey  and P a t r i c , 1965). Rainfall th a t  i s  no t in te rc ep ted  

re a c h e s  th e  fo re s t  floor th rough s tem flow  or th ro u g h f a l l . The to ta l  inpu t 

of w a te r  and n u tr ien ts  by th roughfa ll  h a s  b e en  shown to  be c o n s id e ra b ly  

more th a n  th a t  by s tem flow  (C arlis le  e t_ a l . . , 1967; M c C o l l , 1970; 

N ih lg a rd ,  1970).

Not on ly  do c a n o p ie s  of d if fe ren t  t r e e  s p e c ie s  in te rc e p t  d if fe ren t  

am ounts  of ra in w a te r ,  bu t th e y  a l s o  a l te r  i t s  c h em ica l  co m p o si t io n  a s  i t  

p a s s e s  th ro u g h . T hese  a l te ra t io n s  hav e  b een  su g g e s te d  to  r e s u l t  from 

fo lia r  le a c h in g  (Attiwill, 1966; Rodin and B az i le v ic h ,  1967; Tukey and 

M eck len b u rg ,  1964) and from fo lia r  ab so rp t io n  (F ranke, 1967; Tukey, 

W ittw e r ,  and B u k o v ac , 1962). The l i te ra tu re  on th e s e  s u b je c ts  i s  rev iew  

ed in  d e ta i l  by A ttiw ill (1966) and Thomas (1969).

The annua l sum of n u tr ien ts  in l i t t e r f a l l ,  d u s t f a l l ,  s tem flo w , and 

th roughfa ll  is  a m easu re  of the  ra te  of th e  n u tr ien t  cy c l in g  (N ye, 1961). 

The p re s e n t  s tu d y  in c lu d ed  an  in v e s t ig a t io n  of some of the  p a t te rn s  and 

p r o c e s s e s  in f lu en c in g  th e  ra te  of nu tr ien t  cy c lin g  w ith in  th is  fo re s t  e c o 

s y s te m .  The s p e c i f ic  o b je c t iv e s  were to :  (l) e v a lu a te  the  s e a s o n a l  v a ria  

t io n  in  th e  p roduc tion  and n u tr ien t  c o n ten t  of t r e e  l i t t e r  and annua l produc 

t io n  and  inpu t of n u tr ien ts  by l i t t e r  w ith in  th re e  fo re s t  s i t e s , e ach
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dom inated  by a d if fe ren t  t re e  s p e c i e s ,  (2) de te rm ine  p o s s ib le  d i f fe ren c es  

in  th e  am ount of in te rc ep t io n  of ra in fa l l  and a l te ra t io n  of ch em ica l  com 

p o s i t io n  of ra in fa l l  by th re e  s p e c ie s  of t r e e s  , (3) m easu re  to ta l  inpu t of 

n u tr ien ts  by s tem flow  and th roughfa ll  under e ac h  of t h e s e  t re e  s p e c i e s ,  

and (4) de te rm in e  com bined to ta l  in p u t of n u tr ien ts  by s tem flow , th ro u g h -  

f a l l ,  and l i t te r f a l l  and a s s e s s  th e  co n tr ib u tio n  of e a c h .



GENERAL DESCRIPTION OF THE STUDY AREA

L oca tion

The F o re s t  River Biology A re a , an  e c o lo g ic a l  f ie ld  s ta t io n  of the  

U n iv e rs i ty  of North D a k o ta ,  is  s i tu a te d  on th e  w e s te rn  edge  of th e  Red 

River Valley in  Grand Forks C o u n ty ,  80 k i lo m e te rs  n o r th w es t  of Grand 

F o rk s ,  North D a k o ta ,  a t  4 8 °1 0 'N  la t i tu d e  and 97°41 'W  lo n g itu d e  (Figure]). 

The F o re s t  R iver, w h ich  flow s th rough  th e  a r e a ,  is  one of th re e  p e ren n ia l  

s tre am s  in  Grand Forks C oun ty  w hich  flow  e a s t  and n o r th e a s t  in to  th e  Red 

River of th e  N orth . S im ilar s tream s  in  e a s te r n  North D ako ta  d ra in  in to  th e  

Red River a t  v a r io u s  in te rv a ls  a long  th e  en t i re  le n g th  of th e  v a l l e y .  All 

of th e  v a l le y s  formed by th e s e  s tre am s  a re  for the  m ost part fo re s te d  in  an  

o th e rw ise  p ra ir ie  re g io n .

The Biology Area (Figures 1 and  2) c o n s i s t s  of 6 4 .8  h e c ta re s  (160 

a c re s )  in c lu d in g  u p land  p ra ir ie  and g a l le ry  fo re s t  lo c a te d  in  S 1/2 , SW 1/4, 

s e c  11 and N 1 /2 ,  NW 1 / 4 ,  s e c  14, T154N, R55W. The up land  p ra ir ie  

p o rtions  a re  lo c a te d  near  th e  n o r th w es te rn  and so u th ern  b o u n d a r ie s  a t  an  

e le v a t io n  of 334 m ete rs  (m). Valley  s lo p e s  range  from 5 to  4 0 °  and  c o n 

verge  on  the  f lo o d p la in  a t  an  e le v a t io n  of ab o u t 3 12 m .

Small p e re n n ia l  and in te rm it ten t  sp r in g - fe d  s tream s  hav e  eroded  

s e v e ra l  la rg e  c o u le e s  w hich  le ad  in to  th e  r iv e r .  The la r g e s t  p e ren n ia l  

sp ring  is  th e  " In k s te r  Spring" w hich  e n te r s  th e  Biology Area from th e

6



8

0 100 200



9

Fig . 2 . —An a e r ia l  v iew  of th e  c e n tra l  portion  of th e  F o re s t  River 
Biology A re a .



10

s o u th w e s t .  It h a s  a s e a s o n a l  range  in  d is c h a rg e  of 2 00 to  700 g a l lo n s  

per m inute  (Kelly and P a u lso n ,  1970). T hese  c o u le e s  and th e  r iv e r  v a l le y  

i t s e l f  p rovide s lo p e s  of d if fe ren t  ex p o su re  and s lo p e  in c l in a t io n .  R e su l t 

ing d iv e r s i ty  in  env ironm ent h a s  p roduced  a r ich  v e g e ta t io n  w ith in  a sm all 

g eo g rap h ic  a r e a .  B ecause  of t h i s ,  the  a rea  w as c o n s id e re d  id ea l  for a 

g r a d ie n t - a n a ly s i s  s tu d y .

C lim ate

The c l im a te  of Grand Forks C ounty  is  subhumid and m eso therm al 

(T horn thw aite , 1948) and is  c h a ra c te r iz e d  by a w ide tem p era tu re  ra n g e ,  

co ld  dry  w in te r s ,  and s h o r t ,  w arm , m o is t  su m m ers .  The p rev a il in g  w inds 

a re  n o r th w e s te r ly  and m onthly  a v e ra g e s  range  from 1 2 .8  to  17 .6  k ilom ete rs  

pe r  hour (U .S . D epartm en t of C om m erce , 1959).

A c l im a tic  d iagram  for Grand F o rk s ,  North D a k o ta ,  b a se d  on 69 

y e a r  re co rd s  (1898 to  1966), i s  show n in  F igure 3 .  This d a ta  (U .S . 

D epartm en t of C om m erce , 1967) is  r e p re s e n ta t iv e  of w e a th e r  co n d i t io n s  in 

th e  s tu d y  a r e a .  The mean annua l tem pera tu re  is  4 .0 5 °  C (3 9 .3 °  F), th e  

m ean d a i ly  minimum is  - 2 . 0 6 °  C (2 8 .3 °  F ) , and th e  m ean d a i ly  maximum 

is  1 0 .1 °  C (5 0 .2 0 °  F ) . January  is  th e  c o ld e s t  m on th , w ith  a m ean m onthly  

tem p e ra tu re  of - 1 5 . 4 ° C  ( 4 .2 ° F ) ,  and July is  the  w arm est m on th , w ith  a 

m ean m onth ly  tem p e ra tu re  of 2 0 .6 °  C (6 9 .2 °  F ) . D ay le n g th  ranges  from 

9 1/4  hours  on January  2 1 to  16 1/4  hours  on June 2 1 .

The a v e rag e  d a te s  for th e  l a s t  k i l l in g  f ro s t  in th e  spring  and the  

f i r s t  k i l l in g  fro s t  in  th e  fa l l  a re  M ay 15 and Sep tem ber 2 4 .  The a v e rag e  

f r o s t - f r e e  s e a s o n  i s  131 d a y s .  This i s  a r e la t iv e ly  short  grow ing s e a s o n .



1 1

F ig .  3 . — C lim a tic  d iagram  for Grand F o rk s ,  North D ako ta  b a se d  
on  69 y e a r  re co rd s  (1898 to 1966).
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Average d ep th  of f ro s t  p e n e tra t io n  v a r ie s  from 1 .1  to  1 .4  m (M cC lelland  

e t  a l .  , 1959). M ean  an n u a l  to ta l  p re c ip i ta t io n  i s  508 m ill im eters  (mm). 

This am ount in c lu d e s  an  av e rag e  of 889 mm of snow  (U .S . D epartm en t of 

C om m erce , 1967). M ore th a n  th re e - fo u r th s  of th e  p re c ip i ta t io n  i s  r e c e iv 

ed from April to  S ep tem b e r .

G eology

The geo lo g y  of Grand Forks C ounty  is  d e sc r ib e d  in  d e ta i l  by 

H a n se n  and Kume (1970) and is  th e  b a s i s  for th e  fo llow ing d i s c u s s i o n .

All of e a s te r n  North D ako ta  w as  a t  one  tim e g la c ia te d  w ith  th e  m ost re c e n t  

g la c ia t io n  be ing  la te  W is c o n s in .  D uring th i s  p e r io d ,  ic e  b lo ck ag e  of 

e x is t in g  r iv e r  sy s te m s  r e s u l te d  in  th e  fo rm ation  of Lake A g a s s iz .  A por

t io n  of th i s  la k e  o c c u p ie d  w hat i s  p re s e n t ly  known a s  th e  Red River V alley .

The s tu d y  a rea  l i e s  on th e  w e s te rn  edge  of th e  Red River V alley . 

T o p o g rap h ica lly ,  th e  d i s t r i c t  s lo p e s  s l ig h t ly  e a s tw a rd  tow ard  th e  Red 

R iver. The g eo lo g y  he re  is  com plex  b e c a u s e  th e  a re a  h a s  b e en  bo th  g l a 

c ia t e d  and  co v ered  by an  a n c ie n t  l a k e .  As a r e s u l t ,  bo th  g la c ia l  and 

la c u s t r in e  d e p o s i t s  a re  p r e s e n t .  The g la c ia l  d e p o s i t s  a re  l a te  W isc o n s in  

and c o n s i s t  of a s e r ie s  of t i l l  s h e e t s  w ith  a com bined  th ic k n e s s  of ap p ro x 

im a te ly  60 m . The m ost re c e n t  s h e e t s  have  b een  rad io carb o n  d a ted  a t

13 ,000  y e a r s  (C lay ton , 1972). O verly ing  th e s e  i s  a 15 m la y e r  of s tream  

sed im en t com posed  of sand  and g ra v e l .  This w as formed w hen  th e  m argin 

of th e  g la c ie r  p e r s i s te d  for som e tim e a short  d i s t a n c e  e a s t  of th e  r e s e a rc h  

a r e a .  S uperim posed  upon  th e s e  d e p o s i t s  is  a b e a c h  w ith  a to ta l  th ic k n e s s  

of 1 .5  to  3 .0  m . I t  m arks a former le v e l  of g la c ia l  Lake A g a s s iz .
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Bedrock l i e s  75 to  90 m b e n e a th  th e  su r fa ce  and c o n s i s t s  of 

P a le o zo ic  and M e so z o ic  sed im en ta ry  rocks  overly ing  Precam brian  m e ta -  

morphic and ig n eo u s  ro ck s  .

The F o re s t  R iver, w hich  h a s  i t s  h e a d w a te rs  in th e  d r if t  p ra ir ie  to  

th e  w e s t ,  h a s  cu t  d e e p ly  th rough  b e a c h  and o u tw a sh  d e p o s i t s  exposing  

g la c ia l - t i l l  on low er v a l le y  s l o p e s .  In p la c e s  on th e  v a l le y  f lo o r ,  th e  

scou r ing  a c t io n  of th e  r iv e r  h a s  ex p o se d  p a tc h e s  of b o u lde r  p a v em en t .

Stream d e p o s i t s  on  th e  f lo o d p la in  a re  s a n d y ,  re f le c t in g  th e i r  o rig in  

from lo c a l  b e a c h  and o u tw a sh  m a te r ia ls  . They are  much c o a r s e r  th a n  the  

s i l t  and c la y  found fa r th e r  e a s t  w here  th e  r iv e r  flow s over la k e  sed im en ts  

d e p o s i te d  on th e  bottom  of g la c ia l  Lake A g a s s iz .

Perm eable  d e p o s i t s  a re  an  im portan t so u rce  of w a te r  s to ra g e  in  

subhum id r e g io n s .  One of th e s e  d e p o s i t s ,  th e  In k s te r  A q u ife r , u n d e r l ie s  

th e  so u th ern  pa rt  of th e  Biology A re a . The w a te r  t a b le  s lo p e s  northw ard 

tow ards  th e  boundary  of th e  a q u i fe r ,  th e  F o res t  R iver, p roviding a so u rce  

for th e  sp rin g s  p re s e n t  on th e  n o r th - fa c in g  s lo p e s  (Kelly and P a u lso n ,  

1970). Some d is c h a rg e  a r e a s  e x i s t  on low er n o r th - fa c in g  s lo p e s  and fo l

low ing  p eriods  of h eav y  ra in fa l l  may a c c o u n t  for s lum ping on t h e s e  s l o p e s . 

The p re s e n c e  of th i s  aq u ife r  a f fe c t s  th e  m o is tu re  reg im e on low er n o r th 

fac in g  s l o p e s .

So ils

The s o i l s  of e a s t e r n  North D ako ta  a re  p redom inan tly  H ap loboro lls  

(Chernozem s) w hich  hav e  formed under  t a l l  g ra s s  v e g e ta t io n  on g l a c i a l ,  

s t r e a m , or la k e  p a ren t  m a te r ia l  (Omodt e t  a l .  , 1968). They hav e  ve ry
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dark  A ho rizons  th a t  a re  h igh  in  o rgan ic  m a tte r  and  hav e  low  carbon  to 

n i trogen  r a t io s  (M cClelland  e t ^ a l . , 1959). So ils  in m ost of th e  s tudy  

a rea  a re  H a p lo b o ro l l s , b u t U s t i f lu v e n ts  a re  p re s e n t  on th e  f lo o d p la in .  

So ils  on the  upper s lo p e s  hav e  d e v e lo p ed  on b e a c h  san d  and  o u tw ash  

p a ren t  m a te r ia l ,  th o s e  on low er s lo p e s  on g l a c i a l - t i l l ,  and th o s e  on th e  

f lo o d p la in  on s an d y  s tream  sed im en ts  . Thick e o l ia n  d e p o s i t s  o ccu r  on 

sou th  and s o u th e a s t - f a c in g  s l o p e s .

Slope in c l in a t io n  and sh ap e  a re  tw o im portan t to p o g rap h ic  fe a tu re s  

th a t  in f lu en ce  th e  so il-fo rm ing  p r o c e s s e s .  The s lo p e s  s tu d ied  w ith in  th e  

Biology Area range  from 6 to  3 2 ° .  M o st  are  c o n v ex  and h av e  s te e p e r  

s lo p e s  a t  low er e l e v a t io n s .  G e n e ra l ly ,  c o n v ex  s lo p e s  a re  su b je c t  to  ru n 

off; h o w ev er ,  in  th e  s tu d y  a rea  th is  i s  o f f s e t  by c o a r s e - te x tu re d  s o i l s ,  

p a r t ic u la r ly  a t  h igher  e l e v a t io n s .  As a r e s u l t ,  e x c e p t  during  ve ry  h eav y  

r a i n s ,  in f i l t ra t io n  is  r a p id ,  and th e re  is  ve ry  l i t t l e  runo ff .

V egeta tion

A ccording to  Kuchler (1964) th e  p o te n t ia l  n a tu ra l  v e g e ta t io n  of th e  

Red River Valley is  B luestem  Prair ie  (Andropoqon- P an icum -S orqhas trum ) 

to g e th e r  w ith  N orthern  F lo odp la in  F o re s t  (Populus- S a l ix - U lm u s ) . He 

d e f in e s  p o te n t ia l  na tu ra l  v e g e ta t io n  a s  th a t  w hich  would be p re s e n t  to d ay  

if u n a l te red  by m an . Under the  in f lu en c e  of m an , the  a c tu a l  v e g e ta t io n  

p re s e n t  to d ay  is  c o n s id e ra b ly  d if fe ren t  th a n  th e  p o te n t ia l .  F e r t i le  s o i l s  

and a d eq u a te  ra in fa l l  re s u l te d  in  th e  plow ing of th e  o r ig in a l  p ra ir ie  for 

a g r icu ltu ra l  u s e .  As a r e s u l t ,  a l th o u g h  Bluestem  Prair ie  d o e s  e x i s t ,  i t
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o c c u p ie s  on ly  a sm all f rac t io n  of th e  to ta l  land  a r e a . The f lo o d p la in  

fo r e s ts  to d ay  may more c lo s e ly  ap p ro ach  th e  p o te n t ia l  n a tu ra l  v e g e ta t io n  

th a n  d o e s  th e  p r a i r i e . Although d is tu rb e d  by  man as  a r e s u l t  of g raz ing  

and lu m b erin g , th e y  s t i l l  c o n ta in  p o p u la t io n s  of Populus , S a l i x , and 

Ulmus . In a d d i t io n  to  K uch ler 's  p o te n t ia l  s p e c ie s  , F rax inus P e n n sy lv an 

i a  v a r .  su b in teq err im a  (green a s h ) ,  Betula papyrife ra  (paper b i rc h ) ,  Tilia 

am er ican a  (American b a s s w o o d ) , Acer negundo  (box e ld e r ) , and Q uercus  

m acrocarpa  (bur oak) a re  p re s e n t  in th e  F o re s t  River V alley . Bassw ood is 

th e  on ly  dom inant t re e  of th e  m a p le -b a s s w o o d  a s s o c ia t i o n  of th e  e a s te rn  

d e c id u o u s  fo re s t  th a t  e x ten d s  th i s  fa r  w e s t .

Rudd (1951) grouped th e  th e n  repo rted  900 s p e c ie s  of n a t iv e  p lan ts  

in  North D ako ta  in to  groups of 55% in tran e o u s  and 45% ex tran eo u s  s p e c i e s .  

Of th e  e x tran eo u s  s p e c i e s ,  sh e  c o n c lu d ed  2 0% w ere  of e a s te rn  d ec id u o u s  

fo re s t  o rig in  and 15% from northern  co n ife ro u s  f o r e s t .  P rese n t  d ay  fo re s t  

v e g e ta t io n  of th e  F o re s t  River Valley had i t s  p o s tg la c ia l  o r ig in  from th e s e  

two so u rc e s  . S im ila r i ty  in  s p e c ie s  c o m p o s i t io n  in  bur oak  g roves  in  e a s t  

c e n tra l  M in n eso ta  (Buell and F a c e y ,  1960) and in  the  F o re s t  R iver Valley 

su p p o rts  th is  p rem ise  th a t  many s p e c ie s  he re  a re  of th e  e a s te r n  d ec id u o u s  

fo re s t  o r ig in .  All 10 s p e c ie s  of th e  c o n sp ic u o u s  shrubs and  14 of th e  15 

c o n sp ic u o u s  h e rb s  repo rted  by  Buell and F a c ey  (1960) in  th e  oak  g roves  

a re  p re s e n t  in  th e  F o res t  River Biology A rea . Seven  of the  10 shrub s p e 

c ie s  a re  ab u n d an t and in c lu d e ,  C orv lus  a m e r ic a n a . C.. c o r n u ta . Prunus 

v irg in ian a  , Rubus id a e u s  . Sym phoricarpos o c c id e n ta l i s  , Viburnum l e n t a g o , 

C e la s t ru s  s c a n d e n s  , and  Rhus r a d i c a n s . H e rb ac e o u s  p la n ts  common to
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both  a re a s  in c lu d e  A ralia  n u d ic a u l is  . Anemone c a n a d e n s e . A qas tach e  

foen icu lum  . M aianthem um  c a n a d e n s e  . S m ilac ina  racem o sa  . S.. s t e l l a t a  . 

and Thalic trum  d a s y c a rp u m .

S p e c ie s  of the  northern  co n ife ro u s  fo re s t  re p re se n t in g  a so u th ern  

e x te n s io n  of th e  S a sk a tc h e w a n  mixed fo re s t  (W hitman, 1954), in c lude  

Populus trem u lo id es  (trembling a s p e n ) ,  Betula p a p y r i f e r a , A m elanch ier 

a l n i f o l i a , C ornus s to lo n i f e r a , Viola r u g u lo s a , and Pyrola s e c u n d a . A 

s ig n if ic a n t  fe a tu re  of th e  v e g e ta t io n  in  th e  F o re s t  River Valley is  th e  

com ple te  la c k  of co n ife ro u s  s p e c ie s ;  y e t  a c o n i fe r ,  Tuniperus com m unis , 

i s  a b u n d an t on th e  s lo p e s  of th e  Park River Valley on ly  35 m iles  to  th e  

n o r th .

The g a l le ry  fo re s t  p re s e n t  here  to d a y  c a n  b e s t  be  d e sc r ib e d  a s  a 

w e s te rn  e x te n s io n  of th e  e a s te r n  d ec id u o u s  fo re s t  com bined  w ith  the  

e lem en ts  of northern  co n ife ro u s  f o r e s t .  It c o n s i s t s  of s p e c ie s  th a t  have  

e x ten d ed  th e i r  ran g e  in to  th is  reg ion  by  m eans  of th e  un ique  env ironm enta l  

co n d i t io n s  p re s e n t  in th e  r ive r  v a l le y s  .

H is to r ic a l  and Biotic F ac to rs

G eorge T . I n k s te r ,  for whom th e  In k s te r  to w n sh ip  w as  n am ed , w as 

th e  f i r s t  s e t t l e r  in  1876. By 1879 and 1880 every  a v a i la b le  tim ber c la im  

w as  o ccu p ie d  (Arnold, 1916). The wooded a re a s  w ere  more in dem and as  

o p p o sed  to  th e  open  p ra ir ie  b e c a u s e  of th e i r  n e a rn e s s  to  w a te r  and  b e 

c a u s e  th e y  provided  a su p p ly  of fue l and b u ild ing  m a te r ia ls  . Sawn lum ber, 

e i th e r  n a t iv e  or im ported from M in n e s o ta ,  rem ained  a s c a rc e  com m odity 

(Arnold, 1916).
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The F o re s t  River Biology Area w as  d e sc r ib e d  in  th e  O rig inal Land 

Survey (1880)"as g e n t ly  u n d u la t in g ,  f i r s t  r a t e ,  w ith  tim ber of o a k ,  e lm , 

and  b a s s w o o d ."  The elm m en tioned  w as m ost l ik e ly  Ulmus a m e r ic a n a , 

(American e lm ),the  on ly  s p e c ie s  found here  to d a y .  No m ention  w as  made 

of th e  p re s e n c e  of g reen  a s h  in  s e c t io n s  11 and 14 in  th e  1880 d o cu m en t .

Annual fa l l  p ra ir ie  f i re s  o f ten  e n te red  th e  v a l le y s  (Arnold, 1916). 

T oday , c h a rc o a l  found o c c a s io n a l ly  ju s t  under th e  so i l  su r fa ce  p rov ides  

ev id en c e  of th i s  f a c t .  Numerous fragm ents  of b is o n  bones  a re  found in  

th e  a re a  a t te s t in g  to  th e  fa c t  th a t  b iso n  w ere  o n ce  ab u n d an t in  th is  r iv e r  

v a l le y  and  th e  surrounding  p r a i r i e .

D uring flood s t a g e ,  b lo ck ag e  of th e  r iv e r  by  dow ned t r e e s  and  by 

b e a v e r  dam s may h av e  a id ed  in  th e  sh if t in g  of c o u rse  of th e  r iv e r  (Arnold, 

1916). The g en e ra l  e f fe c t  of re p e a te d  sh if t in g  w as  r e s p o n s ib le  for w id en 

ing  of th e  v a l le y  floor and form ation  of th e  p re s e n t  f lo o d p la in .  B eaver, 

ab u n d an t he re  prior to  s e t t l e m e n t ,  were  a p p a ren t ly  e l im in a ted  by th e  la te  

1 8 0 0 's .  They w ere  re in tro d u ced  in to  th e  a re a  in  th e  1930 's  by th e  S ta te  

Game and F ish  D epartm en t (Norman, 1966). S ince  th a t  t im e ,  th e y  have  

p lay ed  an  im portan t e c o lo g ic a l  ro le  by damming of th e  r ive r  and th e  sp r in g -  

fed s tream s  le ad in g  in to  the  r iv e r .  By f req u en tly  c u t t in g  w oody p la n ts  for 

dam bu ild ing  and  food s o u r c e s ,  th e y  have  p layed  a m ajor ro le  in  p re v e n t

ing th e  fo re s t  from m aturing  in  s e v e ra l  a r e a s  a d ja c e n t  to  th e  r iv e r .  Old 

b e a v e r - c u t  s tum ps and gnaw  m arks on t r e e s  found a t  e le v a t io n s  of abou t 

330 m in d ic a te  th a t  in  th e  p a s t  th e  b e a v e r  hav e  ranged  to  th e  top  of the

w ooded s l o p e s .



GRADIENT ANALYSIS PROCEDURES

Field  M ethods

V egeta tion

One of th e  p r in c ip a l  o b je c t iv e s  of th is  s tu d y  w as to  d e te rm ine  the  

d is t r ib u t io n  p a t te rn  of th e  v e g e ta t io n  on th e  wooded s lo p e s  and com pare 

su ch  p a t te rn s  w ith  th o s e  on the  f lo o d p la in .  The v e g e ta t io n  w as sam pled  

s e le c t iv e ly  by m eans of 4 0 ,  10 x  10 m p lo t s .  The in i t ia l  2 6 p lo ts  on 

wooded s lo p e s  w ere  s tu d ied  during June th rough A u g u st ,  1970. In June 

and Ju ly , 1971, an  a d d i t io n a l  14, 10 x 10 m p lo ts  w ere  s tu d ie d ;  10 w ere 

on th e  wooded s lo p e s  and four w ere  on th e  f lo o d p la in .

The p lo ts  were  la id  down th e  s lope  a long  a t r a n s e c t  a t  10 m in te r 

v a ls  . The upperm ost p lo ts  w ere  s e le c te d  to  a s s u r e  th e  re p re se n ta t io n  of 

a maximum number of v e g e ta t io n  t y p e s .  This re s u l te d  in  a s e r ie s  of two 

to  four p lo ts  along  e ac h  t r a n s e c t ,  d ep en d in g  upon th e  len g th  of th e  f o r e s t 

ed a re a  of th e  s lo p e .  The f lo o d p la in  s i t e s  were  s e le c te d  to  be ty p ic a l  of 

th e  v e g e ta t io n  t h e r e .

Each 10 x 10 m p lo t w as  su bd iv ided  in to  four 2 .5  x  2 .5 m s u b 

p lo ts  to  f a c i l i t a t e  c o v e r -a b u n d a n c e  e s t im a te s  of herb  and shrub  la y e r s  . 

Topographic  c h a r a c te r i s t i c s  de term ined  in  e ac h  p lo t  in c lu d ed  s lo p e  a n g l e , 

a s p e c t ,  and e le v a t io n  a t  th e  upper edge  of th e  p lo t .  P lan ts  w ere  a s s i g n 

ed to  s t r a ta  and c o v e r -a b u n d a n c e  v a lu e s  w ere  de te rm ined  for a l l  s p e c ie s  

acco rd in g  to  a s l ig h t ly  m odified  B raun-B lanquet (1932-1964) s c a le  a s

19



20

fo llow s:

C la s s  C overage

+ 0 - 5%

1 5 - 1 0 %

2 1 0 - 25%

3 2 5 - 50%

4 50- 75%

5 75- 1 0 0 %

T re e s ,  3 m or t a l l e r ,  w ere  a s s ig n e d  to  th e  A s t ra tu m . Each of the  

t r e e s  in  th is  s tra tum  had a d ia m e te r  g re a te r  th a n  25 c e n t im e te rs  (cm).

Shrub and  t re e  s p e c ie s  b e tw ee n  2 and 3 m w ere  a s s ig n e d  to  th e  s tra tum  

and th o s e  sh o r te r  were  a s s ig n e d  to  th e  s t ra tu m . The h e rb a ce o u s  s p e 

c ie s  w ere  a s s ig n e d  to  th e  C s tra tu m . C overage  v a lu e s  for e ac h  s p e c ie s  

in  e a c h  s tra tum  and su b s tra tu m  were de te rm ined  in  e a c h  of th e  four 2 .5 x 

2 .5  m su b p lo ts  of e ac h  p lo t ,  th e n  summed and a v e ra g e d .

Tree h e ig h ts  w ere  m easu red  by a S p iege l R e la sk o p .  D iam ete r  a t  

b r e a s t  h e ig h t  v a lu e s  m easu red  w ere la t e r  c o n v er ted  to  b a s a l  a rea  in  

sq u are  c e n t im e te rs  . T ree -c o re  sam p les  w ere  o b ta in ed  to  d e te rm ine  th e  

t re e  a g e s .  G e n e ra l ly ,  c o re s  were  ta k e n  from t r e e s  re p re se n t in g  th e  la rg 

e s t ,  s m a l l e s t ,  and in te rm ed ia te  s i z e  of th e  A s tra tu m . Im portance v a lu e s  

for a l l  t r e e  s p e c ie s  in  th e  A stra tum  w ere  d e te rm ined  a s  th e  sum of th e  r e l a 

t iv e  f r e q u e n cy ,  r e la t iv e  d e n s i t y ,  and re la t iv e  dom inance  (C u rt is ,  1959).

R e p re se n ta t iv e  sam p le s  of s p e c ie s  of m o s se s  and l ic h e n s  w ere 

c o l le c te d  from e a c h  p lo t .  M o st  of t h e s e  o ccu r  on d ead  wood or t re e  

trunks  , w h ich  m ade c o v e ra g e  v a lu e  d e te rm in a tio n  ve ry  d i f f ic u l t .  T here 

fo re ,  m o s se s  and l ic h e n s  a re  repo rted  on a p r e s e n c e - a b s e n c e  b a s i s .
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N om encla tu re  for v a s c u la r  p la n ts  fo llow s Fernald  (1950) and S tevens  

(1963), for m o s se s  Crum , S t e e r e , and A nderson (1965), and l ic h e n s  H ale  

and C u lb e rso n  (1965). Voucher sp ec im e n s  of v a s c u la r  p l a n t s ,  m o s s e s ,  

and l ic h e n s  a re  on f i le  in  th e  U n iv e rs i ty  of North D ako ta  he rbarium .

Soil

A so il  p i t  w as e x ca v a ted  c lo s e  to  th e  c e n te r  of e ac h  of th e  40 p lo ts .  

Soil p ro f i le s  w ere  d e sc r ib e d  acco rd in g  to  th e  U .S .  D epartm en t of A gricu l

tu re  Soil Survey M anual (1951). The d e sc r ip t io n s  in c lu d ed  th e  t h i c k n e s s ,  

c o lo r ,  s t ru c tu re ,  c o n s i s t e n c e  of e ac h  h o r iz o n ,  th e  root d is t r ib u t io n  in 

each  p r o f i l e , and  the  d ep th  of th e  maximum rooting  z o n e . Each profile  

w as  photographed  in  i t s  n a tu ra l  s ta t e  and a s  a m in ia tu re .  The m in ia tu re  

or "mini" m onolith  (Figure 4) w as  m ade by  p la c in g  sm all am ounts  of so il  

from e a c h  horizon  on a 12 x  20 cm s h e e t  of w hite  cardboard  (Wali and 

K ra jina , 1972).

M eta l  c y l in d e r s ,  5 cm ta l l  and 5 cm in  d ia m e te r ,  were  u se d  to 

c o l le c t  so i l  c o re s  from e a c h  m inera l so i l  h o r iz o n .  T hese  s a m p le s ,  u sed  

to  de te rm ine  bu lk  d e n s i ty  and f ie ld  w a te r ,  were  s e a le d  in p la s t i c  b a g s  to 

p reven t w a te r  lo s s  . A dditional so i l  sam p les  for n u tr ien t  and t r a c e  m eta l 

a n a ly s e s  and w a te r  re te n t io n  c h a r a c te r i s t i c s  w ere  c o l le c te d  s e p a ra te ly  

from th e  humus la y e r  and e ac h  m inera l ho rizon  w ith in  th e  roo ting  z o n e .

This w as  done  by  sc rap in g  m inera l so i l  from th e  en t i re  w id th  of e ac h  

h o r iz o n .  The in c lu s io n  of th e  humus l a y e r ,  how ever th in ,a s s u re d  in  

ob ta in in g  a more r e a l i s t i c  p ic tu re  of th e  c a p a c i ty  of th e  so il  to  supp ly

w a te r  and  n u tr ien ts  to  th e  roo ts  .
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F ig .  4 .  "M in i"  m onolith  of a P ach ic  H ap loboro ll under  Q uercus  
m acrocarpa  (plot 15).
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S e a so n a l  c h a n g e s  in  th e  am ount of a v a i la b le  w a te r  in  th e  so il  of 

s ta n d s  1 , 14, and 23 w ere  m easu red  w ith  gypsum  m o is tu re  b lo c k s  and 

Bouyoucos M odel BN-2B m ois tu re  m e te r .  Two b lo c k s  were in s ta l le d  in  

e a c h  so il  p i t ,  one a t  a d e p th  of 2 0 cm and  th e  o th e r  a t  th e  maximum ro o t

ing d e p th .  A va ilab le  w a te r  l e v e l s  b e lo w  2 0% c an n o t be read  on th e  m o is 

tu re  m e te r .  T h ese  a re  ta k e n  to  approx im ate  th e  pe rm anen t w ilt ing  p e rc en t  

a g e .

Labora tory  M ethods

Bulk d e n s i ty  and f ie ld  w a te r  w ere  de te rm ined  for a l l  m inera l s o i l s .  

The bu lk  d e n s i ty  of th e  humus la y e r ,  too  th in  to  o b ta in  a co re  s am p le ,  

w as  e s t im a te d .  Bulk d e n s i ty  v a lu e s  a re  e x p re s s e d  a s  gram s per cub ic  

c e n t im e te r .

W ate r  re te n t io n  v a lu e s  a t  1 /3  b a r  and 15 ba rs  so i l  w a te r  t e n s io n  

w ere  m easu red  by p re s su re  p la te  and  ce ram ic  p la te  a p p a ra tu s  (R ichards, 

1954). In a d d i t io n ,  w a te r  r e te n t io n  v a lu e s  a t  1, 5 ,  and 10 ba rs  were  

de te rm ined  for s o i l s  from p lo ts  1, 14, and 2 3 .  The a v a i la b le  w a te r  c a p a c  

i ty  (AWC) w as c a lc u la te d  a s  th e  d if fe ren c e  b e tw ee n  th e  1/3  ba r  and 15 

ba r  l e v e l s .  This v a lu e ,  c o rre c te d  for bulk  d e n s i ty  and s to n i n e s s ,  w as 

u se d  to  c a lc u la te  th e  a v a i la b le  w a te r  c a p a c i ty  for e a c h  horizon  w ith in  th e  

roo ting  d e p th  (AWC)rd. T hese  v a lu e s  w ere summed for a l l  h o rizons  in  

e a c h  p rofile  and a re  e x p re s s e d  a s  c e n t im e te rs  of w a te r  per c en t im e te r  of 

so i l  d ep th  (Wali and K ra jina , 1972; W aring and  M ajo r ,  1964).

P a r t i c l e - s i z e  d is t r ib u t io n  in  s o i ls  w as  de te rm ined  by th e  h y d ro 

m eter  m ethod (Bouyoucos, 1951). H ydrogen perox ide  w as  u se d  to  o x id iz e
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organ ic  m a t te r .  The so i l  sam p les  w ere a g i ta te d  on a re c ip ro c a l  sh a k e r  

for 24 hours prior to  a n a l y s i s . The amount of s i l t  p lus  c la y  for e ac h  

h o rizon  w as l a t e r  u se d  to  c a lc u la te  a w eigh ted  a v e rag e  of p e rc en ta g e  

s i l t  p lu s  c la y  (%si+cl) for a l l  ho rizons  w ith in  th e  roo ting  d e p th  (rd).

The m ajor c a t i o n s ,  c a lc iu m , m ag n es iu m , p o ta s s iu m ,  and sodium  , 

w ere  m easu red  for bo th  r e p la c e a b le  and w a te r  so lu b le  f rac t io n s  and 

stron tium  and m an g an e se  on the  r e p la c e a b le  f r a c t io n .  In k eep in g  w ith  

u s a g e  by  W ali  and Krajina (1972), th e  r e p la c e a b le  c a t io n s  r e p re se n t  both  

w a te r  so lu b le  p lu s  e x c h a n g e ab le  c o m p o n e n ts . The w a te r  so lu b le  frac t io n  

w as e x tra c te d  in  a 1:2 .5 , s o i l :w a te r  r a t i o .  The r e p la c e a b le  frac t io n  w as  

e x tra c te d  w ith  1 normal ammonium a c e ta te  a t  p H 7 + 0 .2 .  A 1 :10 , s o i l :a m -  

monium a c e ta te  ra tio  w as u s e d .  After e x tra c t io n ,  bo th  th e  so lu b le  and 

re p la c e a b le  f rac t io n s  w ere  f i l t e r e d .  The t r a c e  m e ta l s ,  copper, s t ro n t iu m , 

m a n g a n e s e ,  z in c ,  n ic k e l ,  i ro n ,  l e a d ,  a lum inum , and s i l i c o n ,  w ere  m e a s u r 

ed a f te r  e x tra c t io n  w ith  0 . 0 2  m olar d is o d iu m -e th y le n e d ia m in e te t r a a c e ta te  

(EDTA) a t  pH 6 . 8 . A 1 :5 , soil:EDTA ra t io  w as  u se d  for th is  e x t r a c t io n .

L eve ls  of m ajor c a t io n s  and t r a c e  m e ta ls  were  de te rm ined  on a 

Perk in-E lm er M odel 403 Atomic A bsorption  S p ec tro p h o to m ete r .  A vailab le  

phosphorus  w as de te rm ined  on 2 gram (g) so il  s am p les  by th e  c h lo ro s ta n -  

n o u s-m o ly b d o p h o sp h o ric  b lue  co lo r  m ethod (Jackson , 1958). R ep laceab le  

n u tr ien ts  a re  e x p re s s e d  a s  m il le q u iv a le n ts  (m e q ) / l0 0  g ,  w a te r  so lu b le  

n u tr ien ts  a s  m e q / l i t e r ,  and a v a i la b le  phosphorus  and  t r a c e  e lem en ts  in 

p a r ts  per m ill ion  (ppm). The re p la c e a b le  and so lu b le  f rac t io n s  a re  

e x p re s s e d  in  m il le q u iv a le n ts  b e c a u s e  t h e s e  io n s  a re  t a k e n  up by the
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p la n ts  on the  b a s i s  of th e i r  s to ich io m e tr ic  p ro p e r t ie s  and  not by  w e igh t 

(Waring and M ajo r ,  1964).

L eve ls  of w a te r  so lu b le  n u t r i e n t s ,  r e p la c e a b le  n u t r i e n t s ,  t ra c e  

e lem en ts  , and  a v a i la b le  phosphorus  w ere  u se d  to  c a lc u la te  a v a i la b le  

n u tr ien ts  for e a c h  horizon  w ith in  th e  roo ting  d e p th .  T hese  v a l u e s ,  c o r 

re c te d  for bulk  d e n s i t y ,  were  summed for e a c h  p ro f i le .  R ep laceab le

2
n u tr ien ts  a re  e x p re s s e d  a s  e q u iv a le n ts  (eq)/m and w a te r  s o lu b le ,  t r a c e

2
e le m e n ts ,  and a v a i la b le  phosphorus  a s  g /m  . A sq u a re  m eter  b a s i s  w as 

u se d  b e c a u s e  bu lk  d e n s i t y ,  s t o n i n e s s ,  and horizon  th ic k n e s s  a re  ta k e n  

in to  a cc o u n t  in  a s s e s s i n g  n u tr ien t  a v a i l a b i l i ty  (Waring and M ajo r ,  1964).

E lec tr ic a l  c o n d u c t iv i ty  (m icrom hos/cm ) and  pH w ere de te rm ined  

from th e  sam e 1 :2 .5 ,  so i l :w a te r  s am p les  u se d  to  m easu re  th e  w a te r  s o lu -  

be l  nu tr ien t  l e v e l s .  In a d d i t io n ,  pH w as a l s o  de te rm ined  on a 1 :2 , so i l :  

0 . 0 1  m olar C aC l^ so lu tio n  (Schofield and T ay lo r,  1955). E lec tr ic a l  c o n 

d u c t iv i ty  w as  d e te rm ined  on a R adiom eter type  CDM 2e c o n d u c t iv i ty  m eter  

and  pH on a R adiom eter model 51 pH m e te r .

The W a lk ley -B lack  method (Jackson , 1958) w as  u se d  to  m easu re  

th e  am ount of o rgan ic  m a t te r .  W eigh ted  a v e ra g e s  of p e rc e n ta g e  o rgan ic  

m a tte r  (%OM) w ere  c a lc u la te d  for e a c h  so il  ho rizon  by th e  sam e procedure  

a s  for p e rc en ta g e  s i l t  p lu s  c l a y .

The c a t io n  ex ch an g e  c a p a c i ty  of s o i l s  w as  de te rm ined  by  s a tu r a 

t io n  w ith  1 normal sodium  a c e ta te  fo llow ed by  re p la ce m e n t  of th e  sodium  

on the  e x ch an g e  com plex  w ith  1 normal ammonium a c e ta te  a t  pH 7+0.2  

(Jackson , 1958). F i l te red  sam p les  w ere  a n a ly z e d  for sodium  le v e l s  by
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a tom ic  a b so rp tio n  sp ec tro p h o to m etry .  The m easu rem en ts  of c a t io n -  

ex ch an g e  c a p a c i ty  a re  e x p re s s e d  a s  m eq / 1 0 0  g of s o i l .

S y n th e s is  of D a ta

V egeta tion

The B raun-B lanquet ty p e  a s s o c ia t i o n  s y n th e s i s  of th e  d a ta  from 

th i s  a re a  w as no t p o s s ib l e .  Two re a so n s  may be c i te d  for th is  a p p a ren t  

im p o ss ib i l i ty :  (1) th e  w o o d lan d , p re v io u s ly  d i s tu rb e d ,  i s  ve ry  young and 

p robab ly  r e p re se n ts  one  of th e  ea r ly  s ta g e s  of s u c c e s s io n  and  (2 ) abrup t 

b o u n d a r ie s  in th e  h a b i ta t  w ith in  th e  w ooded a rea  (except b e tw een  th e  

f lo o d p la in  and s lope)  a re  no t p r e s e n t ,  th e  w hole  v e g e ta t io n  spectrum  

re sem b lin g  more a continuum  p a t te rn  of v e g e ta t io n .  T he re fo re , in order 

to  a n a ly z e  in te rs ta n d  r e l a t i o n s h i p s , two o rd in a tio n  p r o c e d u r e s , p r in c ip a l  

com ponen t a n a ly s is  and th e  S w an -D ix -W eh rh ah n  te c h n iq u e ,  w ere  em ploy

e d .  The o b je c t iv e  of bo th  of t h e s e  m ethods , a s  u s e d  in  th i s  s tu d y ,  i s  the  

p lacem en t of s ta n d s  r e la t iv e  to  one a n o th e r  (G reig-Sm ith , 1964).

The o rd in a tio n  te ch n iq u e  d ev e lo p ed  by Sw an , D ix ,  and W ehrhahn 

(1969) d iffe rs  from th e  m ethods of Bray and C u rt is  (195 7) and Beals (1960) 

in  i t s  u s e  of th e  e u c l id e a n  in d e x .  A d d it io n a lly ,  th e  a x e s  a re  s e le c te d  

from th o s e  th a t  a cc o u n t  for the  h ig h e s t  p roportion  of th e  sum of sq u a re s  

for in te r s ta n d  d i s t a n c e s  a s  o p p o sed  to  th e  d i s t a n t  s tan d  c r i te r io n  of the  

Bray and C u rtis  m e th o d . The com puter  program SDWORD u sed  for th e  

S w an -D ix -W eh rh ah n  o rd in a tio n  w as  w rit ten  a t  th e  North D ako ta  S ta te

U n iv e rs i ty  C om puter C e n te r .
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The p r in c ip a l  com ponent a n a ly s i s  program u sed  (FACTO 1 ) w as 

su p p l ie d  by  IBM . The m ethod em ployed is  a p r in c ip a l  com ponen t so lu t io n  

w ith  va rim ax  ro ta t io n  of th e  fac to r  m a tr ix .  A Q -ty p e  m atrix  (O rloci, 1966) 

w as u se d  to  o b ta in  s tan d  lo a d in g s .  Barkham and Norris (1970) in th e i r  

e v a lu a t io n  of p r in c ip a l  com ponent a n a ly s i s  p referred  i t  to  o th e r  ty p e s  of 

fa c to r  a n a ly s i s  b e c a u s e  i t  re q u ire s  a minimum of a s su m p tio n s  and is  

co m p u ta t io n a l ly  u n a m b ig u o u s .

The o rd in a t io n s  and a l l  o th e r  co m p u ta t io n s  for th i s  s tu d y  w ere  done  

on an  IBM 3 6 0 /4 0  d ig i ta l  com puter  a t  th e  U n iv e rs i ty  of North D a k o ta .  In 

o rder to  s ta y  w ith in  th e  working co re  sp a c e  of th e  co m p u te r ,  the  c o v e rag e  

v a lu e s  for on ly  75 s p e c ie s  w ere  u se d  for th e  o rd in a t io n s .  All w oody s p e 

c ie s  and h e rb a ce o u s  s p e c ie s  occurring  in  1 0 % or more of th e  s ta n d s  were 

in c lu d ed  in  th e  75 x  40 m a tr ix .  W oody p la n ts  of th e  sam e s p e c ie s  o c c u r 

ring in  th e  B^ and  B  ̂ s t r a ta  w ere  t re a te d  a s  s e p a ra te  s p e c i e s .

R esu lts  from t h e s e  m a th e m a tica l ly  d if fe ren t  o rd in a tio n  p rocedures  

p rov ide  an  opportun ity  for com p ariso n  of th e i r  e f fe c t iv e n e s s  on fa ir ly  

com plex  d a t a .  According to  Jeg lu m , W eh rh ah n , and Swan (1971) few  

s tu d ie s  hav e  b e en  m ade w hich  a l lo w  for judg ing  th e  e f f e c t iv e n e s s  of 

p r in c ip a l  com ponen t a n a ly s i s  w ith  d a ta  of vary ing  c o m p le x i ty .  Swan e t  a l .

(1969) in d ic a te d  th a t  no co m p ar iso n s  of th e i r  method w ith  o th e r  te c h n iq u e s  

had b e e n  m a d e .  This e f fo r t ,  th e re fo re ,  may r e p re s e n t  th e  f i r s t  a t tem p t to

com pare  t h e s e  m e th o d s .
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V egeta t io n -en v iro n m en t R e la t io n sh ip s

S te p w is e -e l im in a t io n  m u ltip le  r e g re s s io n s  w ere u se d  to  d e v e lo p  

p re d ic t iv e  eq u a t io n s  ("m odels") for p lan t  re s p o n s e  to  env ironm enta l 

p a ra m e te r s .  A s e t  of env ironm enta l p a ram ete rs  ( independent v a r ia b le s )  

w ere  u s e d  to  p re d ic t  a p r e s e n c e - a b s e n c e  v a lu e  (dependent v a r iab le )  for 

e a c h  s p e c ie s  . The com puter  program (STWMULT) u sed  is  an  IBM s c i e n 

t i f ic  sub rou tine  p a c k a g e .

A to ta l  of 14 env ironm enta l  p a ram ete rs  w ere  s e le c te d  from among 

25 m easu red  for th e  r e g r e s s io n s .  The v a r ia b le s  s e le c te d  in c lu d e  th o s e  

w hich  hav e  b e e n  show n to  be im portan t e c o lo g ic a l ly  in  th e  d is t r ib u t io n  of 

p la n t  s p e c i e s .  These  in i t ia l  in d e p en d e n t  v a r ia b le s  in c lu d ed :  (1) r e p l a c e 

a b le  c a lc iu m , m ag n es iu m , and p o ta ss iu m ; (2 ) a v a i la b le  p h o sp h o ru s ,  

m a n g a n e s e ,  z in c ,  and  iron; (3) a v a i la b le  w a te r  c a p a c i ty  w ith in  th e  ro o t

ing d ep th  (AWC)rd; (4) w e igh ted  av e rag e  of p e rc e n ta g e  s i l t  p lu s  c la y  w ith 

in  th e  roo ting  d ep th  (%si+cl)rd; (5) w e ig h ted  a v e rag e  o f  p e rc en ta g e  organ ic  

m atte r  w ith in  th e  roo ting  d e p th  (%OM)rd; (6 ) to p o g rap h ic  f e a tu re s  e l e v a 

t io n ,  s lo p e  in c l in a t io n ,  and l in e a r  a s p e c t ;  and (7) p o te n t ia l  s o la r  beam 

i r r a d ia t io n  (PSBI). P o ten tia l  so la r  beam  i r r a d ia t io n  v a l u e s , e x p re s s e d  in
3

10  x  la n g le y s  pe r  y e a r ,  w ere  o b ta in ed  by in te rp o la t io n  from ta b le s  p re 

pared  by  Frank and Lee (1966). T hese  v a lu e s  p rovide  an  in d i r e c t ,  i n t e 

g ra ted  m easu re  of s lo p e  in c l in a t io n  and a s p e c t .

D a ta  on c i r c u la r  a s p e c t  c an n o t be  in te rp re ted  in  a m eaningfu l w ay 

when a n a ly z e d  s t a t i s t i c a l l y  by c o rre la t io n  and re g re s s io n  p ro c e d u re s .  To 

c ircu m v en t th is  p rob lem , a s p e c t  w as  e x p re s s e d  in  a l in e a r  form from 1°
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(North) to  180° (South). A sp ec ts  from 180° to  360° were a s s ig n e d  th e  

sam e v a lu e  a s  th o s e  from 1°  to  18 0 ° ,  w hich  have  th e  sam e am ount of 

p o te n t ia l  so la r  beam  i r r a d ia t io n .  For e x am p le ,  w e s t - f a c in g  s lo p e s ,  

w hich  re c e iv e  th e  sam e am ount of p o te n t ia l  so la r  beam  ir rad ia t io n  as  

e a s t - f a c in g  o n es  w ith  th e  sam e s lo p e  in c l in a t io n s ,  w ere  a s s ig n e d  a 

v a lu e  of 9 0 ° .

The in i t ia l  s e r ie s  of m ultip le  r e g re s s io n s  invo lved  50 of the  s p e 

c i e s  u se d  for th e  o rd in a t io n s .  T hese  50 s p e c ie s  in c lu d ed  a l l  th e  s p e c ie s  

in  the  A s tra tum  p lu s  th o s e  in  th e  B^, B and  C s t r a ta  w ith  th e  h ig h e s t  

p re s e n c e  v a l u e s .  A sec o n d  s e r ie s  w as run u s in g  logarithm ic  (base 10) 

t ra n s fo rm a tio n s  of a l l  in d e p en d e n t  v a r ia b le s  e x c e p t  th e  topograph ic  

f e a tu r e s .  The a s su m p tio n  th a t  t h e s e  would g ive  more m eaningfu l r e g r e s 

s io n  eq u a t io n s  is  b a se d  on the  fa c t  th a t  p la n ts  re sp o n d  more lo g a r i th m ic a l

ly  th a n  l in e a r ly  to  env ironm enta l fa c to rs  su ch  a s  so i l  w a te r  and n u tr ien ts  

(Leyton, 1958; L o u c k s , 1962; and  P a r tc h ,  194 9).

The s te p w is e -e l im in a t io n  re g re s s io n  u s e d  e x c lu d e s  th e  in d e p e n d 

en t  v a r ia b le  w ith  th e  lo w e s t  T -v a lu e s  for e a c h  su b se q u e n t  r e g r e s s io n .

Only th o s e  rem ain ing  in d e p en d e n t  v a r ia b le s  th a t  had  s t a t i s t i c a l l y  s ig n i f i 

c a n t  T -v a lu e s  a t  th e  0 .0 5  le v e l  w ere  u sed  to  c a lc u la te  th e  r e g r e s s io n s .  

S y n th e tic  g ra d ie n ts  were  e s ta b l i s h e d  on th e  sam e s t a t i s t i c a l l y  s ig n if ic a n t  

v a r ia b le s  re ta in e d  m ost o f ten  in  th e  r e g re s s io n  e q u a t io n .  Maximum v a lu e  

of e a c h  e s ta b l i s h e d  g ra d ie n t  w as a d ju s te d  a t  1 0 0 ; c o n s e q u e n t ly ,  a ll  

v a lu e s  a re  c o m p a ra b le .  R ela tive  c o v e rag e  v a lu e s  for e a c h  m ajor s p e c ie s  

w ere  p lo t ted  a long  th e s e  g r a d i e n t s , e s ta b l i s h in g  e c o lo g ic a l  m o d a li t ie s
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for e a c h  (Wali and K rajina , 1972; W aring and M ajo r ,  1964).

T hese  g ra d ie n ts  w ere  a l s o  u s e d  in  b iv a r ia te  co m b in a tio n s  to  show  

re la t io n s h ip s  b e tw ee n  s t a n d s . Each co m bina tion  c o n s i s t s  of two re la te d  

env ironm enta l fa c to rs  w ith  i s o l in e s  en c irc l in g  s ta n d s  in c luded  in  e ac h  

com m unity ty p e ,  forming th e  th ird  d im e n s io n .



RESULTS OF GRADIENT ANALYSIS

V egeta tion

W ith in  th e  40 s t a n d s ,  a to ta l  of 109 s p e c ie s  in  37 fa m il ie s  of 

v a s c u la r  p la n ts  w ere  re c o rd e d .  This c o n s t i tu te s  26% of ab o u t 425 s p e c ie s  

p re v io u s ly  repo rted  in  th e  Biology Area (F ac e y , 1972). In a d d i t io n  to  the  

v a s c u la r  p l a n t s ,  a to ta l  of 10 s p e c ie s  of m o s se s  and 15 s p e c ie s  of l ic h e n s  

w ere  c o l le c te d  w ith in  th e  40 s t a n d s .  Only one  fern  s p e c i e s ,  Botrychium 

v irg in ia n u m , w as  p re s e n t  in  th e  p lo ts  s tu d ie d .  H o w ev er ,  P te re t is  P enn

s y l v a n i a  is  fa ir ly  ab u n d an t in th e  rav in e  b e tw ee n  p lo ts  11  and  12 and 

seem s  to  be  in c re a s in g  in  numbers on th e  f lo o d p la in .  A l i s t in g  of the  

v a s c u la r  p la n ts  and th e i r  r e s p e c t iv e  co v e rag e  c l a s s e s  for e a c h  s tan d  is  

show n in  Table 1 . This ta b le  a l s o  in c lu d e s  a l i s t  of l ic h e n s  and m o s se s  

repo rted  for e a c h  s tan d  by  p r e s e n c e . S p e c ie s  of p la n ts  o ccu rr ing  in  on ly  

one p lo t  are  re fe rred  to  a s  " sp o rad ic "  s p e c ie s  and a re  l i s t e d  s e p a ra te ly  

a t  th e  bottom of th e  t a b l e .  A co m p le te  s p e c ie s  l i s t  for v a s c u la r  p la n ts  , 

m o s se s  , and l ic h e n s  i s  found in  Appendix A.

R esu lts  from th e  s tu d y  of th e  A s tra tum  are  p re s e n te d  in  Table  2 . 

This d a ta  show s bur oak h a s  th e  h ig h e s t  im portance  v a lu e .  Basswood 

fo llow ed by g reen  a s h  h a s  th e  nex t h ig h e s t  im portance  v a lu e .  Im por

ta n c e  v a lu e s  of th e  four rem ain ing  o v e rs to ry  s p e c ie s  a re  c o n s id e ra b ly  l e s s  

th a n  th e  f i r s t  t h r e e .  Based on im portance  v a l u e s ,  bu r o a k ,  b a s s w o o d ,

31
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TABLE 1

PHYTOSOCIOLOGICAL TABLE SHOWING COVER-ABUNDANCE VALUES OF 
VASCULAR PLANTS AND OCCURRENCE OF MOSSES AND LICHENS IN

THE 40 PLOTS STUDIED



TABLE 2

SUMMARY OF VEGETATION ANALYSIS OF THE A STRATUM IN 40 PLOTS

S p ec ies
Frequency
Percen tage

R ela tive
Frequency
P ercen tage

D en s i ty  
(stems per 
hec ta re )

R elative
D en s i ty
P ercen tage

Basal a rea  
(m^ per 
hec ta re )

R ela tive
D om inance
P ercen tage

Im portance
Value

O uercus
m acrocarpa 62 .5 2 9 .4 305 3 8 .0 1 0 0 . 8 4 0 .4 107 .8

Tilia
am ericana 5 0 .0 23 .5 177 2 2 . 1 6 1 .8 2 4 .8 70 .4

Fraxinus
p en n sy lv an ica 52 .5 2 4 .7 175 2 1 . 8 3 6 .6 14 .7 61 .2

Acer
nequndo 15.0 7 .1 42 5 .3 2 5 .4 1 0 . 2 2 2 . 6

Betula
papvrifera 12 .5 5 .9 45 5 .6 10 .9 4 .4 15 .9

Ulmus
am ericana 12 .5 5 .9 32 4 .0 7 .4 3 .0 12 .9

Populus
trem ulo ides 7.5 3 .5 25 3 .1 6 .4 2 . 6 9 .2

Total 1 0 0 . 0 801 9 9 .9 2 4 9 .3 1 0 0 . 1 3 0 0 .0
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and g reen  a s h  a re  judged  to  p lay  th e  ro le  of dom inan t s p e c i e s .  Box e ld e r ,  

paper b i rc h ,  Am erican e lm , and trem bling  a s p e n  a re  s u b o rd in a te s .  The 

m en su ra t io n  d a ta  c o l le c te d  from th e  4 0 s ta n d s  (Table 3) p rov ides  an  in 

s ig h t  in to  age  and s iz e  d is t r ib u t io n  for th e  s e v e n  t r e e  s p e c ie s  . Bur oak 

h a s  th e  w id e s t  range  of a g e ,  h e ig h t ,  and  b a s a l  a r e a ,  and th e  h ig h e s t  

m ean v a lu e s  of ag e  and b a s a l  a r e a .  A spen  r e p re s e n ts  th e  o th e r  ex trem e 

for age  and b a s a l  a r e a .  Based on  m ean h e ig h t ,  box e ld e rs  a re  th e  t a l l e s t  

t r e e s  in  th e  a r e a .  These  a re  p rim arily  r e s t r ic te d  to  th e  f lo o d p la in  w h e re ,  

ty p ic a l ly ,  c a n o p ie s  a re  uniform ly  h ig h .  H o w ev er ,  t h e s e  t r e e s  b e long  to  

low er ag e  c l a s s e s  w hich  p robab ly  r e f le c ts  the  rap id  ra te  of grow th for the  

s p e c i e s .  The d a ta  for p ap er  b irch  and a s p e n  re v e a ls  a g en e ra l  a b s e n c e  

of younger  and  sh o r te r  t r e e s . Maximum ag e  of a l l  t r e e s  , w ith  th e  e x c e p 

t io n  of one 1 5 0 -y ea r  o ld  bur o a k ,  in d ic a te s  th a t  t h e s e  h av e  b e e n  e s t a b l i s h 

ed s in c e  the  o r ig in a l  s e t t le m e n t  in th e  1 8 8 0 's .

Topography and V egeta tion

The m ajor to p o g rap h ic  f e a tu r e s ,  e le v a t io n ,  a s p e c t ,  and  s lo p e  

in c l in a t io n ,  a re  known to  p lay  a s ig n if ic a n t  ro le  in  de te rm in ing  s tru c tu ra l  

c h a r a c te r i s t i c s  of v e g e ta t io n  (W hittaker, 1956, 1960; W h it ta k e r  and 

N ie r in g , 1965). C o rre la t io n s  b e tw ee n  t h e s e  to p o g rap h ic  f e a tu re s  and 

s ta n d  v e g e ta t io n  c h a r a c te r i s t i c s  a re  show n in  Table 4 .  The four f lo o d -  

p la in  s ta n d s  w ere  not in c luded  in th e  c o rre la t io n  a n a ly s i s  b e c a u s e  d a ta  

from t h e s e  n ea r ly  le v e l  s i t e s  would have  o b scu red  th e  to p o g ra p h ic -  

v e g e ta t io n  re la t io n s h ip s  on th e  s l o p e s .  The r a n g e s ,  m e a n s ,  and  s tan d a rd



TABLE 3

MENSURATION DATA OF THE TREES IN 40 STANDS

Tree a g e s  in y ea rs Tree he igh t in m eters
2

Basal a rea  in  cm

S p ec ies range m ean SDa range m ean SDa range m ean SDa

O uercus
m acrocarpa 3 7- 150 6 9 .8 + 1 9 .0 5 (43 )b 3 -19

Tilia
am ericana 16- 75 4 3 .6 + 1 9 .2 5 (3 0) 3 1 /2 -1 7  1/2

Fraxinus
p en n sy lv an ica 2 8 - 89 5 0 .5 + 1 8 .8 5 (2 8 ) 3 1 /2 -1 6  1/2

Acer
nequndo 19- 49 3 5 .2 +  9 .8 6 (8 ) 5 -16

Betula
papvrifera 19- 41 3 0 .2 +  7 .01 (8 ) 7 -11  1/2

Ulmus
am ericana 33- 79 5 3 .5 + 1 4 .7 2 (7) 3 -15

Ponulus
trem ulo ides 16- 33 2 3 .2 +  6 .8 7 (6 ) 5 1 /2 -1 2  1/2

8 .3 + 3 .1 6 (1 2 2 ) 67-1605 3 2 2 .1 + 2 8 1 .2 9 (1 2 2 )

8 . 6+2 . 8 8 (73) 62-1911 3 9 2 .5 + 3 5 9 .5 0 (73)

8 .4 + 2 .8 0 (70) 52- 6 6 6 2 1 0 .6 + 1 5 9 .1 7 (70)

10.6+3 .53 (17) 74-1253 5 9 8 .3 + 4 0 5 .7 4 (17)

9 .2 + 1 .3 2 (18) 114- 630 2 4 3 .1 + 1 1 5 .3 5 (18)

1 0 .0 + 3 .8 6 (13) 62-1136 2 9 6 .8 + 3 6 0 .7 3 (13)

9.0+2 .24 (1 0 ) 94- 401 2 6 4 .7+  9 7 .99 (1 0 )

Q

s tandard  d ev ia t io n

num erals in  p a re n th e se s  in d ic a te  number of t re e s  m easu red



TABLE 4

RANGES, MEANS, AND STANDARD DEVIATIONS FOR STAND CHARACTERISTICS OF 
VEGETATION IN THE 36 STANDS OCCURRING ON SLOPES AND PRODUCT- 

MOMENT CORRELATIONS BETWEEN THESE VALUES AND 
ELEVATION , SLOPE , AND LINEAR ASPECT

C o rre la t io n  c o e f f ic ie n ts

Stand
C h a ra c te r i s t ic s  Range Mean+SD E leva tion  Slope Linear a s p e c t

2
Basal a rea  (cm ) 460- 5538 2440+1 140,.7 - 0 .4 9 5 3 0 .046 0 ,■478bTree d e n s i ty  (s te m s /s ta n d ) 2 - 23 8± 4,.4 - 0 .2 4 8 0 .1 6 6 0 ,.353
Tree coverage  (percentage) 2 0 - 90 64+ 19,.7 -0 .0 7 9 , -0 .0 8 4 0 ,■015hB^coverage (percentage) 
B c o v erag e  (percentage) 
C rcoverage  (percentage)

5 - 75 36+ 2 0 ,.9 0 .3 3 7 - 0 .0 1 7 - 0 ,,3 76b
1 0 - 50 2 6+ 1 2 ,. 1 - 0 .1 9 9 -0 .0 8 3 0 ,.095
2 0 - 95 78+ 19,, 1 - 0 .3 5 8 ° -0 .0 4 2 0 ,>403bTree s p e c ie s  (n o . /s ta n d ) 1- 4 2 + 0 ,.7 - 0 .2 4 8 0 .1 6 6 0 ,.353

Shrub s p e c ie s  (n o . /s ta n d ) 8 - 17 12+ 2 ,,3 0 .089 , 0 .025, - 0 ,.251
Herb s p e c ie s  (n o . /s ta n d ) 7- 27 14+ 5,. 1 - 0 .3 9 8 ° 0.3937* 0 ,. 187
Total sp e c ie s  (n o . /s ta n d ) 18- 41 29+ 6 ,. 1 -0 .3 1 1 0 .3 6 9 ° 0 ,.054

S i g n i f i c a n t  a t  0 . 0 1  lev e l

s ig n if ic a n t  a t  0 .0 5  lev e l
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d e v ia t io n s  for th e  to pograph ic  fe a tu re s  a re  a s  fo llow s: (1) e le v a t io n ,  

ran g es  from 313 to  334 m w ith  a m ean  of 325+6 m , (2) s lo p e  a n g le s ,  

range  from 6 to  32°  and a m ean of 16+7°, and (3) l in e a r  a s p e c t ,  ran g e s  

from 1 to  15 7° w ith  a m ean  of 61+ 51°.

Table  4 show s th a t  th e re  a re  s t a t i s t i c a l l y  s ig n if ic a n t  c o r re la t io n s  

b e tw ee n  e le v a t io n  and l in e a r  a s p e c t  and s e v e ra l  c h a r a c te r i s t i c s  of v e g e 

t a t io n .  H ow ever , th e  on ly  s t a t i s t i c a l l y  s ig n if ic a n t  c o r re la t io n s  w ith 

s lo p e  an g le  e x is t  for bo th  th e  num ber and c o v e r -a b u n d a n c e  of h e rb a ce o u s  

s p e c i e s . A s ig n if ic a n t  n e g a t iv e  c o rre la t io n  e x i s t s  b e tw een  b a s a l  a re a  of 

a p lo t and  e le v a t io n  w hile  a s ig n if ic a n t  p o s i t iv e  c o r re la t io n  o c cu rs  b e 

tw e en  e le v a t io n  and l in e a r  a s p e c t .

There is  a l s o  a s ig n if ic a n t  p o s i t iv e  c o r re la t io n  b e tw ee n  t re e  d e n s i 

ty  and l in e a r  a s p e c t .  If t re e  d e n s i ty  and b a s a l  a re a  a re  c o n s id e re d  as  

m e asu re s  of p ro d u c t iv i ty ,  th e n  p ro d u c tiv i ty  in  th e  A s tra tum  is  h igher on 

low er s o u th - fa c in g  s lo p e s  .

C o v erag e  v a lu e s  of in  re la t io n  to  to p ography  show  an  o p p o s i te  

tren d  th a n  th a t  for t r e e s  . Shrubs in  th e  show  a p o s i t iv e  c o rre la t io n  

w ith  e le v a t io n  and  a n e g a t iv e  c o r re la t io n  w ith  l in e a r  a s p e c t .  The g en e ra l  

p a t te rn  em erging for sh rubs  show s th a t  th e i r  c o v e rag e  v a lu e  in c r e a s e s  in  

th e  B^ on h igher  e le v a t io n s  and tow ard  n o r th - fa c in g  s l o p e s .  The number 

of shrub  s p e c ie s  show s  no s t a t i s t i c a l  c o r re la t io n  w ith  any  of th e  th re e  

to p o g rap h ic  f e a tu r e s ,  w h ich  s u g g e s ts  th a t  th e y  a re  som ew hat uniform ly

d is t r ib u te d  on th e  s lo p e s  .
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N eg a t iv e  c o r re la t io n  b e tw ee n  c o v e rag e  v a lu e s  of th e  C s tra tum  

and e le v a t io n  and l in e a r  a s p e c t  in d ic a te s  t h a t ,  u n lik e  th e  sh rubs  in  th e  

B^, th e  co v e rag e  of th i s  s tra tum  in c r e a s e s  a t  low er e le v a t io n s  and  tow ard 

s o u th - fa c in g  s l o p e s .  S im ila r ly ,  a s ig n if ic a n t  n e g a t iv e  c o rre la t io n  e x is t s  

b e tw ee n  th e  number of h e rb a ce o u s  s p e c ie s  and e le v a t io n .  The s ig n if ic a n t  

p o s i t iv e  c o r re la t io n  b e tw ee n  number of h e rb a c e o u s  s p e c ie s  and s lo p e  

a n g le  i s  c o in c id e n ta l  w ith  th e  fa c t  th a t  th e  s te e p e r  s lo p e s  a re  g e n e ra l ly  

lo c a te d  a t  lo w er  e l e v a t i o n s . T h u s , h e rb a ce o u s  s p e c ie s  seem  to  be  more 

s t ro n g ly  in f lu en ced  by s lo p e  th a n  th e  s h ru b s .  In g e n e r a l ,  th e re  a re  more 

h e rb a c e o u s  s p e c ie s  on lo w e r ,  s te e p e r  s lo p e s  and h e rb a ce o u s  s p e c ie s  

hav e  h igher  co v e rag e  v a lu e s  on lo w e r ,  more so u th - fa c in g  s l o p e s .

O rd ina tion  and  Community Types

P rin c ip a l com ponen t a n a ly s i s  and th e  S w an -D ix -W eh rh ah n  o rd in a 

t io n  w ere  u se d  to  o b je c t iv e ly  group th e  40 s ta n d s  in to  f ive  a b s t r a c t  com 

m unity  t y p e s .  T hese  g roup ings  a re  show n in  F igures  5 and 6 . Both of 

t h e s e  m ethods produced  rem arkab ly  s im ila r  r e s u l t s ,  w h ich  a re  n ea r ly  

mirror im ages  of e a c h  o th e r .  P lo ts  of th e  lo a d in g s  from varim ax  ro ta t io n  

of th e  a x e s  o b ta in ed  from p r in c ip a l  com ponen t a n a ly s i s  fa i le d  to  produce  

any  m eaningfu l g r o u p in g s .

A com p ariso n  o f th e  e f f e c t iv e n e s s  of th e  two o rd in a tio n  p ro ced u res

u se d  i s  shown in  Table  5 .
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Fig
a n a l y s i s .

. 5 . — P o s it io n  of 40 s tan d s  b a se d  on  p r in c ip a l  com ponent 
Note th e  c lu s te r in g  of com m unity t y p e s .
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F ig .  
o rd in a t io n .

6 . — P o s it io n  of 40 s tan d s  b a se d  on  S w an -D ix -W eh rh ah n  
Note  th e  c lu s te r in g  of com m unity t y p e s .
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TABLE 5

COMPARISON OF THE EFFECTIVENESS OF PRINCIPAL COMPONENT 
ANALYSIS (P .C .A .)  AND SWAN-DIX-WEHRHAHN ORDINATION 

( S .D .W .O . )  OF 40 STANDS

O rd ina tion Total
method Axis 1 Axis 2 Axis 3 (3 ax es )

P .C .A . 3 4 . 7a 1 4 .6 7 .4 5 6 .7

S . D . W . O . 1 9 .4b 14 .6 1 0 . 6 4 4 .6

p e rc e n ta g e  v a r ia n c e  a cc o u n te d  for by e ig e n v a lu e s  

bm atrix  e x tra c t io n  p e rc en ta g e

In Table  5 i t  is  no ted  th a t  p r in c ip a l  com ponent a n a ly s i s  a c c o u n ts  

for ab o u t 15% more v a r ia n c e  in  th e  f i r s t  a x is  and abou t 12% more of th e  

to ta l  in  th e  f i r s t  th re e  a x e s  th a n  S w an -D ix -W eh rh ah n  o rd in a t io n .  M ore

o v e r ,  com p ariso n  of F igures  5 and 6 r e v e a ls  th a t  p r in c ip a l  com ponent 

a n a ly s i s  p ro d u ces  more d is t in g u is h a b le  g roup ings  th a n  S w a n -D ix -  

W ehrhahn  o rd in a t io n .  T he re fo re , b a se d  on th e s e  tw o c r i t e r i a ,  th e  p r in c i 

pal com ponen t a n a ly s i s  a p p ea rs  to  be th e  more e f fe c t iv e  method in th is  

s t u d y .

R e la tive  c o v e rag e  v a lu e s  of s e v e ra l  s p e c ie s  of r e p re se n ta t iv e  

v a s c u la r  p la n ts  in  e a c h  s t r a ta  a re  shown in  F igures  7 , 8 , 9 , and 10. 

T hese  f ig u res  g iv e  som e in d ic a t io n  of how a s p e c ie s  i s  d is t r ib u te d  in  

e a c h  ty p e  re la t iv e  to  a l l  o th e r  t y p e s .  As s u c h ,  t h e s e  a re  u se fu l  in  d e s 

c rib ing  th e  com m unity t y p e s .



45

F ig .  7 . — R ela tive  c o v e rag e  v a lu e s  of s p e c ie s  in  th e  A s tra tum  in  
e a c h  com m unity type  (Q, Q uercus  m acrocarpa ; F , F rax inus p e n n sv lv a n ic a ;  
U , Ulmus am er ican a ;  P , Populus t r e m u lo id e s ; B, Betula p apy rife ra ;  T , 
T ilia  am er ican a ;  A , Acer neg u n d o ) .

F ig .  8 . — R ela tive  c o v e ra g e  v a lu e s  of s e le c te d  s p e c ie s  in  th e  B  ̂
s tra tum  in  e ac h  com m unity ty p e  (P, Prunus v i rg in ia n a ; A , A m elanch ier 
a ln ifo l ia ;  C c , C ory lus  c o rn u ta ; C a , C ory lus  a m e r ic a n a ) .
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F ig .  9 . — R ela tive  co v e rag e  v a lu e s  of s e le c te d  s p e c ie s  in  th e  
s tra tum  in  e ac h  com m unity type  (Pv, Prunus v i rg in ia n a ; P i , P a r th e n o c is su s  
i n s e r t a ; Rm, Ribes m is s o u r ie n s e ; Vr, Viburnum ra f in esg u ian u m ; C c , 
C ory lus  co r  nut a ) .

F ig .  1 0 .— R ela tive  c o v e ra g e  v a lu e s  of s e le c te d  s p e c ie s  in  th e  C 
s tra tum  in  e ac h  com m unity ty p e  (C a , C arex  a s s in ib o in e n s i s  ; G b , Galium 
b o r e a le ; SI, S te l la r ia  lo n g i fo l ia ; Sh , Sm ilax h e r b a c e a ; T d , Thalictrum  
d asy c a rp u m ) .
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The p re s e n t  d a ta  on m o s se s  and l ic h e n s  i s  in c lu d ed  bo th  in  th e  

d e sc r ip t io n  of com m unity ty p e s  and in  Table 1. Two s p e c ie s  of m o s s e s ,  

Brachvthecium  s p . and L esk ea  a re n ic o la  a re  found in  a l l  com m unity ty p es  

and th u s  a re  not u se fu l  for d ia g n o s t ic  p u r p o s e s .  L esk ea  a re n ic o la  is  th e  

m ost u b iq u ito u s  m o s s .  S im ila r ly ,  th e  l ic h e n s  Xanthoria  f a l l a x , P h y sc ia  

s t e l l a r i s , P_. a i p o l i a . and P . q r i s e a  a re  p re s e n t  in  a l l  t y p e s .

Community Type 1

The 13 s ta n d s  r e p re se n ta t iv e  of th is  type  a re  lo c a te d  prim arily  on

upper and m iddle  so u th -  and w e s t - f a c in g  s l o p e s . The s lo p e  a n g le s  range

from 9 to  2 8 ° ,  w ith  an av e rag e  of 1 6 ° .  Among th e  o v e rs to ry  s p e c i e s ,  bur

oak h a s  th e  h ig h e s t  a b s o lu te  and h ig h e s t  re la t iv e  (72.6%) co v e rag e  v a lu e s

here  (Figure 7). G reen  a s h  a l s o  h a s  a h igh  a b so lu te  v a lu e  and i ts  h ig h e s t

re la t iv e  c o v e rag e  v a lu e  (43.7%) in  th is  ty p e .  Basswood and American elm

are  p r e s e n t ,  but have  low  c o v e rag e  v a lu e s  . There a re  an  av e rag e  of 1 0 .8  
2

t r e e s /1 0 0  m .

Prunus v irg in ian a  (chokecherry) and g reen  a s h  re a ch  th e i r  h ig h e s t  

r e la t iv e  co v e rag e  v a lu e s  in  bo th  th e  B and B s t r a t a .  A m elanch ier a ln i -
-L Lu

fo lia  (Juneberry) h a s  i t s  h ig h e s t  re la t iv e  co v e rag e  in  th e  and a high 

v a lu e  in  th e  B  ̂ . The low  sh ru b , Sym phoricarpos a lb u s  (snow berry ), has  

i t s  h ig h e s t  r e la t iv e  co v e rag e  v a lu e  in th is  type .

H e rb aceo u s  p l a n t s ,  w ith  h igh  re la t iv e  c o v e rag e  v a l u e s ,  c o n s i s t e n t 

ly  found in  th is  ty p e  (Figure 11) in c lu d e  Anemone c a n a d e n s i s  , Poa p ra te n s is  , 

C arex  a s s in ib o in e n s i s  , C_. s p r e n q e l i i , F ragaria  v irg in ian a  . Galium b o r e a l e .
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F ig . 11. Ground co v er v e g e ta tio n  show ing Anemone c a n a d e n s is  . 
Ga l ium b o re a le , Poa p ra te n s is  , and Lathyrus o ch ro leu cu s in a Q uercus 
m acrocarpa s ta n d .
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Lathvrus o c h ro leu cu s  . and  Sm ilac ina  s t e l l a t a

There a re  no s p e c ia l  p a t te rn s  in d is t r ib u t io n  of m o s se s  th a t  h e lp  

to  d i s t in g u is h  th is  ty p e  from th e  o th e rs  .

The l i c h e n ,  Parm elia  u lo p h v llo d es  , i s  r e s t r ic te d  to  th i s  community 

ty p e  and  to  ty p e  2 .

Community Type 2

U nlike  ty p e  1, th e  10 s ta n d s  w ith in  th is  ty p e  a re  n ea r ly  a l l  north  

and w e s t  f a c in g .  S im ilar to  ty p e  1 , s tan d s  a re  lo c a te d  a t  u p p e r  and m id

s lo p e  p o s i t i o n s .  The s lo p e  a n g le s  range  from 9 to  2 0 ° .  The av e rag e  of 

13° i s  3°  l e s s  th a n  for ty p e  1 .

The o v e rs to ry  c o n s i s t s  of four s p e c ie s  of t r e e s . Arranged in  

d e c r e a s in g  order of a b so lu te  c o v e rag e  v a lu e ,  t h e s e  in c lu d e  b a s s w o o d ,  

bur o a k ,  g reen  a s h ,  and American e lm . None of t h e s e  re a c h  th e i r  h ig h 

e s t  r e la t iv e  c o v e r  v a lu e  in  th is  ty p e ,  h o w ev er ,  th e  v a lu e  for b a ssw o o d

(39.2%) is  c lo s e  to  th e  m axim um . Tree d e n s i t y  av e rag e  for th is  ty p e  is

27 . 6  t r e e s / 1 0 0  m .

The shrub la y e r  h a s  a la rg e  re p re se n ta t io n  of C ory lus  am er ican a  

(American h az len u t)  and C_. co rnu ta  (beaked h a z l e n u t ) , a l th o u g h  n e ith e r  

h a s  i t s  h ig h e s t  re la t iv e  v a lu e  in  th i s  ty p e .  S im ilar to  type  1, c h o k e -  

ch erry  and Juneberry  hav e  h igh  a b so lu te  co v e rag e  v a lu e s  in  bo th  th e  

and s t r a t a .  The re la t iv e  c o v e rag e  v a lu e  for Juneberry  in  th e  B^ 

s tra tum  (49.1%) is  th e  h ig h e s t  among a l l  t y p e s .
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G ro u n d -co v e r  p la n ts  w ith  h igh  re la t iv e  c o v e r  v a l u e s , w h ich  s e t  

th is  type  apar t  from o th e r s ,  in c lu d e  Aralia n u d i c a u l i s , S te l la r ia  lo n g i-  

f o l i a . M aianthem um  c a n a d e n s e , Trillium c e rn u u m , O ry zo p sis  a sp e r i fo l ia  . 

.O. r a c e m o s a , Thalictrum d a s y c a rp u m , and Z iz ia  a u r e a . All hav e  th e i r  

h ig h e s t  re la t iv e  c o v e rag e  v a lu e s  in  th is  ty p e .

The g en e ra l  s p e c ie s  co m posit ion  of th is  ty p e ,  in c lu d in g  v a s c u la r  

p l a n t s , m o s se s  , and  l i c h e n s , i s  more s im ila r  to  type  1 th a n  any  o th e r  ty p e .

Community Type 3

The f ive  s ta n d s  r e p re s e n ta t iv e  of th is  ty p e  a re  lo c a te d  on m iddle

s lo p e s  of north  to  n o r th e a s t  a s p e c t .  Slope a n g le s  ran g e  from 9 to  2 8° ;  

o
th e  a v e rag e  i s  10  .

G reen  a s h  and bur oak  a re  the  dom inan t t r e e s  . R e la tive  to  ty p e s  

1 and 2 ,  the  co v e rag e  v a lu e s  of t h e s e  s p e c ie s  a re  lo w .  Basswood and 

American elm a re  p r e s e n t ,  bu t not uniform ly d is t r ib u te d  among th e  s t a n d s .  

The av e rag e  number of t r e e s  in a p lo t ,  3 . 6 ,  i s  th e  lo w e s t  of a l l  community 

t y p e s .

Shrubs in  th e  s t r a ta  a re  p r in c ip a l ly  American and b eak ed  h a z le -  

n u t . T hese  s p e c ie s  h av e  th e i r  h ig h e s t  re la t iv e  co v e rag e  v a lu e  in  th is  

ty p e .  In th e  B  ̂ , th e  l i a n a ,  Vitis v u lp ina  (wild g ra p e ) ,  h a s  i t s  h ig h e s t  

r e la t iv e  co v e rag e  v a lu e .

Only a sm all number of h e rb a ce o u s  p la n ts  have  h igh  enough r e l a 

t iv e  co v e rag e  v a lu e s  to  d is t in g u is h  th is  ty p e  from th e  o t h e r s . T hese  

in c lu d e  S m ilac ina  s t e l l a t a  , Sm ilax h e rb a c e a  , and Thalictrum  d a s y c a rp u m .
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Some of th e  h e rb a ce o u s  s p e c ie s  found in  th is  ty p e  a re  show n in  F igure  12 .

Cam pylium  h isp idu lum  and P y la is ie l la  p o lyan tha  . m o s se s  p re s e n t  

in  ty p e s  1 and  2 , and P h y sc ia  o r b i c u l a r i s , p re s e n t  in  ty p e s  1 , 2 ,  and  4 ,  

were  not p re s e n t  h e r e .  A lso a b s e n t  w as  C a n d e la r ia  c o n c o lo r . w hich 

o c cu rs  in a l l  o th e r  ty p e s  .

The g e n e ra l  c o m p o s i t io n  of th e  v e g e ta t io n  in  th is  ty p e  m akes  i t  

som ew hat t r a n s i t io n a l  b e tw ee n  ty p e s  1 and 2 and ty p e  4 .

Community Type 4

All e igh t s ta n d s  r e p re s e n ta t iv e  of th i s  ty p e  a re  lo c a te d  on lo w er  

n o r th - fa c in g  s l o p e s .  S lopes  ran g e  from 6 to  3 2 ° .  The a v e r a g e ,  1 9 ° ,  i s  

th e  h ig h e s t  among a l l  t y p e s .

B assw ood a t ta in s  i t s  h ig h e s t  co v e rag e  v a lu e  he re  and  is  th e

dom inant o v e rs to ry  s p e c ie s  . A spen  is  found on ly  in  th is  com m unity  type

(Figure 13). Birch h a s  a c o v erag e  v a lu e  of 97.5%  re la t iv e  to  o th e r  t y p e s .

The p re s e n c e  of th e s e  tw o s p e c ie s  c le a r ly  d i f f e r e n t ia te s  th i s  ty p e  from

2
th e  o th e r s .  The d e n s i ty  of t r e e s  is  8 .2 /1 0 0  m .

A sso c ia te d  w ith  t h e s e  o v e rs to ry  s p e c ie s  a re  th e  sh rubs  C ornus 

s to lo n ife ra  (red-osie r d o g w o o d ) , m ain ly  r e s t r ic te d  to  th is  t y p e , and 

American and b e ak e d  h a z l e n u t . Vitis v u lp ina  h a s  co v e rag e  v a lu e s  n ea r ly  

a s  h igh  a s  in  ty p e  3 .

The h e rb s  Aralia n u d i c a u l i s , A guileg ia  c a n a d e n s i s  . M aianthem um  

c a n a d e n s e  , Sm ilax  h e rb a c e a  , Trillium cernuum  , and Galium triflorum  a ll

h av e  h igh  re la t iv e  co v e rag e  v a lu e s  .
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Fig . 12. Trillium cernuum , Thalictrum dasycarpum  , X* venulosum  . 
Galium b o r e a l e , and Poa p ra te n s is  in a Q u ercu s-F rax in u s-U lm u s  s t a n d .
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Fig . 13 Populus trem ulo ides canopy  (plot 3 6).
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The s p e c ie s  co m p o s i t io n  of m o s se s  is  q u i te  s im ila r  to  ty p e s  1 and 

2 . U nlike  o th e r  ty p e s  , Mnium cu sp id a tu m  w as  reco rd ed  in  every  s t a n d . 

The l i c h e n  s p e c ie s  a re  th e  sam e  a s  found in type  3 . Like type  3 ,

Parm elia  u lo p h y llo d es  w as  not found h e r e .  P hvsc ia  o rb ic u la r is  occurred  

in  on ly  one  of th e  e ig h t  s ta n d s  .

Community Type 5

The four s ta n d s  w ith in  th i s  ty p e  a re  a l l  lo c a te d  on the  f lo o d p la in .

T hese  s ta n d s  s lo p e  s l ig h t ly  (1 to  3°) northward tow ard  th e  F o res t  R iver.

The dom inant t r e e  s p e c ie s  a re  box  e ld e r  and  A m erican e lm . In t h e s e

s t a n d s ,  box e ld e r  dom inated  in  th re e  s t a n d s ,  American elm in  o n e .  T hese

tw o s p e c ie s  h av e  a r e la t iv e  co v e rag e  v a lu e  of 80.0% and 4 6 .9 % . Tree
2

d e n s i ty  is  5 .7  s te m s / 1 0 0  m .

One of th e  c o n sp ic u o u s  fe a tu re s  of th e  f lo o d p la in  v e g e ta t io n  in  th e  

p lo ts  s tu d ied  i s  th e  g e n e ra l  l a c k  of shrubs . No s p e c ie s  w ere  reco rd ed  in 

th e  s tra tu m . American e lm , Ribes m is s o u r ie n s is  (M issouri g o o seb e rry ) ,  

and P a r th e n o c is su s  in s e r ta  (woodbine) a re  th e  on ly  s p e c ie s  in  th e  B found 

in  more th a n  one  p l o t .

Two s p e c ie s  of h e r b s ,  Galium  ap a r in e  and Laportea  c a n a d e n s i s  , 

c o m p le te ly  dom ina te  th e  ground c o v e r  he re  (Figure 14). In ad d i t io n  to  

t h e s e ,  Leonurus c a r d i a c a , Hydrophyllum  v irg in ianum  . and Viola P e n n sy l

v a n i a  have  th e i r  h ig h e s t  r e la t iv e  c o v e rag e  v a lu e  in th is  ty p e .

The s tr ik in g  c o n tra s t  b e tw ee n  s p e c ie s  of v a s c u la r  p la n ts  h e re  and

on th e  s lo p e s  is  p a ra lle le d  by th a t  o f th e  l ic h e n s  and m o s s e s .  O nly th re e
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s p e c ie s  of m o s se s  , B rachythecium  s p . ,  Cam pylium h is p id u lu m . and 

L esk ea  a r e n i c o l a , a re  com m on. The l ic h e n s  reco rded  here  in c lu d e  

X anthoria  f a l l a x , X. p o ly c a r p a , C an d e la r ia  c o n c o lo r ,  C a lo p la c a  a u r e n t i a c o . 

P h y sc ia  s te l l a r i s  , _P. a ip o l ia  , and  P . g r i s e a  .

The s c a r c i ty  of s p e c ie s  of v a s c u la r  p l a n t s ,  m o s s e s ,  and  l ic h e n s  

d i s t in g u is h e s  th is  ty p e  from a ll  o t h e r s .

Soil M orphology

Based on th e  1960 U .S .  D epartm en t of A gricu lture  sy s tem  (7th 

A pproxim ation), so il  r e p re s e n ta t iv e  of th e  a rea  and  th e i r  r e s p e c t iv e  p a ren t  

m a te r ia ls  are  a s  fo llow s: (1 ) S ioux S e rie s  (Entic H ap lo b o ro lls )  forming on 

b e a c h  ridge  and g la c ia l  o u tw ash  s a n d s  and g r a v e l s ,  (2) Buse S e rie s  

(Entic H ap loboro lls )  on g l a c i a l - t i l l , (3) H e c la  S e rie s  (Pachic H ap loboro lls )  

on loam y san d  e o l ia n  d e p o s i t s ,  and (4) F a ird a le  S e r ie s  (Typic U s t if lu v e n ts )  

on san d y  a l lu v iu m . R esu l ts  of th i s  so i l  c l a s s i f i c a t i o n  a long  w ith  th e  n ear  

e q u iv a le n c e  of so i l  subgroups in  C an a d ia n  (National Soil Survey C om m ittee  

of C a n a d a ,  1968) and UNESCO/FAO (C lay ton , 1968) c l a s s i f i c a t i o n s  for a ll  

40 p lo ts  a re  show n in  Table 6 .

The s o i l s  of th e  Sioux S e rie s  a re  common on upper  e le v a t io n s ;  

h o rizons  a re  th in  and poorly  d e v e lo p e d . The d e sc r ip t io n  of th e  so il  

p ro f ile  from p lo t 8 , r e p re s e n ta t iv e  of th is  s e r i e s ,  fo llow s:

H orizon  D e sc r ip t io n

0 1  4 to  2 cm; lo o s e  la y e r  of bur oak  le a v e s  w ith  
a few  t w i g s ,

0 2  2 to  0 cm; dark ; am orphous; 21 .7%  o rgan ic  
m atte r;  pH 8 . 1 ,



TABLE 6

CLASSIFICATION OF SOILS STUDIED TO THE SUBGROUP LEVEL

U .S .D .A .  (1960, 1967)ia  U .S .D .A . (1938)b C an ad ian  (1965)° UNESCO/FAO (1968)d Plot N o .

Entic H aploboroll Regosol Rego Dark Brown H ap lic  C a s ta n o z e rn 8 , 9 ,  11, 14, 18
(Sioux S e rie s ) Chernozem

Entic H aploboroll Regosol Rego Dark Brown H ap lic  C a s ta n o z e rn 1 , 2 , 4 ,  6 , 7, 10,
(Buse S eries ) Chernozem 12, 13, 19, 20 ,

2 4 ,  2 5 ,  26 ,  32 ,
33 , 35 , 3 6 ,  37

Pachic  H aploboroll Chernozem Orthic Dark Brown H ap lic  C a s ta n o z e rn 3 ,  5 , 15, 16, 17,
(Hecla Series) 21 , 22 , 23 , 31 ,

34 , 3 8 ,  3 9 ,  40

Typic U stif luven t Alluvial Orthic Regosol Entric R hegosols 27 , 2 8 ,  2 9 ,  30
(Fairdale Series)

a U .S .  D epartm ent of A griculture  (I960 , 1967) 

b U .S .  D epartm ent of Agriculture (1938)
Q

N ational Soil Surv^r Com m ittee of C an ad a  (1965) 

World C la s s i f ic a t io n  UNESCO/FAO (C layton , 1968)
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A1 0 to  2 8 cm; ve ry  dark  g ray  (10 YR 3 / l )  to  b la ck
(10 YR 2 /1  m ois t) ;  s an d y  loam ; g ranu la r;  non - 
s t i c k y ,  n o n p la s t ic ;  roo ts  ve ry  ab undan t;  wavy 
boundary ; 4 .1%  o rgan ic  m atte r;  pH 7 . 7 ,

IIC 2 8 cm+ (rooting dep th  46); p a le  brown (10 YR
6/3) to  dark  brown (10 YR 4 /3  m ois t) ;  sandy  
loam ; s t ru c tu re le s s ;  n o n s t ic k y ,  n o n p la s t ic ;  roo ts  
ve ry  few  to  so l i ta ry ;  0 .9%  o rgan ic  m atte r ;  pH 7 . 4 .

So ils  of th e  Buse S e rie s  form on m iddle  to  lo w er  s lo p e s  (Figure 15). 

Although ho rizons  a re  not w ell d e v e lo p e d ,  s o i l s  of th is  s e r ie s  show  g re a t 

er d eve lopm en t th a n  any  o t h e r s . The d e s c r ip t io n  of th e  so i l  p rofile  in p lo t

1 i s  ty p ic a l  of th i s  s e r ie s :

H orizon D e sc r ip t io n

0 1  6 to  2 cm; lo o s e  la y e r  of bur oak  le a v e s  and 
t w i g s ,

0 2  2 to  0 cm; dark  and com pact; m ycelia  p re sen t ;  
17.6% o rgan ic  m atter;  pH 7 . 7 ,

A1 0 to  2 0 cm; dark  g ray  (10 YR 4 / l )  to  ve ry  dark
gray  (10 YR 3 / l  m ois t) ;  san d y  c la y  loam ; 
g ranu la r ;  n o n s t ic k y ,  n o n p la s t ic ;  roo ts  very  
ab undan t;  c l e a r ,  w avy  boundary ; 3 .4%  organ ic  
m atte r;  pH 7 . 8 ,

B2 2 0 to  45 cm; p a le  brown (10 YR 6 /3 ) to  brown
(10 YR 5 /3  m ois t) ;  w eak ly  d ev e lo p e d ;  c la y  
loam ; p r ism a tic ;  s l ig h t ly  s t i c k y ,  s l ig h t ly  
p la s t ic ;  roo ts  few  to  so l i ta ry ;  g ra d u a l ,  sm ooth 
boundary ; 1 . 1% organ ic  m atter;  pH 7 .4 ,

C ca  45 cm+(rooting d ep th  62); l ig h t  y e l lo w ish  brown
(10 YR 6 /4 ) to y e l lo w ish  brown (10 YR 5 /4  
m ois t) ;  c la y  loam ; s l ig h t ly  s t i c k y ,  s l ig h t ly  
p la s t ic ;  roo ts  few  to  so l i ta ry ;  1 . 2 % organ ic  
m atte r;  pH 7 . 6 .

So ils  of the  H e lca  S e r ie s  a re  common on s o u th -  and e a s t - f a c in g  

s lo p e s ,  w here  p rev a il in g  w inds have  d e p o s i te d  th ic k  la y e r s  of lo e s s  

(Figure 16). Rooting d e p th s  of up to  78 cm w ere reco rded  in  th e s e  s o i l s .  

They have  the  d e e p e s t  roo ting  d ep th s  of th e  four so il  s e r i e s .  A d e s c r ip 

tio n  of p lo t  3 9 s e rv e s  a s  an  exam ple:
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F ig .  15 . —An Entic Haploboroll under a Q uercus-F rax inus  s tand  . 
Note the  g la c ia l - t i l l  paren t m a te r i a l .
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H orizon  D e sc r ip t io n

0 1  3 to  1 cm; lo o s e  la y e r  of bur oak  le a v e s  and 
t w i g s ,

02  1 to  0 cm; dark  and c o m p ac t ,  2 9.5% o rgan ic  
m atte r;  pH 8 . 2 ,

A1 0 to  63 cm; ve ry  dark  g ray  (10 YR 3 /1 )  to  b lack
(10 YR 2 /1  m ois t) ;  san d y  c la y  loam ; crumb; no n -  
s t i c k y ,  n o n p la s t ic ;  roo ts  ab undan t;  c l e a r ,  sm ooth 
boundary ; 2 .8%  o rgan ic  m atte r;  pH 6 . 8 ,

C 63 cm+ (rooting d ep th  70); dark  g ray  (10 YR 4 /1 )
to  ve ry  dark  g ray  (10 YR 3 /1  m ois t);  san d y  loam; 
s t ru c tu re le s s ;  n o n s t ic k y ,  n o n p la s t ic ;  roo ts  few  
to  so l i ta ry ;  0.8% o rgan ic  m atte r;  pH 6 . 6 .

R es tr ic ted  to  th e  f lo o d p la in ,  s o i l s  of th e  F a ird a le  S e r i e s ,  l ik e  the

S io u x , a re  poorly  d e v e lo p e d .  A s ig n i f ic a n t  fe a tu re  of th is  s e r ie s  is  th e  

sh a l lo w  roo ting  z o n e .  Rooting d e p th s ,  a s  l i t t l e  a s  17 cm , a re  th e  sh a l lo w 

e s t  of th e  four s e r i e s .  The so il  p rofile  d e s c r ip t io n  of p lo t 2 9 i s  r e p r e s e n 

ta t iv e  of th is  s e r ie s :

H orizon D e sc r ip t io n

01 2 to  0 .5  cm; lo o se ;  d is c o n t in u o u s  la y e r  of box 
e ld e r  l e a v e s ,

02  0 .5  to  0 cm; dark  com pact; 11.7% o rgan ic  m atte r;  
pH 8 . 1 ,

A1 0 to  17 cm; dark  g ray  (10 YR 4 /1 )  to  ve ry  dark
g ray  (10 YR 3 /1  m ois t) ;  s an d y  c la y  loam ; crumb; 
s l ig h t ly  s t i c k y ,  s l ig h t ly  p la s t ic ;  roo ts  few; c l e a r ,  
sm ooth boundary ; 8 . 6% organ ic  m atte r;  pH 7 . 9 ,

C 17 cm+ (rooting dep th  3 7); dark  gray  brown
(10 YR 4 /2  to  ve ry  dark  g ray  brown (10 YR 3 /2  
m ois t) ;  s an d y  loam ; s t ru c tu re le s s ;  n o n s t ic k y ,  
n o n p la s t ic ;  ch a rco a l  p re se n t ;  roo ts  ve ry  
abu n d an t;  2 .2%  o rg an ic  m atte r;  pH 7 .7 .

P h y s ic a l  C h a r a c te r i s t i c s  of Soil

T ab les  show ing in d e ta i l  the  p h y s ic a l  p ro p e r t ie s  of e ac h  horizon  

for a l l  40 s tan d s  a re  p re se n te d  in  Appendix B. The m ain  fe a tu re s  of th e s e
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p h y s ic a l  p ro p e r t ie s  w ill  be  d i s c u s s e d  in  th is  s e c t i o n .  Bulk d e n s i t y ,  the  

w e igh t of a u n it  volum e of so il  in i t s  n a tu ra l  s t r u c tu r e , is  an  im portant 

p h y s ic a l  p roperty  of s o i l .  I ts  v a lu e  is  n e c e s s a r y  for c a lc u la t in g  am ount 

of so i l  w a te r  on a w e igh t or volume b a s i s  . Bulk d e n s i ty  of s o i l s  s tu d ied  

ranged  from a low  of 0 .4 8  in  th e  A horizon  of s tan d  15 to  a h igh  of 1 .35  in 

the  C horizon  in  s tan d  2 7 .  Sandy s o i ls  tend  to  hav e  s l ig h t ly  h igher bulk  

d e n s i t i e s  th an  th o s e  w ith  f ine r  t e x tu re .

Soil p a r t ic le  s iz e  d o es  not vary  g re a t ly  b e tw een  A and B ho rizons  in 

the  40 p lo t s .  Texture  c l a s s e s  in  th e s e  ho rizons  in c lu d e  s an d y  loam , 

san d y  c la y  lo am , and c la y  lo a m . In th e  C ho rizons  an  a d d i t io n a l  tex tu re  

c l a s s ,  s a n d ,  i s  p r e s e n t .  M o st  of A , B, and C ho rizons  a re  s an d y  loam s 

w here  pa ren t m a te r ia l  c o n s i s t s  of b e ac h  sand  and san d y  c la y  loam w here 

p a ren t m a te r ia l  is  g l a c i a l - t i l l .

D if fe re n c es  in  so il  s t ru c tu re  and te x tu re  s trong ly  in f lu en ce  th e  

w a ter  re te n t io n  c a p a c i ty  of s o i l s .  The 1/3 ba r  l e v e l ,  a s  de te rm ined  in 

the  la b o ra to ry ,  ap p rox im ates  th e  f ie ld  w a te r  c a p a c i ty .  A com parison  

b e tw een  1/3 ba r  v a lu e s  and a c tu a l  f ie ld  w a te r  le v e l s  show s th e re  is  no 

s ig n if ic a n t  c o rre la t io n  b e tw ee n  them in  th e  A and B h o r iz o n s .  H ow ever , 

a s t a t i s t i c a l l y  s ig n if ic a n t  c o rre la t io n  c o e f f ic ie n t  a t  th e  0 . 0 1  le v e l  

(r=0.614) e x i s t s  b e tw een  f ie ld  w a te r  and 1/3 ba r  in  th e  C h o r iz o n s .  The 

upper  ho rizons  a re  more v a r ia b le  in  w a te r  a v a i la b le  for p lan t  g row th .

T hese  ho rizons  a re  w et a f te r  ra in y  p e r io d s , bu t becom e very  dry  la te  in 

th e  sum m er. A va ilab le  so il  w a te r  l e v e l s  in  p lo ts  1, 14, and 23 m easu red  

from June 10 to  O ctober 15, 1971, (Figure 17) i l lu s t r a te  th is  p o in t .  A
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F ig .  1 7 . — P ercen tag e  a v a i la b le  w a te r  a t  two so il  d e p th s :  20 cm 
and maximum roo ting  d ep th  in  p lo ts  1, 14, and 23 .
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d e f in i te  lag  i s  no ted  b e tw ee n  th e  am ounts  of a v a i la b le  so il  w a te r  in  s u r 

face  and su b su r fa c e  h o r iz o n s .  A m arked d e c r e a s e  in so il  w a te r  occurred  

in  m id -A u g u s t .  Around th is  t im e ,  h e rb a ce o u s  p la n ts  b eg an  to  tu rn  y e llo w  

and to  d ry  u p .  This phenom enon w as  not o b se rv ed  u n ti l  e a r ly  Septem ber 

during  the  1970 grow ing s e a s o n .  This s u g g e s ts  th a t  in  1971, h e rb aceo u s  

p la n ts  were  under s t r e s s  due  to  d rought co n d i t io n s  and not to  a c h an g e  in 

p h o to p e r io d .

Further in s ig h t  in to  th e  s o i l - w a te r  re la t io n s h ip s  of t h e s e  th ree  

s ta n d s  is  g a in ed  by  p lo tt ing  th e  p e rc en ta g e  w a te r  by w e igh t a t  1/ 3 , 1 ,

5 ,  10, and 15 b a rs  for e ac h  h o r iz o n .  W ate r  d e p le t io n  cu rv es  b a se d  on 

th is  d a ta  a re  p re sen te d  in  F igure 18. B ecau se  sp e c if ic  co n d u c t iv i ty  

v a lu e s  a re  low  for th e s e  s o i l s  and pH is  n ea r ly  n e u t r a l ,  th e  d if fu s io n  

p re s su re  d e f i c i t ,  due  to  th e  osm otic  c o n c e n tra t io n  of so il  s o lu te s  in  th e  

so il  s o lu t io n ,  is  n e g l ig ib le  (W adleigh , 1946). T here fo re , th e  to ta l  so il  

w a te r  s t r e s s  is  a t t r ib u ta b le  to  th e  so il  w a te r  t e n s io n  (matric p o te n t ia l ) .

A com p ariso n  b e tw ee n  th e  w a te r  r e te n t io n  c a p a c i ty  (taken a s  a d if fe ren ce  

b e tw ee n  1/3 and 15 b a rs )  w ith in  e ac h  m inera l su b su r fa c e  horizon  re v e a ls  

low er le v e l s  in  p lo ts  14 and 23 . This d if fe ren c e  is  du e  to  th e  h igher  

c o n te n t  of sand  in th e s e  two so i ls  . A h ig h e r  o rgan ic  m atte r  c o n ten t  in 

p lo ts  14 and  23 h o w ev er ,  o f f s e ts  th is  d if fe ren ce  in th e  A h o rizons  w here  

p lo t 14 h a s  more th an  and  p lo t 23 th e  sam e le v e l  of a v a i la b le  w a te r  a s  

p lo t 1 . In a l l  h o rizons  in  th e  th re e  p lo ts  a la rg e  am ount of w a te r  is  a v a i l 

a b le  to  p la n ts  b e tw ee n  1/3  and  1 b a r .  The w a te r  c o n ten t  d e c r e a s e s  a s  

th e  so i l  w a te r  t e n s io n  in c r e a s e s  and th e re  i s  a c o n s id e ra b le  d e c r e a s e
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beyond th e  5 b a r  l e v e l .  T hus , co n tra ry  to  th e  c o n c e p t  p roposed  by 

Veihmeyer (195 6 ) and Veihmeyer and H en d rick so n  (195 0), th e  am ount of 

w a te r  a v a i la b le  to  p la n ts  in  th e s e  s o i l s  i s  not e q u a l ly  a v a i la b le  a t  a ll  

l e v e l s  b e tw een  1/3 and 15 ba rs  (see S ta n h i l l ,  195 7). M oreover ,  th e  

d i f f e re n c e s  in p e rc en ta g e  w a te r  by  w e igh t among h o rizons  w ith in  th e  sam e 

p ro f i le ,  p a r t ic u la r ly  a t  th e  1/3 b a r  l e v e l ,  show th e  im portance  of m e a su r

ing th e  w a te r  re te n t io n  le v e l s  in  e a c h  g e n e t ic  horizon  s e p a r a te ly .

C hem ica l P ro p er tie s  of Soil

A co m p le te  a n a ly s i s  of th e  ch em ica l  p ro p e r t ie s  of s o i l s  w ith in  the  

Biology Area is  reported  in  Appendix  B. A summary of th e s e  p ro p e r t ie s  is  

in c lu d ed  in th e  fo llow ing d i s c u s s i o n .

The humus is  s l ig h t ly  a lk a l in e ;  for e x am p le ,  pH ran g e s  from 7 .4  

to  8 . 4 .  M inera l  h o r izo n s  a re  n ea r ly  neu tra l  w ith  a pH range  of 6 .1 to  

7 . 9 .  As a r u le ,  humus and m inera l h o rizons  forming on g l a c i a l - t i l l  

p a re n t  m a te r ia l  hav e  h ig h e r  pH le v e l s  th an  th o s e  forming on sand  or w here 

la rg e  am ounts  of lo e s s  a re  p r e s e n t .  The pH v a lu e s  o b ta in ed  w ith  0 .0 1  

m olar CaCl^ w ere  c o n s i s te n t ly  lo w er th a n  th o s e  o b ta in e d  w ith  th e  w a te r  

so lu b le  f r a c t io n .  In m ost c a s e s ,  th e y  w ere  ab o u t one  pH u n i t  lo w e r .

The e le c t r i c a l  c o n d u c ta n c e ,  an  e x p re s s io n  of to ta l  so lu b le  s a l t  

c o n c e n t ra t io n ,  v a r ie s  c o n s id e ra b ly  among th e  p lo t s .  Humus la y e r s  have  

th e  h ig h e s t  v a l u e s ,  rang ing  from 241 to  1380 m ic ro m h o s /c m . M inera l 

h o rizons  have  v a lu e s  from 52 in  th e  C horizon  of p lo t 13 to  741 m ic ro m h o s /  

cm in  th e  A horizon  of p lo t 2 7 .  C o n d u c t iv i ty  of th e  humus and m inera l
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h o rizons  on th e  f lo o d p la in ,  p a r t ic u la r ly  p lo ts  2 7 and 2 8 , is  g e n e ra l ly  h ig h 

er th a n  th o s e  on th e  s lo p e s  . Among s o i l s  on th e  s l o p e s ,  th o s e  o r ig in a tin g  

from g l a c i a l - t i l l  have  the  lo w e s t  co n d u c t iv i ty  v a l u e s .

S im ilar to  c o n d u c t iv i ty  v a l u e s , th e  range  of th e  c a t io n  ex ch an g e  

c a p a c i t i e s  of th e  humus la y e r s  and m inera l s o i ls  in  f lo o d p la in  p lo ts  2 7 

a n d  2 8 (17.6  to  2 8 0 .0  m eq /1 0 0  g) a re  among th e  h ig h e s t  in  a l l  s t a n d s .  

T hese  high  v a lu e s  may be  a t t r ib u te d  to  two fac to rs  . F i r s t ,  pe r iod ic  

flood ing  re s u l t s  in  d e p o s i t io n  of s i l t ,  c l a y ,  and o rgan ic  m a t te r ,  r e s p o n s 

ib le  for en richm ent in ch em ica l  e le m e n ts .  S ec o n d ly ,  u n lik e  the  o th e r  two 

(29, 30) f lo o d p la in  p lo t s ,  p lo ts  27 and 28 l i e  on a sm all s lo p e w a s h  fa n .  

This fan  re c e iv e s  en richm ent in th e  form of c la y s  and o rgan ic  m a tte r  from 

th e  s lo p e s  a b o v e .

C a t io n  e x ch an g e  c a p a c i ty  among a l l  p lo ts  ran g e s  from 6 .3  m e q /

100 g in  th e  san d y  C horizon  of p lo t 14 to  152 . 6  m eq /1 0 0  g in th e  A 

h o r izo n s  of p lo ts  24 and 25 . Humus v a lu e s  vary  from 9 2 .6  to  2 8 0 .0  m e q /  

1 0 0  g .

O rganic m a tte r ,  an  e x p re s s io n  of b io m ass  p ro d u c tio n , show s a 

m arked d e c r e a s e  w ith p ro file  d e p th .  In th e  humus l a y e r ,  o rgan ic  m a tte r  

ran g e s  from 4 .1  to  3 3 .2 % . The low  v a lu e  (4.1%) is  p robab ly  due  to  the  

p re s e n c e  of m inera l so il  in  som e of th e  sam p les  . In a few p l o t s , th e  

humus la y e r s  w ere  so th in  th a t  i t  w as  n ea r ly  im p o ss ib le  to  c o l le c t  humus 

w ithout som e co n tam in a tio n  by u n derly ing  m inera l s o i l . The le v e l s  of 

o rgan ic  m a tte r  in  th e  m inera l s o i l s  a re  a s  fo llow s: (1) A h o r iz o n ,  1 .5  to 

11.6% ; (2) B h o r iz o n s ,  0 .6  to  2 .4% ; and (3) C h o r iz o n s ,  0 .1  to  2 .2 % .
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The ch em ica l  e lem en ts  a s  s tu d ied  c a n  be d iv ided  in to  two b a s ic  

g roups : (1) r e p la c e a b le  and w a te r  so lu b le  and (2) a v a i l a b l e .  The four 

m ajor c a t i o n s ,  c a lc iu m , m ag n es iu m , p o ta s s iu m , and sod ium , a re  in c lu d 

ed in  th e  f i r s t  group w ith  phosphorus  and t r a c e  m e ta ls  in  th e  second  

g ro u p . Values for a l l  of t h e s e  a re  g iven  in  Appendix B.

Em phasis  here  is  p laced  on le v e l s  of r e p la c e a b le  ra th e r  th an  w a ter  

so lu b le  c a t io n s  b e c a u s e  th e y  b e t te r  approx im ate  n u t r i e n t s , r e a d i ly  and 

p o te n t ia l ly ,  a v a i la b le  for p lan t  g ro w th . The order of r e p la c e a b le  c a t i o n s ,  

in  d e c r e a s in g  m ag n itu d e ,  in  th e  s o i l s  i s  a s  fo llow s: c a lc iu m , m ag n es iu m , 

p o ta s s iu m ,  and so d iu m . L eve ls  of c a lc iu m  range  from 2 .4  to  4 0 .4  m e q /  

1 0 0  g in  th e  m inera l h o rizons  and  from 1 2 . 0  to  2 6 m eq / 1 0 0  g in th e  humus 

l a y e r s .  M agnesium  v a lu e s  a re  not a s  v a r ia b le  a s  c a lc iu m .  The h ig h e s t  

l e v e l s  (3.25 to  7 .1 0  m e q /1 0 0  g ) ,  in  g e n e r a l ,  o ccu r  in  the  humus l a y e r s .  

The le v e l  in  th e  m inera l ho rizons  is  from 1 .0  to  4 .5  m eq /1 0 0  g .  The 

p o ta ss iu m  le v e l s  va ry  in  th e  m inera l h o rizons  from 0 . 2  8 m eq / 1 0 0  g to  a 

h igh  of 2 .1 9  m eq /1 0 0  g in  a su r fa ce  h o r iz o n .  L evels  in th e  humus range  

from 1 .05  to  2 .2 4  m eq /1 0 0  g .  The sodium  le v e l s  c lo s e ly  p a ra l le l  th o s e  

of p o ta ss iu m  and range  from 0 . 1 0  to  2 . 1  m eq / 1 0 0  g in  a l l  h o r iz o n s .

Among th e  group of e lem en ts  w hich  in c lu d e  phosphorus  and  th e  

t r a c e  e l e m e n t s , th e  am ounts  p re s e n t  from h ig h e s t  to  lo w e s t  le v e l s  re v e a l  

a p a t te rn  a s  fo llow s: m a n g a n e s e ,  i ro n ,  a lum inum , s i l i c o n ,  p h o sp h o ru s ,  

z in c ,  n ic k e l ,  c o p p e r ,  l e a d ,  and s tro n t iu m . H o w ev er,  in  a few  s o i l s ,  

s i l ic o n  le v e l s  a re  ve ry  h igh  (up to  3916 ppm ). A g en e ra l  d e c r e a s e  in  th e  

le v e l  of th e  E D T A -extrac tab le  t r a c e  e lem en ts  in  lo w er  h o rizons  is
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a t t r ib u ta b le  to  a d e c l in e  in  o rgan ic  m a t te r .

P hosphorus  v a lu e s  range  from 1 ppm in  su r fa ce  ho rizons  to  94 ppm 

in  one  humus s a m p le .  On th e  s l o p e s ,  l e v e l s  a re  g e n e ra l ly  low er in  the  

humus a t  upper e le v a t io n s  and h igher  a t  low er e l e v a t io n s ,  w h e rea s  le v e l s  

on th e  f lo o d p la in ,  in  bo th  th e  humus and m inera l h o r iz o n s ,  a re  re la t iv e ly  

lo w .

A g en e ra l  p a t te rn  of m an g an e se  d is t r ib u t io n  e x i s t s  w ith  lo w e s t  

l e v e l s  p re s e n t  on th e  f lo o d p la in  and in  s o i l s  o r ig in a tin g  on g l a c i a l - t i l l  

p a ren t  m a te r ia l .  H ig h e s t  l e v e l s  e x i s t  in  s o i l s  w here  l o e s s  d e p o s i t s  a re  

p r e s e n t .  M a n g a n e se  l e v e l s  range  from 8 0 .5  ppm in  th e  C horizon  of p lo t 

1 to  2 003 ppm in  th e  humus la y e r  of p lo t 3 1 .

Although iron le v e l s  a re  h ig h e r ,  th e  le v e l s  of i ro n  and aluminum 

c lo s e ly  p a ra l le l  e ac h  o the r  in  m ost s o i l s  . The range  for iron is  from 2 5 .5  

to  774 ppm in  C h o r izo n s  of p lo ts  1 and 9 , r e s p e c t iv e ly .  The amount of 

aluminum p re s e n t  show s a g e n e ra l  in c re a s e  w ith  so il  d ep th  rang ing  from 

5 ppm in  a humus la y e r  to  5 74 ppm in  a su b su r fa c e  h o r iz o n .

The range  of s i l ic o n  among a l l  h o r izo n s  is  th e  g r e a te s t  for a l l  

e le m e n ts .  L eve ls  a re  g e n e ra l ly  low  in  s o i l s  forming from g la c ia l  t i l l  and 

high  w here  l o e s s  d e p o s i t s  a re  p r e s e n t .  The e x t re m e s ,  bo th  found in  s u b 

su rfa ce  h o r iz o n s ,  a re  3 0 ppm and 3 916 ppm .

The ran g e  of v a lu e s  in  p a r ts  per m ill ion  for th e  rem ain ing  e lem en ts  

in c lu d in g  humus and  m inera l h o rizons  is  a s  fo llow s: (1 ) z in c ,  1 . 5 5  to  

8 5 .8 ;  (2) n i c k e l , 2 .0  to  1 6 .8 ;  (3) c o p p e r ,  1 .0  to  1 1 .5 ;  (4) l e a d ,  1 .0  to 

1 3 .5 ;  and (5) s tro n tiu m , 0 .0  to  2 . 5 5 .  In s e v e ra l  B and  C h o r izo n s  no
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stron tium  w as d e t e c t e d .  H ow ever , s tron tium  a s  w e ll  a s  m a n g an e se  were 

d e te c ta b le  in som e h o rizons  and th e re fo re  m easu red  in  1 normal ammonium 

a c e ta te  e x tra c t io n s  for a l l  h o r iz o n s .  The ran g e s  of th e s e  two e lem en ts  in  

humus and  m inera l h o rizons  a re  com pared  w ith  EDTA -extraction in  Table  7. 

From th is  ta b le  i t  i s  ap p a ren t  th a t  s trontium  a s  com pared  to  m a n g a n e s e ,  is  

much more re a d i ly  e x tra c te d  w ith  ammonium a c e t a t e .  W ali  and  Krajina 

(1972) and W a l i ,  G ruendling  and  Blinn (1972) have  reported  s im ila r  r e s u l t s  

and a t t r ib u te  th is  d if f e re n t ia l  b eh av io r  of s tron tium  to  i t s  in co m p le te  c h e l a 

t io n  w ith  EDTA. They fee l  th a t  m ost of th e  s tron tium  p re s e n t  in  s o i l s  may 

be lodged  on th e  e x ch an g e  co m p lex .

TABLE 7

STRONTIUM AND MANGANESE LEVELS (ppm) IN AMMONIUM 
ACETATE AND EDTA EXTRACTIONS

H orizon Humus A B C

Ammonium
a c e t a t e -
e x tra c ta b le 7 . 9 - 13 .9

Strontium 

5 . 5 -  15 .9 3 . 2 -  6 .3 1 .9 -  7 .5
EDTA-
e x tra c ta b le 0 . 1 - 2 .4 0 . 3 -  2 .0 0 . 0 -  2 .3 0 . 0 -  2 .5

Ammonium
a c e t a t e -
e x tra c ta b le 1 0 .3 - 9 3 . 6

M an g a n e se  

0 . 5 -  15 .0 0 . 8 -  17 .6 0 . 6 -  7 .4
EDTA-
e x tra c ta b le 3 0 8 .0 -2 0 0 3  .5 1 7 4 .5 -1 1 3 6 .5 1 5 9 .5 - 7 6 3 .0 8 0 .5 - 1 0 2 4 .5
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S tep w ise  M u lt ip le  R eg ress io n

Of th e  in i t ia l  50 s p e c ie s  u sed  for m u ltip le  r e g re s s io n  a n a l y s i s ,  

th ree  s p e c ie s  fa i le d  to  y ie ld  any  in d e p en d e n t  v a r ia b le  w ith  a s t a t i s t i c a l l y  

s ig n i f ic a n t  T - v a l u e . C om parison  b e tw een  th e  m ultip le  c o rre la t io n  (R) 

v a lu e s  o b ta in ed  by  u s in g  transfo rm ed  and un transfo rm ed  d a ta  for th e  r e 

m ain ing  s p e c ie s  a re  show n in Table  8 .

TABLE 8

CHANGES IN MULTIPLE CORRELATION VALUES AS A RESULT OF 
LOGARITHMIC TRANSFORMATION OF SELECTED 

INDEPENDENT VARIABLES

Stratum N o. in c re a s e d N o . d e c r e a s e d N o . w ith  
no change

A (trees) 6 1 0

B (shrubs) 8 11 3

C (herbs) 11 7 0

T otals 25 19 3

S ligh tly  more th a n  o n e - h a l f  of th e  r e g re s s io n s  show  an  in c re a s e  

in  th e  m ultip le  c o rre la t io n  a f te r  lo g a rith m ic  (base 1 0 ) t ra n s fo rm a tio n .  

Among th e  d if fe ren t  s t r a t a ,  th e  in c re a s e  in th e  m u ltip le  c o r re la t io n  a s  a 

r e s u l t  of log tran s fo rm a tio n  is  p re v a le n t  in t re e  s p e c ie s  (8 8 %) and herb 

s p e c ie s  (61%). For shrub s p e c i e s ,  on ly  36% hav e  h ig h e r  m u ltip le  c o r r e la 

t io n  v a lu e s  w ith  transfo rm ed  in d e p en d e n t  v a r i a b l e s ,  w h ile  14% show  no

c h an g e  a t  a l l .
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Based on th e  r e g re s s io n  w ith  th e  h ig h e s t  m u lt ip le  c o r re la t io n  from 

e i th e r  th e  transfo rm ed  or un transfo rm ed  v a r i a b l e s ,  a m u ltip le  re g re s s io n  

e q u a t io n  w as  s e le c te d  to  r e p re se n t  e ac h  of th e  s p e c i e s .  From t h e s e ,  

th o s e  w ith  m u ltip le  R (coeff ic ien t of d e te rm ina tion )  of 0 .22  or h igher 

w ere  s e le c te d  a s  i l lu s t r a t iv e  m odels  . The c o e f f ic ie n t  of d e te rm in a tio n  

r e p re se n ts  a s  a d ec im a l f r a c t io n ,  th e  p e rc e n ta g e  of th e  v a r ia n c e  a c c o u n t 

ed for by m ultip le  r e g r e s s io n .  T h u s ,  a l l  r e g re s s io n  m odels  p re se n te d  

a c c o u n t  for 2 2 % or more of th e  v a r ia n c e  in  p r e s e n c e - a b s e n c e  th a t  c a n  be 

a cc o u n te d  fo r .  T hese  m o d e ls ,  p re sen te d  in  Table 9 fo llow  th e  g en e ra l  

eq u a tio n

Y =  a+b .X  +b X . . . b  X + S E ,X I  Z Z n n
w h e re :

Y = d e p e n d e n t  v a r ia b le  (c r i te r io n ) , 
a = Y in te r c e p t ,
b = p a r t ia l  r e g re s s io n  c o e f f ic ie n t ,
X = in d ep en d en t  v a r ia b le  (p red ic to r) , and 

Se = s tan d a rd  error  of th e  e s t im a te .

Each of th e  env ironm enta l  v a r ia b le s  a re  re ta in e d  w ith in  th e  r e g r e s 

s i o n s ,  a l th o u g h  some o ccu r  more freq u en tly  th a n  o th e r s .  Table  10 show s 

th e  freq u en cy  of o c cu r ren c e  of t h e s e  env ironm enta l p a ram ete rs  . This f re 

q u en cy  w as  de te rm ined  from th e  one  m em ber of e a c h  of t ra n s fo rm e d -  

un transfo rm ed  p a ir s  w ith  th e  h ig h e s t  m u ltip le  R.

A n a ly s is  of Table  10 re v e a ls  a d if fe ren t  env ironm enta l  v a r ia b le  

o ccu rs  m ost f r eq u en tly  in e ac h  s t ra tu m . The m ost f req u en tly  re ta in ed  

v a r ia b le ( s )  for the  tre e  l a y e r  i s  a v a i la b le  w a te r  c a p a c i ty ,  for th e  shrub  

la y e r  is  p o te n t ia l  so la r  beam  i r r a d ia t io n , and for th e  herb la y e r  are



TABLE 9

MULTIPLE REGRESSION EQUATIONS FOR PREDICTING PRESENCE-ABSENCE OF SELECTED SPECIES BY 
ENVIRONMENTAL PARAMETERS (LINEAR AND LOG TRANSFORMATIONS)

S p ec ies  R eg ress io n  eq ua tions

A Stratum

Acer nequndo Y = -
Betula paovrifera Y = 9
Fraxinus p en n sy lv an ica Y = -
Populus trem ulo ides Y = -
O uercus m acrocarpa Y = -

ft
Tilia am ericana

V

Y = 1;
Ulmus am ericana Y = 4

B^ Stratum

Corylus am ericana Y = -
C . cornu ta Y = 1
Prunus v irq in iana Y = .
Tilia am ericana Y = -

B  ̂Stratum

Corvlus cornuta Y = 1
Fraxinus p en n sy lv an ica Y = -:
Lonicera d io ica Y = .
Prunus v irq in iana Y = -
Rhus rad ican s Y =
Sym phoricarpos a lbus Y = -:

725Fe+logl .334AWC +log, Tc , ,530%OM +.241(R =.741)

,32 8 )

,784)
,014AWC-log.697°/£OM+.005A+.32 6

.2 11+1 o g . 883K+log. 739%OM- . 0 1 5 e le v .+ .317 (R= .537)

165 - lo g  1 .83  0M g+log2 . 166K+.415 (R=.5 67)
;. 125- . 03 6Mg+ . 02 7Zn- . 013PSBI+. 016 e le v .+ .  008A+.3 71 
'3 8+1 og .5 76P-log  . 774Zn+. 3 79 (R=. 645)
!58+ log l .  145C a+log .5  7 6 F e - lo g l  .2 00AWC+.3 69(R=.544)

666 )

02 9 - . 0 8 1K+ . 017Zn- . 0 10%s i+ c l  -  . 0 12PSBI+ . 019 e le v .+ . 02 0S+ . 005A+ 
2 04 (R=. 833)



TABLE 9 — C ontinued

S pec ies

C Stratum

Anemone c a n a d e n s is  
Aralia n u d icau l is

C arex  a s s in ib o in e n s is  
C.. p en n sy lv an ica  
(9. sp ren q e li i  
Galium aparine  
Galium b o rea le  
O ryzopsis  a sp e r ifo l ia  
Poa p ra te n s is  
Sm ilacina s te l la ta  
Thalictrum venulosum  
Viola p ap il ionacea  
V. p en n sy lv an ica  
V. ruqu losa

R eg ress io n  equations

Y = - 4 . 1 9 3 + .  0 0 9 C a+ . 088AWC- . 105%OM+ . 0 1 3 e l e v . -  . 02 6S+.334 (R= .703)
Y = - 4 . 7 3 8 + .  0 13P . - 0 0  l M n + . 043Zn- . 082AWC- . 072%OM+. 0 1 7 e l e v . -  . 005A+.2 14

(R= .915)
Y = -  . 0 7 9 - .1 1 3  K+. 03 0%si+cl+ . 032%OM+.486 (R= .696)
Y = - . 5 3 7 - . 0 18PSBI+ .015 e l e v .+  . 007A+ .334 (R=. 610).
Y = .40 0 - lo g  1 . 42 7K+log . 66 7Fe+. 003A+. 354 (R=. 65 8)
Y = 4 . 6 2 5 - log  . 3 68Fe+log . 94l%si+cl -  . 0 1 4 e l e v . -  022S -  . 002A+. 180 (R=. 884)
Y = - . 3 4 2 + .099Mg- . 157AWC+.077XOM+.342 (R=.678)
Y = 6 . 3 7 6 - l o g l . 086%OMlog5.2 98PSBI+. 02 l e l e v .+ . 009A+.3 77 (R= .63 7)
Y = 1 .559+ log l  . 3 9 3 M g - l o g l . 715% si+cl+ .419 (R=. 590)
Y = - 1 0 . 2 2 4 + l o g 2 . 078K-log . 734Zn+log4.3 14PSBI+.417 (R=. 606)
Y = -16 .132+log .795% O M +log6 .884PSBI+ .023S+.393  (R=.581)
Y = -5 . 4 2 W o g l . 023C a- log  .4 4 8 F e + . 0 1 5 e l e v . + . 004A+.405 (R=.641)
Y = - 8 . 0 9 3 + l o g l  .508% si+c l - log  .982AWC+log2 .880PSBI+.332 (R=.560)
Y = - 1 6 ,594+log . 905K+log7. 058PSBI+.405 (R= .593)

3AWC re p re se n ts  a v a i la b le  w a te r  c a p a c i ty  w ith in  roo ting  dep th

°%OM re p re se n ts  w eigh ted  av erag e  p e rcen tag e  o rgan ic  m a tte r  in  rooting  dep th  
0

PSBI re p re se n ts  p o ten tia l  so la r  beam  ir rad ia t io n  

S re p re se n ts  s lo p e  ang le  

A re p re se n ts  l in e a r  a s p e c t

% s i+ c l  r e p re se n ts  w eigh ted  av erag e  p e rcen tag e  s i l t+ c la y  w ith in  the  rooting  dep th
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FREQUENCY OF OCCURRENCE OF THE 14 INDEPENDENT VARIABLES 
RETAINED IN 47 MULTIPLE REGRESSIONS

TABLE 10

F requency  of o ccu rren ce

Rank (based Indep en d en t
on to ta l)  v a r ia b le  t r e e s  (7)a sh rubs  (22) he rbs  (18) Total

1 PSBI 3 9 6 18
2 AWC 4 7 5 16
3 E lev a tio n 3 5 7 15
4 L inear a s p e c t 2 5 7 14
5 Slope 1 5 6 12
5 K 2 4 6 12
7 Mg 3 5 2 10
7 Zn 1 7 2 10
9 %OM 3 0 6 9

10 Fe 3 2 3 8
11 % si+cl 0 1 5 6
11 Mn 1 4 1 6
13 P 1 2 2 5
14 Ca 1 1 2 4

a num bers in  p a re n th e s e s  in d ic a te  number of r e g re s s io n s  for th e
stra tum

e le v a t io n  and  l in e a r  a s p e c t .  The o v e ra l l  p a t te rn  b a se d  on the  to ta l  number 

of r e g re s s io n s  show s four n o n -n u tr ie n t  p a ram ete rs  o c cu r  m ost f req u e n t ly .  

These  in c lu d e  th re e  th a t  a re  e s s e n t i a l l y  to pograph ic  (po ten tia l so la r  beam  

i r r a d ia t io n ,  e le v a t io n ,  and l in e a r  a sp e c t )  and a v a i la b le  w a te r  c a p a c i ty  

w hich  is  a p h y s ic a l  p roperty  of s o i l . The n u tr ien t  v a r ia b le  m ost f req u e n t

ly  re ta in e d  by re g re s s io n  a n a ly s i s  w as  p o ta s s iu m .  Further a n a ly s i s  of the  

eq u a t io n s  show  p o ta ss iu m  a p p e a rs  w ith  a p o s i t iv e  r e g re s s io n  c o e f f ic ie n t  

in  75% of th e  r e g r e s s io n s .  On th e  o th e r  h a n d ,  m agnesium  and z inc  o ccu r
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l e s s  f req u en tly  th a n  p o ta ss iu m  and had  p o s i t iv e  s ig n s  in  40 and  50% of the  

r e g re s s io n s  c o e f f i c i e n t s ,  r e s p e c t iv e ly .  The f requen t o c cu r ren c e  of n e g a 

t iv e  r e g re s s io n  c o e f f ic ie n ts  for th e s e  two n u tr ien ts  m akes  th e i r  v a lu e  a s  

p red ic to rs  som ew hat q u e s t io n a b le  (see W aring  and M a jo r ,  1964). Based 

on th e s e  r e a s o n s , the  f i r s t  s ix  pa ram ete rs  (po ten tia l s o la r  beam  i r r a d ia 

t io n  th rough  p o ta ss iu m ) w ere  c o n s id e re d  to  be th e  m ost re l ia b le  in  p re 

d ic t in g  p r e s e n c e - a b s e n c e  for the  g r e a te s t  number of s p e c ie s  .

D is tr ib u t io n  of S p e c ie s  Along th e  G rad ien ts

Based on  th e  freq u en cy  of th e i r  s e le c t io n  by m u ltip le  r e g re s s io n  

a n a l y s i s , th e  s ix  env ironm enta l  p a ram ete rs  p o te n t ia l  s o la r  beam  i r r a d ia 

t io n ,  a v a i la b le  w a te r  c a p a c i ty ,  e le v a t io n ,  l in e a r  a s p e c t ,  s l o p e ,  and p o 

ta s s iu m  w ere  u se d  to  e s t a b l i s h  env ironm enta l  g r a d ie n t s .  The c h a r a c te r 

i s t i c s  of th e  s ix  g ra d ie n ts  a re  show n in  T ab les  11, 12, 13, 14, 15, and 

16. Each  g rad ien t  w as  sub d iv id ed  in to  f ive  groups and e ac h  of th e s e  

a s s ig n e d  an  in d ex  number a cco rd in g  to  i t s  p o s i t io n  a long  th e  g ra d ie n t .  

T h u s ,  th e  group w ith  th e  lo w e s t  v a lu e s  w as  a s s ig n e d  an  in d e x  number of 

one  and th o s e  w ith  th e  h ig h e s t  v a l u e s ,  an  in d ex  number of f iv e .  U sing  

g ra d ie n t  v a l u e s ,  an  a t tem p t w as m ade to  d iv id e  th e  40 s ta n d s  in to  five  

groups of e ig h t e a c h .  B ecau se  of a la c k  of na tu ra l  b re a k s  a t  t h e s e  p re c is e  

i n t e r v a l s ,  t h i s  w as  not a lw ay s  p o s s ib l e .

U sin g  co v e rag e  v a lu e s ,  e c o lo g ic a l  m o d a l i t ie s  of in d iv id u a l  s p e c 

ie s  w ere  e s ta b l i s h e d  a long  ap p ro p r ia te  g ra d ie n ts  a s  d e te rm ined  by m u lt i 

p le  re g re s s io n  a n a l y s i s .  E co lo g ica l  op tim um , ad o p ted  from W aring and
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TABLE 11

CHARACTERISTICS OF POTENTIAL-SOLAR-BEAM-
IRRADIATION GRADIENT (PSBI)

Group

Group lim its  of 
p o te n t ia l  so la r  
beam  ir rad ia t io n  
g ra d ie n t  (PSBI)

Average of 
th e  group

N o. s ta n d s  
in  th e  group

Average n o . 
of s p e c ie s  

in  th e  group

I 0 . 0 -  6 4 .0 5 8 .6 8 2 6 .8
II 6 4 .1 -  7 0 .0 6 6 .7 7 2 4 .6

III 7 0 .1 -  8 0 .0 76 .3 8 33 .4
IV 8 0 .1 -  9 0 .0 85 .3 9 2 1 . 6
V 9 0 .1 - 1 0 0 .0 9 4 .9 8 2 6 .8

TABLE 12

CHARACTERISTICS OF THE AVAILABLE 
WATER GRADIENT (AWC) rd

Group lim its  of
a v a i la b le  w a te r Average n o .
c a p a c i ty  (AWC) Average of N o. s ta n d s  of s p e c ie s

Group rd th e  group in th e  group in  th e  group

I 0 . 0 - 3 6 .0 3 0 .5 9 2 3 .6
II 3 6 .1 - 4 2 .0 3 9 .2 7 2 6 .0

III 4 2 .1 - 5 3 .0 4 9 .4 9 2 2 .9
IV 5 3 .1 - 6 3 .0 5 8 .5 7 2 8 .9
V 6 3 .1 - 1 0 0 . 0 8 0 .9 8 32 .4
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TABLE 13

CHARACTERISTICS OF THE ELEVATIONAL GRADIENT

Group

Group l im its  
of e le v a t io n  

g ra d ie n t
Average of 
th e  group

N o. s ta n d s  
in  th e  group

A verage n o . 
of s p e c ie s  
in th e  group

I 0 . 0 -  9 5 .0 9 3 . 6 7 19 .0
II 9 5 .1 -  9 6 .4 9 5 .8 9 3 1 .4

III 9 6 .5 -  9 7 .8 9 7 .1 6 3 0 .2
IV 9 7 .9 -  9 8 .7 9 8 .3 9 2 8 .2
V 9 8 .8 - 1 0 0 .0 9 9 .4 9 23 .3

CHARACTERISTICS

TABLE 14

OF THE LINEAR ASPECT GRADIENT

Group

Group lim its  of 
l in e a r  a s p e c t  

g ra d ie n t
A verage of 
th e  group

N o. s ta n d s  
in  th e  group

Average n o . 
of s p e c ie s  
in  th e  group

I 0 ,. 0 - 1 . 0 0 . 6 8 2 6 .5
II 1 ,. 1- 15 .0 14.3 6 25 .2

III 15 ,. 1 - 2 9 .0 2 8 .6 8 19 .8
IV 29., 1- 5 8 .0 5 0 .0 10 3 2 .6
V 58.. 1- 1 0 0 . 0 8 7 .5 8 2 7 .9
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TABLE 15

CHARACTERISTICS OF THE SLOPE INCLINATION GRADIENT

Group

Group lim its  
of s lo p e  
in c l in a t io n  

g rad ien t
Average of 
the  group

N o. s ta n d s  
in  th e  group

Average n o . 
of s p e c ie s  
in th e  group

I 0 . 0 -  2 9 .0 16.3 9 18 .7
II 2 9 . 1 -  4 1 .0 3 5 .0 9 2 7 .1

III 4 1 . 1 -  5 4 .0 4 8 .4 8 2 3 .6
IV 5 4 .1 -  7 9 .0 6 7 .7 6 3 0 .7
V 7 9 .1 - 1 0 0 .0 8 5 .9 8 33 .5

TABLE 16

CHARACTERISTICS OF THE AVAILABLE POTASSIUM GRADIENT (AN-K) rd

Group

Group lim its  of 
a v a i l a b le  p o t a s 
sium (AN-K) rd 

g ra d ie n t
Average of 
the  group

N o. s ta n d s  
in  th e  group

Average n o .  
of s p e c ie s  
in th e  group

I 0CD001o
•

o

3 1 .8 8 2 0 . 2
II 3 9 . 1 -  4 8 .0 4 3 .6 9 2 5 .9

III 4 8 . 1 -  5 8 .0 5 2 .9 8 2 6 .8
IV 5 8 . 1 -  7 3 .0 6 6 .7 8 2 8 .6
V 7 3 .1 - 1 0 0 .0 86 .5 7 32 .3
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M ajor (1964), i s  th e  p o in t a t  w h ich  maximum p o pu la tion  d e n s i ty  o ccu rs  

a long  a s e le c te d  g ra d ie n t .  The s t re n g th  in  th is  m ethod of s e le c t io n  is  

th a t  e a c h  g ra d ie n t  i s  known to  co n tr ib u te  a s ig n if ic a n t  in d ep en d e n t  portion  

of th e  v a r ia t io n  a s s o c ia te d  w ith  e a c h  s p e c ie s  .

From a number of p o te n t ia l  s p e c ie s  th a t  cou ld  be  u se d  for i l l u s t r a 

t iv e  p u rp o s e s ,  a s  many a s  p o s s ib le  w ith  unim odal d is t r ib u t io n  a long  each  

g ra d ie n t  w ere  s e le c te d  in  th e  b e l ie f  th a t  t h e s e  were re sp o n d in g  more 

s tro n g ly  to  th e  g ra d ie n t  th a n  th o s e  show ing d i s t in c t  b im odal d is t r ib u t io n s  . 

This is  a n o th e r  c h e c k  to  en su re  th e  s e le c t io n  of th e  ap p ro p r ia te  g ra d ie n ts  

r e s p o n s ib le  for th e  d is t r ib u t io n  of th e  s p e c i e s .  It shou ld  n o t ,  h o w ev er ,  

be  c o n s tru ed  th a t  o th e r  g ra d ie n ts  do not come in to  p la y ,  bu t on ly  th a t  

som e v a r ia b le s  may hav e  an  overrid ing  in f lu en c e  o v e r  o th e rs  for a p a r t i c 

u la r  s p e c ie s  in  a g iv en  s p a c e  a t  a p a r t ic u la r  t im e .  Furtherm ore , by p lo t 

t in g  th e  a c tu a l  c o v e rag e  v a lu e s  ra th e r  th a n  p r e s e n c e - a b s e n c e ,  a s  u se d  

for m u lt ip le  r e g re s s io n  a n a l y s i s ,  a more r e a l i s t i c  and m eaningfu l p a t te rn  

e m e r g e s .

Based on co v e rag e  v a l u e s ,  th e  d is t r ib u t io n  of s e le c te d  s p e c ie s  

a long  the  g ra d ie n ts  a re  i l lu s t r a te d  in  F igures  19, 2 0 ,  2 1 ,  22 , 23 , and 24 . 

T hese  d iag ram s should  p rov ide  some a u te c o lo g ic a l  in form ation  on e c o lo g i 

c a l  m oda lity  and am plitude  for e a c h  s p e c ie s  . E xam ination  of th e s e  d i a 

gram s re v e a ls  some s p e c ie s  hav e  a w id e ,  and o th e rs  a narrow  am plitude  

a long  a p a r t ic u la r  g ra d ie n t .  In a d d i t io n ,  e c o lo g ic a l  op tim a vary  c o n s id e r 

a b ly .  An exam ple  of th is  i s  th e  d is t r ib u t io n  of Galium ap a r in e  and Prunus

v irg in ian a  a long  theAW C g ra d ie n t  (Figure 2 0 ) .  Galium a p a r i n e . r e s t r ic te d
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Betula papvrife ra  (A)
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PSBI, %

F ig .  1 9 .— D is tr ib u t io n  of s e le c te d  s p e c ie s  a long  th e  p o ten tia l
s o la r  beam  ir rad ia t io n  (PSBI) g ra d ie n t .
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1 0 0 P 1 0 0
Populus trem u lo id e s  (A) Betula papyrife ra  (A)
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60 60
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\
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0 _

GroujD I

20 40 60 80 100

(AWC)rd, %

20 40 60 80 1 0 0

F ig .  2 0 . — D is tr ib u t io n  of s e le c te d  s p e c ie s  a long  th e  a v a i la b le
w a te r  c a p a c i ty  (AWC)rd g ra d ie n t .
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F ig .  2 1 - —D is tr ib u t io n  of s e le c te d  s p e c ie s  a long  th e  e le v a t io n
g r a d i e n t .



P
er

ce
nt

ag
e 

re
la

ti
ve

 c
ov

er
ag

e
87

L inear a s p e c t , %

F ig .  2 2 . — D is tr ib u t io n  of s e le c te d  s p e c ie s  a long  th e  l in e a r
a s p e c t  g ra d ie n t .
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20 40 60 80 100 20 40 60 80 100

F ig .  23 • —D is tr ib u t io n  of s e le c te d  s p e c ie s  a long  th e  s lo p e
g r a d i e n t .
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F ig .  2 4 . — D is tr ib u t io n  of s e le c te d  s p e c ie s  a lo n g  th e  p o ta ss iu m
(AN-K)rd g ra d ie n t .
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a lm o s t  e n t i re ly  to  th e  f lo o d p la in ,  h a s  a narrow  e c o lo g ic a l  am p litude  and 

low  e c o lo g ic a l  optimum of 2 9 . 5 .  Prunus v i r g i n i a n a , r e s t r i c te d  to  th e  

s l o p e s , h a s  a w ide  am plitude  a long  th is  g rad ie n t  and h a s  a h ig h e r  eco log  

ic a l  optimum of 4 9 . 5 .

D is t r ib u t io n  of Community Types 
Along th e  G rad ien t

The s ix  env ironm enta l v a r ia b le s  u se d  for i l lu s t r a t in g  s p e c ie s  d i s 

tr ib u t io n  a long  env ironm enta l  g ra d ie n ts  w ere  a l s o  u se d  to  e v a lu a te  d i s 

t r ib u tio n  of com m unity  t y p e s .  This invo lved  two b a s ic  a s s u m p t io n s .  

F i r s t ,  it  w as re a so n e d  th a t  i f  t h e s e  were th e  s ix  g ra d ie n ts  th a t  were 

s e le c te d  m ost f req u en tly  by re g re s s io n  a n a ly s i s  for in d iv id u a l  s p e c ie s  , 

th e y  shou ld  a l s o  g ive  d i s t in g u is h a b le  p a t te rn s  of com m unity  type  d is t r ib u  

t io n .  S eco n d ly ,  th e  s ix  g ra d ie n ts  cou ld  be u sed  to  group s ta n d s  in  a 

s im ila r  p a t te rn  to  th a t  o b ta in ed  by s ta n d  o rd in a t io n .  In s h o r t ,  th e  q u e s 

t io n  to  be  a sk e d  i s , c a n  th e  com m unity ty p e  be  e x tra p o la ted  from th o s e  

env ironm enta l p a ram ete rs  judged  to  p lay  an  im portan t ro le  in  s p e c ie s  

d is t r ib u t io n  ?

To e v a lu a te  the  f i r s t  a s s u m p t io n ,  p lo ts  of th e  a b u n d an ce  of com 

m unity  ty p e s  a long  e a c h  g rad ien t  (based on in d ex  v a lu e s )  w ere  m a d e .  

F igures  2 5 ,  2 6 ,  2 7 ,  2 8 ,  29 ,  and 3 0 show  th e s e  d is t r ib u t io n  p a t t e r n s .  

A lthough com m unity  ty p e s  1 and 2 do not show  a p eak  a t  th e  sam e p o i n t s , 

th e y  c lo s e ly  p a ra l le l  e ac h  o th e r  a long  a l l  g r a d ie n ts .  This i s  c o n s i s t e n t  

w ith  th e  fa c t  th a t  th e  v e g e ta t io n  is  s im ila r  in th e s e  two ty p e s  . W hen 

p lo t te d  a g a in s t  a l l  g r a d i e n t s , com m unity ty p e  5 (floodplain) h a s  a
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F ig .  25 . — Frequency  of o ccu r ren c e  of com m unity  ty p e s  a long  th e  
p o te n t ia l  so la r  beam  i r rad ia t io n  (PSBI) g ra d ie n t .  Index  numbers co rrespond  
to  groups (I to  V) for th e  g r a d i e n t .

F ig .  2 6 . — F requency  of o c cu r ren c e  of com m unity ty p e s  a long  th e
e le v a t io n  g ra d ie n t .
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F ig .  2 7 . — F requency  of o c cu r ren c e  of com m unity ty p e s  a long  th e  
p o ta ss iu m  (AN-K)rd g ra d ie n t .

F ig .  2 8 . — F requency  of o ccu r ren c e  of com m unity  ty p e s  a long  th e
a v a i la b le  w a te r  c a p a c i ty  (AWC)rd g ra d ie n t .
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F ig .  2 9 . — F requency  of o c cu r ren c e  of com m unity  ty p e s  a long  th e  
l in e a r  a s p e c t  g ra d ie n t .

F ig .  3 0 . — F requency  of o c cu r ren c e  of com m unity  ty p e s  a lo n g  th e
s lo p e  g ra d ie n t .
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97

d is t in c t iv e  unim odal d is t r ib u t io n  th a t  s e t s  i t  ap a r t  from a ll  o the r  ty p e s  . 

This i s  a r e f le c t io n  of th e  c o n t r a s t  in  env ironm enta l c h a r a c te r i s t i c s  and 

v e g e ta t io n  co m p o s i t io n  b e tw ee n  th e  f lo o d p la in  and th e  s l o p e s . W hile  not 

a s  p ronounced  a s  th a t  of ty p e  5 , th e  d is t r ib u t io n  p a t te rn  for com m unity 

ty p e s  3 and 4 c le a r ly  s e p a ra te s  e a c h  of t h e s e  two ty p e s  from a l l  o th e r s ,  

p a r t ic u la r ly  a long  th e  p o te n t ia l  s o la r  beam  i r r a d ia t io n ,  e le v a t io n ,  and 

a v a i la b le  w a te r  c a p a c i ty  g ra d ie n ts  . S im ilar to  ty p e s  1 and 2 , t h e s e  two 

tend  to  p a ra l le l  one  a n o th e r  a long  s e v e ra l  g r a d i e n t s . Out of th e  s ix  

g r a d ie n t s ,  tw o of th em , p o te n t ia l  s o la r  beam  ir rad ia t io n  and e le v a t io n ,  

show  d is t r ib u t io n s  w hich  more th a n  th e  o t h e r s , c le a r ly  d is t in g u is h  th e  

com m unity ty p e s  from one  a n o th e r .

To e v a lu a te  th e  second  a s s u m p t io n ,  b iv a r ia te  p lo ts  of a l l  p o s s ib le  

co m b in a tio n s  for th e  s ix  s e le c te d  env ironm enta l g ra d ie n ts  w ere  m a d e .

From t h e s e ,  s e v e ra l  b iv a r ia te  co m b in a tio n s  w ere s e le c te d  (Figures 31 ,

32 , 33, and 34 ) ,  w hich  show ed p a t te rn s  of com m unity  type  d is t r ib u t io n  

re sem b lin g  th o s e  o b ta in ed  by s tan d  o rd in a t io n .  All bu t one of t h e s e  

co m b in a tio n s  s e le c te d  c o n ta in s  th e  p o te n t ia l  so la r  beam  ir rad ia t io n  

g ra d ie n t .  The e x ce p t io n  in v o lv e s  the  b iv a r ia te  com bina tion  of e le v a t io n  

and l in e a r  a s p e c t .  This com bina tion  (Figure 33) d o e s  not c le a r ly  d i s t i n 

g u ish  com m unity  type  1 from th e  o t h e r s . The o th e r  four ty p e s  s e p a ra te  

from e a c h  o th e r .  The p a tte rn  th a t  em erges  from t h e s e  four in d ic a te s  th a t  

s ta n d s  of th e  sam e com m unity ty p e  found a t  h ig h e r  e le v a t io n s  on more 

n o r th - fa c in g  s lo p e s  a re  r e s t r i c te d  to  low er e le v a t io n s  on more s o u th 

fac in g  s lo p e s  .
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F ig .  3 1 . — P o sit io n  of p lo ts  in  a b iv a r ia te  com bina tion  of a v a i la b le  
w a te r  c a p a c i ty  (AWC)rd and p o te n t ia l  s o la r  beam  i r rad ia t io n  (PSBI) 
g r a d i e n t s .

F ig .  32 . — P o sit io n  of p lo ts  in  a b iv a r ia te  com bina tion  of e le v a t io n  
and p o te n t ia l  s o la r  beam  i r r a d ia t io n  (PSBI) g r a d ie n t s .
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F ig .  33 . — P o s it io n  o f  p lo ts  in  a b iv a r ia te  co m bina tion  of e le v a t io n  
and l in e a r  a s p e c t  g ra d ie n ts  .

F ig .  3 4 . — P o sit io n  of p lo ts  in  a b iv a r ia te  com bina tion  of p o ta ss iu m
(AN-K)rd and p o te n t ia l  s o la r  beam  ir r ad ia t io n  (PSBI) g r a d ie n ts .
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P o ten tia l  s o la r  beam  ir r ad ia t io n  a lo n e  s ta n d s  out a s  th e  m ost 

e f fec t iv e  g rad ie n t  in  grouping s ta n d s  in to  com m unity  ty p e s  th a t  b e s t  a p 

prox im ate  th o s e  o b ta in ed  by o rd in a t io n .  Among th e  b iv a r ia te  co m b in a tio n s  

in c lu d in g  p o te n t ia l  so la r  beam  i r r a d ia t io n ,  th o s e  w ith  a v a i la b le  w a ter  

c a p a c i ty ,  p o ta s s iu m ,  and e le v a t io n  a re  m ost e f fe c t iv e  in  grouping  s ta n d s  

in  p a t te rn s  s im ila r  to  th o s e  o b ta in ed  by o rd in a t io n .

The p o s i t io n  of th e  com m unity ty p e s  r e la t iv e  to  e a c h  o th e r  a s  

o b ta in ed  by m eans of th e s e  b iv a r ia te  co m b in a tio n s  is  s im ila r  to  th o s e  

o b ta in e d  by  o rd in a tio n  p ro ced u res  . In bo th  m ethods , com m unity ty p e s  1 

and 4 a re  s e p a ra te d  by  ty p e s  2 and  3 . S im ilar to  g roup ings  by  o rd in a t io n ,  

th e  b iv a r ia te  co m b in a tio n s  p roduced  t ig h t ly  c lu s te re d  g roup ings  of com 

m unity  ty p e  5 ,  c le a r ly  s e t  a p a r t  from th e  o th e r  t y p e s . I t  m ust how ever be 

po in ted  o u t ,  th a t  none of th e  f i r s t  four com m unity  ty p e s  is  d i s c r e t e .

Abrupt sh if ts  in  ty p e s  of com m unities  a re  la c k in g ;  th e re  i s  a g radua l b le n d 

ing  of one  type  in to  an o th e r  w ith  poorly  d e f in ed  b o u n d a r ie s  .



RAINFALL AND LITTER COLLECTIONS

In M ay , 1971, th re e  p lo ts  w ere  s e le c te d  for a d e ta i le d  s tu d y  on 

n u tr ien t  inpu t by  l i t t e r f a l l , th ro u g h fa l l ,  and s tem flo w . T hese  p lo ts  were 

s e le c te d  b e c a u s e  e a c h  re p re se n te d  dom inance  by one  of th e  th re e  m ajor 

t re e  s p e c ie s  w ith  th e  h ig h e s t  im portance  v a l u e s .  T hese  p lo t s ,  re fe rred  

to  h e re a f te r  by  th e i r  p lo t  numbers 1, 14 , and 23 , a re  dom ina ted  by bur

o a k ,  g re e n  a s h ,  and American b a s s w o o d ,  r e s p e c t iv e ly .

2
On M ay 18, 1971, four 1-m l i t t e r  t ra p s  (Figure 35) w ere  p la c e d ,  

one in  e a c h  s u b p lo t , in e a c h  of th e  th re e  p l o t s . The l i t t e r  t ra p s  were 

c o n s t ru c te d  of 1 -mm nylon  m esh  and su sp e n d e d  from w ooden fram es s e t  

2 0 to  2 5 cm above  th e  g round . W eigh ts  w ere  p la ce d  in  th e  bottom of e ach  

t ra p  to  p reven t lo s s  of l i t t e r  by wind a c t i o n .  L itte r  w as  f i r s t  c o l le c te d  

from th e s e  t ra p s  on June 15 and on th e  15th of e a c h  month th e re a f te r  

th rough  O c to b e r .  M a te r ia l  from e ac h  l i t t e r  t ra p  w as  d iv id ed  in to  woody 

(bark, tw ig s ,  and  b ran ch es )  and nonwoody ( le a v e s ,  f loral p a r t s ,  and  

fru its)  po rtions  and e ac h  s to red  in  s e p a ra te  p ap e r  b a g s .

Throughfall (rain w a te r  fa l l in g  th rough th e  canopy) w as  c o l le c te d  

u n d e r  one t r e e  s e le c te d  to  r e p re se n t  th e  dom inant s p e c ie s  in e a c h  of th e  

th re e  s t a n d s .  C o l le c t in g  v e s s e l s  c o n s i s te d  of a F o re s te r  ra in  g au g e  and 

two p l a s t i c  c o n ta in e rs  p la c e d  a t  random under  th e  c an o p y  of e ac h  of th e  

th re e  t r e e s .  The open in g s  of th e  c o l le c t in g  v e s s e l s  w ere  25 cm above
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F ig . 35 —L itte r tra p s  under T ilia  am ericana  (plot 23).
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ground s u r f a c e .  G ross  ra in  w as  c o l le c te d  in  an  id e n t ic a l  s e t  of c o l l e c t 

ing v e s s e l s  p la c e d  in  an  open  p ra ir ie  s i t e  (plot 0 0 ) a t  a d i s t a n c e  of abou t 

40 m from th e  c l o s e s t  edge  of th e  f o r e s t .  All c o l le c t in g  v e s s e l s  w ere  

cov ered  w ith  1 -mm nylon  m esh  to  p rev en t  c o l le c t io n  of p a r t ic le s  g re a te r  

th a n  th e  m esh  s i z e .  As th e  v e s s e l s  were  le f t  out b e tw ee n  p eriods  of r a in 

f a l l ,  d ry fa ll  (dust) w as in c luded  in a l l  c o l l e c t i o n s .  N u trien t inpu t is  

b a se d  on w e tfa l l  p lu s  d r y f a l l , a more r e a l i s t i c  ap p ro ach  in  a reg ion  

known for c o n s id e ra b le  wind e ro s io n .

Stemflow w as  c o l le c te d  by  m eans  of p o ly u re th an e  foam g ird le s  

(Likens and E a to n , 1970) in s ta l le d  M ay 2 7 ,  1971, around th e  tru n k s  of 

th e  sam e t r e e s  u se d  for th roughfa ll  c o l le c t io n  (Figure 3 6 . ) .  The p o ly u re 

th a n e  foam is  so ld  for u s e  in  in s u la t io n  of b u ild in g s  . The foam works 

b e s t  when ap p lied  a t  a tem p e ra tu re  of abou t 75° F .  In th i s  s tu d y  th e  foam 

for th e  g ird le  on th e  bur oak (plot 1 ) w as ap p l ie d  w hen th e  a ir  tem p era tu re  

w as c o n s id e ra b ly  c o o le r  and a s  a r e s u l t  d id n ' t  expand  p ro p e r ly ,  c a u s in g  

som e le a k a g e  down th e  furrows of th e  b a rk .  The o th e r  tw o ,  ap p lied  when 

th e  a i r  tem p era tu re  w as abou t 70° F , expanded  w ell and show ed l i t t l e  

l e a k a g e .

The g ird le s  w ere  p u rp o se ly  t i l te d  w hen in s ta l le d  so th a t  w a te r  

would d ra in  to  one  s i d e .  W ate r  w as  c h a n n e le d  from th e  g ird le  to a 2 -  

l i t e r  c o l le c t in g  b o t t le  a t  ground le v e l  by m eans  of a funnel covered  w ith  

1-mm m esh  and tygon  tu b in g .  All c o l le c t in g  v e s s e l s  w ere  em ptied a f te r  

e a c h  r a in f a l l ,  bu t n ev e r  more th an  on ce  in  a c a le n d a r  d a y ,  from the  M ay 

2 7 in s t a l l a t io n  th rough  O ctober  15. The am ount of w a te r  in  th e  ra in
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F ig . 3 6 .— Polyurethane foam c o lle c tin g  g ird le  on th e  trunk of 
Q uercus m acrocarpa (plot 1).
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g a u g es  w as  read  d i re c t ly  on a m easu rin g  g u ag e  and  th e  volum e of w a te r  

in  th e  p la s t i c  v e s s e l s  m easu red  w ith  a 100-ml g rad u a ted  c y l in d e r .  Each 

p la s t i c  v e s s e l  w as  c a l ib ra te d  em p ir ic a l ly  so  th a t  th e  volum e of w a te r  

cou ld  be  c o n v er ted  d i re c t ly  in to  c e n t im e te rs  of r a i n f a l l . W hen la rg e r  

am oun ts  of w a te r  were  c o l l e c t e d ,  p h osphorus  and  su lfa te  w ere  de te rm ined  

im m ed ia te ly  a f te r  c o l le c t io n  and th e  rem ain ing  w a te r  s am p les  were f ro z e n .

The d ia m e te r  of th e  long  and  short  a x is  of th e  c an o p y  of e a c h  tre e  

u sed  for s tem flow  s tu d y  w as  de te rm ined  and u s e d  to  c a lc u la te  th e  a rea  of 

th e  c a n o p y .  Following th e  su g g e s t io n  of Peek  (1970) th a t  th e  na tu ra l  

sh a p e  of th e  can o p y  i s  more l ik e  an  e l l ip s e  th a n  a c i r c l e ,  th e  fo llow ing 

formula w as  u sed :

a rea  = (p i /4 )d 1d^

1 2w here d and d eq u a l  th e  d ia m e te r  of th e  long  and  sh o rt  a x i s .  

D e te rm in a t io n  of th e  a rea  of th e  t re e  c an o p y  w as n e c e s s a r y  to  c a lc u la te  

in te rc e p t io n  of ra in fa l l  and to ta l  inpu t of n u tr ien ts  from th roughfa ll  and 

s tem flow  on a per u n it  a rea  b a s i s  .

A n a ly s is  of ra in  w a te r  for su l fa te  and to ta l  p h o sp h a te  w as  done 

im m ed ia te ly  a f te r  c o l le c t io n  a cco rd in g  to  p ro ced u res  of th e  H ach  C hem ica l 

C om pany , A m es, Io w a . Rain w a te r  s am p les  w hich  had b e en  frozen  w ere 

thaw ed  and  a n a ly z e d  for c a lc iu m , m ag n es iu m , p o ta s s iu m ,  and sodium 

le v e l s  by a tom ic  ab so rp t io n  sp ec tro p h o to m etry .  E lec tr ic a l  c o n d u c t iv i ty  

and  pH w ere  m easu red  on th e  sam e a p p a ra tu s  p re v io u s ly  d e sc r ib e d  for

so il  a n a l y s i s .
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The am ount of g ro s s  ra in fa l l  and th roughfa ll  o b ta in ed  in  cu b ic  

c e n t im e te rs  and th e  c o n c e n tra t io n  of the  ch em ica l  e lem en ts  c a lc iu m , 

m ag n es iu m , p o ta s s iu m ,  so d iu m , phosphorus  and s u lfa te  in  p a r ts  per 

m ill ion  were u se d  to  c a lc u la te  c h em ica l  e lem en t inpu t in gram s per 

sq u a re  m e te r .  The s tem flow  v a lu e s  w ere e q u a ted  w ith  g ro s s  ra in fa l l  and 

th roughfa ll  on a c an o p y  a rea  b a s i s . The in p u t of c h em ica l  e lem en ts  w as 

f i r s t  d e te rm ined  a s  grams per  c an o p y  a r e a .  Approximated can o p y  a re a s  in 

sq u are  m ete rs  w ere  u se d  to  a d ju s t  t h e s e  v a lu e s  to  n u tr ien t  inpu t in  grams 

per sq u a re  m e te r .  B ecause  th e re  w as  in s u f f ic ie n t  w a te r  to  m easu re  p h o s 

phorus and su lfa te  for a l l  r a in f a l l s ,  t h e s e  v a lu e s  a re  not com parab le  to  

th e  o th e r  ra in fa l l  d a t a .  T here fo re , th e s e  n u tr ien t  v a lu e s  w ere  a d ju s te d  

p ro p o r t io n a te ly  to  approx im ate  le v e l s  p re s e n t  in th e  sam e am ount of r a in 

fa l l  or s tem flow  from w hich  th e  c a t io n s  w ere  m e a su re d .

Sam ples  c o l le c te d  from l i t t e r  t ra p s  were o v e n -d r ie d  a t  80° C for 

24 hours  and ground in to  a f ine  pow der w ith  a W aring  b le n d e r .  Before 

g r in d in g ,  th o s e  l i t t e r  sam p le s  th a t  c o n ta in ed  s e e d s  and woody m a te r ia l  

were f i r s t  m ace ra ted  w ith  a m ortar and  p e s t l e . All m a te r ia l  w as  ground to 

p a s s  th rough  a 1-mm sieve. Ground sam p les  w ere  s to red  in g l a s s  v ia ls  

w ith  p o ly - s e a l  t o p s .

A dry a sh in g  p ro c e d u re ,  m odified  from Perk in-E lm er (1971) and 

W a l i ,  e t  a l -  (1972), w as  em ployed to  d e te rm ine  n u tr ien t  l e v e l s  in  the  

ground p la n t  m a te r ia l .  Sam ples w eigh ing  1 .0 0 + 0 .0 5  g w ere  p la ce d  in  

p o rc e la in  c ru c ib le s  and a sh e d  in  a muffle fu rnace  a t  4 7 5 -5 0 0 °  C for 2 to

4 h o u r s .  The w e ig h ts  of th e  c o o le d ,  a sh e d  sam p les  w ere  u se d  to  c a lc u la te
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p e rc e n ta g e  a s h  c o n te n t .  The a s h  w as  d i s s o lv e d  in  10 ml of warm 5 normal 

HC1 and mixed w ith  a g l a s s  s t ir r in g  ro d .  This so lu t io n  w as  p laced  in  a 

50 ml vo lum etric  f la s k  and brought to  volum e w ith  d oub le  d i s t i l l e d  w a te r .  

The so lu t io n  w as  th e n  f i l te red  th rough  W hatm an #3 f i l te r  p a p e r .  The 

f i l t r a te  w as  u s e d  to  de te rm ine  th e  m ajor c a t i o n s ,  c a lc iu m , m ag n es iu m , 

p o ta s s iu m ,  and  sod ium , and the  t r a c e  e le m e n ts ,  s tro n t iu m , m a n g a n e s e ,  

z in c ,  i ro n ,  c o p p er  and aluminum by a tom ic ab so rp t io n  sp ec tro p h o to m etry .  

P hosphorous w as  de te rm ined  from th e  sam e f i l t ra te  by  th e  vanadom olybdo- 

p h osphoric  y e llo w  co lo r  m ethod (Jackson , 1958).

The w e ig h ts  of th e  w oody and  nonwoody l i t t e r  c o l le c te d  from e ac h  

l i t t e r  t rap  and th e i r  r e s p e c t iv e  ch em ica l  e lem en t n u tr ien t  l e v e l s  w ere  u sed  

to  c a lc u la te  n u tr ien t  in p u t in  gram s per m ete r  s q u a r e .  Values from th e  four 

l i t t e r  t ra p s  in  e a c h  p lo t w ere  c a lc u la te d  s e p a r a te ly ,  a v e ra g e d ,  and sum 

med to  g ive  s e a s o n a l  to ta l s  . In some c a s e s  th e re  w as  in s u f f ic ie n t  woody 

l i t t e r  to  run four s e p a ra te  a n a ly s e s  . T here fo re , th e  sam p les  from th e  four 

t ra p s  w ere  p o o le d .



RESULTS: RAINFALL AND LITTER PRODUCTION

Input Through Rainfall

From M ay 18 to  O c tober  15, 1971, a to ta l  o f  30 in d iv id u a l  r a in 

fa l l s  w ere  r e c o rd e d .  S e a so n a l  to ta l s  of g ro s s  r a in f a l l ,  th ro u g h f a l l , and 

s tem flow  and th e i r  com bined  to ta l s  a re  g iv e n  in Table 17. Total g ro s s  

ra in fa l l  for th is  period  a s  m easu red  in  p lo t  0 0  on th e  open  p ra ir ie  (used 

a s  a co n tro l  s i te )  w as  3 5 1 .7  mm. The range  fo r ra in fa l l  (Table 18) w as 

from 0 .2  to  5 .8 9  cm . The am ounts  of th roughfa ll  for in d iv id u a l  r a in fa l ls  

c o l le c te d  u n d e r  c a n o p ie s  of th ree  t r e e  s p e c ie s  a re  show n in  Table  18 and 

am ount of s tem flow  in  Table  19.

TABLE 17

TOTAL SEASONAL NET RAINFALL UNDER QUERCUS.FRAXINUS . 
AND TILIA TREES AND PERCENTAGE INTERCEPTION OF GROSS

RAINFALL BY THESE SPECIES

Plot

N et ra in fa l l  in  mm

Throughfall+Stem flow a =Total
P e rcen tag e

in te rc e p t io n

0 0 (gross ra in fa ll) 3 5 1 .7
1 (Ouercus) 3 1 1 .7 0 .0 5  3 1 1 .7 11.4

14 (Fraxinus) 3 0 8 .1 0 .3 7  3 0 8 .4 12 .3
23 (Tilia) 2 4 8 .4 0 .3 2  2 4 8 .7 2 9 .3

a e x p re s s e d  a s  e q u iv a len t  ra in fa l l  d ep th
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TABLE 18

AMOUNT AND CHEMICAL PROPERTIES OF EACH RAINFALL COLLECTED IN A CONTROL PRAIRIE PLOT (P) AND 
UNDER QUERCUS (Q) , FRAXINUS (F), AND TILIA (T) CANOPIES, 1971

M ean M ean  sp e c if ic  ppm, m eans
C o llec t io n

d a te
Sample

type
ra in fa l l

(cm)
M ean

pH
co n d u c tiv i ty

(micromhos/cm) Ca Mg K Na P
S° 4

5-18 P 0 .51 5 .5 5 6 .9 3 .0 4 0 .61 1.33 9 .55 _ _ — _
5-18 Q 0.43 5 .5 84 .5 2 .24 0 .85 4 .0 8 13.75 - - - -
5 -18 F 0 .2 8 7 .0 155 .2 13 .80 2 .8 5 7 .55 14.85 — - -
5-18 T 0.23 6 .9 6 .9 0 .24 0 . 1 0 0 .1 6 0 . 2 0 — —

5-24 P 0 .9 9 5 .9 2 5 .9 0 .2 6 0 .1 7 0 .69 6 .05 — —
5-24 Q 0.79 6 .4 4 8 .3 2 . 1 2 0 .55 3 .1 6 8 .65 — - -
5-24 F 1.04 6 . 6 7 5 .6 5 .72 1.62 8 .65 1 1 . 1 0 — —
5-24 T 0.84 6 .4 7 5 .9 6 .2 8 1 .77 7 .9 9 1 . 0 2 — —

6 -  5 P 0 .7 9 6 . 0 6 3 .8 2 .8 9 0 .8 4 5 .2 8 6.05 — —
6 -  5 Q 0 . 6 6 6 . 1 96 .5 2 .9 2 1.39 14.55 9 .4 0 — —
6 -  5 F 0 .5 8 6 . 2 7 7 .6 2 . 8 6 1.32 9 .4 9 9 .0 0 — —
6 -  5 T 0 .71 6 . 6 3 0 1 .7 8 .3 0 0 .6 4 22 .45 1.62 — —

6 - 1 0 P 2 .8 7 5 .6 15 .5 0 .5 6 0 . 1 0 0 .5 9 5 .9 5 0 .0 6 8 . 0
6 - 1 0 Q 2.03 5 .8 3 1 .0 1.44 0 .5 0 4 .6 0 8 .75 0 .3 6 6 . 0
6 - 1 0 F 2 .49 6 . 1 36 .2 1 .98 0 . 6 8 5 .31 4 .6 0 0 .3 6 6 .5
6 - 1 0 T 2 .0 8 6 . 8 7 0 .7 2 .38 1 .51 10.73 6 .65 0 .8 7 6 . 0

6 - 1 1 P 0.33 8 . 1 155.2 15 .40 4 .4 5 1 . 8 8 1 0 . 2 0 — —

6 - 1 1 Q 0.13 7 .0 4 3 .1 3 .26 1 .24 4 .0 8 2 .0 5 — —
6 - 1 1 F 0.15 8 .3 172 .4 16 .10 5 .4 0 4 .0 8 5 .7 0 — - -
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TABLE 18— C ontinued

M ean M ean sp e c if ic  ppm, m eans
C o llec t io n

d a te
Sample
type

ra in fa ll
(cm)

M ean
pH

c o n d u c tiv i ty
(microm hos/cm) Ca Mg K Na P S° 4

6 - 1 1 T 0 .0 9 7.2 5 8 .6 4 .1 8 1 .47 6 .5 8 1.09 — - -

6-15 P 0 .3 8 6 .3 3 7 .9 2 .3 6 0 .64 0 .85 5 .55 — —

6-15 Q 0 .23 6 . 1 65 .5 3 .2 4 1.34 9 .45 7 .4 0 — —
6-15 F 0 .23 6 . 8 103 .4 5 .7 8 2 .6 5 10.25 8 .05 - - —

6-15 T 0 .1 8 7 .1 2 9 3 .1 9 .6 9 7 .60 43 .45 11.50 — —

6-16 P 1.73 6 .4 10.3 0 .6 0 0 . 2 0 1 .09 6 .50 0 .25 9 .0
6-16 Q 1 .70 6 .5 2 7 .6 1 .34 0 .4 0 4 .2 4 7 .10 0 .2 6 6 . 0
6-16 F 1.57 6.3 3 1 .0 2 .1 7 0 .55 2 .3 3 5 .4 5 0 .5 7 6 .5
6-16 T 1 .37 6 .7 6 9 .0 4 .4 8 1 .76 7.93 5 .7 5 0 .84 6 .5
6-19 P 0 . 2 2 6 .9 5 6 .9 3 .4 0 1.13 1 . 2 2 5 .7 0 — —
6-19 Q 0 .1 8 6 . 6 60 .3 3 .47 1 .38 7 .04 7 .3 0 — —
6-19 F 0.15 6 . 6 79.3 3 .9 9 1.56 6 .2 9 9 .5 0 — —
6-19 T 0.13 7 .0 2 2 4 .1 14.30 7 .05 3 2 .7 5 3 .1 5 — —

6 - 2 1 P 0 .9 7 5 .7 15 .5 0 .8 9 0 .1 8 0 .45 3 .6 5 — —
6 - 2 1 Q 0 .8 1 5 .8 2 0 .7 0 .94 0 .2 9 2 .9 1 8 . 0 0 — —
6 - 2 1 F 0 . 6 6 6 .3 2 5 .9 1 .48 0 .43 2 .7 7 5 .45 — —
6 - 2 1 T 0 .5 8 7 .0 62 .1 2 .9 6 1.45 8 .7 9 9 .05 — —

6-29 P 0 .9 7 5 .6 2 7 .6 1 . 0 1 0 .25 0 .64 4 .6 5 — —
6-2 9 Q 0 .9 1 5 .7 3 6 .2 1.71 0 .62 4 .9 5 5 .6 0 — - -
6-2 9 F 0 .81 6 . 6 79.3 4 .4 5 1.93 10.30 6.65 — —
6-29 T 0 .8 9 5 .8 4 3 .1 2 .43 0 .7 4 3 .9 1 6.65 — —
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TABLE 18— C ontinued

M ean M ean  sp e c if ic  ppm, m eans
C o llec t io n

d a te
Sample

type
ra in fa ll

(cm)
M ean
pH

co n d u c tiv i ty  
(micromhos/cm) Ca Mg K Na P

OCO

7- 3 P 0 .2 8 6 . 8 5 0 .0 4 .6 1 0 .7 1 1 . 8 8 6 .75 _____ _____

7- 3 Q 0 .51 6 . 6 5 1 .7 2 . 1 2 0 .7 6 7 .23 10 .30 — —

7- 3 F 0 .15 7 .0 8 1 .0 5 .0 9 1.93 6 .32 7 .25 — —

7- 3 T 0 . 1 0 7 .4 189 .7 14 .20 5 .7 0 15 .20 3 .8 0 — —

7- 7 P 1 .09 6 . 2 2 0 .7 0 .7 9 0 .1 9 0 .5 1 7.75 0 .1 6 6 .5
7- 7 Q 0 .9 1 6 . 0 3 2 .8 1 .56 0 .4 8 4 .8 7 6.35 0 .1 4 8 . 0
7- 7 F 0 .9 4 6 .4 3 1 .0 2 .42 0 .6 9 2 .5 2 5 .7 0 0 .14 7 .0
7- 7 T 0 .7 9 6 . 8 67.2 4 .1 6 1.89 7 .89 8 .55 0.25 8 .5
7-12 P 2 .0 6 6 . 1 1 2 . 1 0 .3 1 0 .0 7 0 .3 9 6 .6 0 0 .2 6 8 .5
7-12 Q 2 . 0 1 6 . 0 2 5 .9 0 .9 9 0 .32 3 .6 8 4 .4 0 0 .0 9 8 . 0
7-12 F 2 .0 3 6 . 2 2 4 .1 1.72 0 .53 1 . 8 8 3 .8 0 0 . 2 1 8 . 0
7-12 T 1.27 6 . 6 4 4 .8 2 .49 1 .08 5 .3 6 7.55 0 .26 7 .0
7-14 P 0 .7 1 6 .4 1 2 . 1 0 .4 7 0 . 1 1 0 .4 4 4 .4 5 0 . 1 1 6 . 0
7-14 Q 0 .7 1 6 . 2 19 .0 0 .7 6 0 . 2 1 2 .26 6 .7 0 0 .0 9 6.5
7-14 F 0 .5 8 6 .5 2 5 .9 1.55 0 .4 7 2 .0 8 5 .6 0 0.32 6 .5
7-14 T 0.53 6 .9 4 3 .1 2 .25 0 .7 9 5 .2 3 6 .5 0 0 .2 8 6 . 0

7-18 P 5 .8 9 5 .4 5 .2 0 .1 7 0.03 0 .1 5 2 .50 0 .25 6 .5
7-18 Q 5 .8 7 6 .3 10.3 0 .4 8 0 . 1 2 1.35 2 .2 5 0 .2 6 4 .5
7-18 F 5 .1 8 6.3 10.3 0 .3 7 0 .03 0 .7 4 6 . 1 0 0 . 2 1 7 .0
7-18 T 4 .0 9 6 .7 22 .4 1 .29 0 .4 1 2 .1 8 5 .7 0 0 . 2 1 7 .0
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TABLE 18— C ontinued

C o llec t io n
d a te

Sample
type

M ean
ra in fa ll

(cm)
M ean

pH

M ean  sp ec if ic  
co n d u c tiv i ty  

(micromho s /cm )

ppm, m eans

Ca Mg K Na P S° 4

7-20 P 0 .9 9 5 .7 8 . 6 0 . 1 0 0 . 0 2 0 .25 5 .25 — _  —

7-20 Q 0 .9 9 6 .3 12 . 1 0 .3 9 0 .0 9 1.59 5 .6 0 — - -
7-20 F 0 .91 6 .4 15 .5 0 .33 0 .0 7 1 . 2 0 6 .6 0 — - -
7-20 T 0 .6 9 7 .0 3 4 .5 1 .26 0 .41 4 .0 2 7 .2 0 — —

7-24 P 0 .84 6 .4 15 .5 0 .3 0 0 . 1 1 0 .51 5 .20 0 . 2 1 8 . 0
7-24 Q 0 .8 1 6 .4 17.2 0 .62 0 .1 6 2 .0 6 6 .5 0 0 .0 7 8 . 0
7-24 F 0.84 6 .5 2 0 .7 0 .9 8 0 .3 5 1 .57 6 .15 0 .23 7 .0
7-24 T 0.61 6 .7 55 .2 2 .3 9 0 . 8 8 6 .85 1 0 . 1 0 1.62 7 .0
7-2 7 P 0 .5 1 6 . 6 2 0 .7 0 .74 0 .2 4 0 .52 5 .4 5 — —

7-2 7 Q 0 .33 6 . 6 2 0 .7 0 .93 0 .3 8 3 .5 1 6 .9 0 — —
7-2 7 F 0 .33 6 .7 2 9 .3 1.32 0 .3 8 2 .7 4 5 .9 0 — —
7-27 T 0.23 7 .0 6 9 .0 2 .9 1 1 .50 10.19 8 .35 — —

7-29 P 0 .25 6 .3 6 .9 0 . 1 0 0 .0 6 0 .4 6 8 . 0 0 — —

7-29 Q 0 .23 6 .4 19 .0 0 .31 0 .13 2 .6 4 8 .4 0 — —
7-29 F 0 .1 8 6 . 8 22 .4 0 .4 6 0 .09 2 .35 5 .5 0 — —
7-29 T 0 . 2 0 7.2 53 .4 1 . 2 2 0 .3 8 8 .0 7 8 .05 — —

8-13 P 3 .4 0 6 .3 19.0 0 .63 0 . 2 1 0 .54 5 .5 0 0 .1 4 5 .0
8-13 Q 3 .00 6 .4 2 7 .6 1 .54 0 .4 8 3 .8 8 9 .0 0 0 . 1 2 5 .0
8-13 F 3 .2 5 6 .5 3 1 .0 2 .1 8 0 . 6 6 2 .34 7 .3 0 0 .2 6 4 .5
8-13 T 2 .57 6 .5 5 1 .7 2 .0 7 0 .82 6.82 10.45 0 .5 0 3 .5

8-17 P 0.53 6 .7 2 4 .1 0 .9 7 0.13 0 .9 7 7 .2 0 — —

8-17 Q 0.43 6 .3 4 6 .6 2 . 1 2 0 . 6 6 7 . 26 8.65 — —

114



TABLE 18— C ontinued

M ean  M ean  sp e c if ic  ppm, m eans
C o llec t io n

d a te
Sample
type

ra in fa ll
(cm)

M ean
pH

co n d u c tiv i ty
(micromhos/cm) Ca Mg K Na P S ° 4

8-17 F 0 .4 6 6 .7 3 7 .9 2 .0 4 0 . 6 8 3 .2 1 5 .4 5 __ _  _
8-17 T 0 .2 8 7 .4 65 .5 2 . 8 6 0.42 9 .13 7.75 — —

8-24 P 0 .7 4 6 . 8 3 2 .8 1.43 0 .35 0 .9 7 1.55 — —

8-24 Q 0 .69 6 . 1 55 .2 2 .54 0 .7 6 9 .33 9 .0 0 - - —
8-24 F 0 .74 6 .4 4 6 .6 2 .93 0 .7 6 2 .9 1 9 .05 — —

8-24 T 0 .4 9 7 .1 74 .1 3 .6 0 1.36 10.42 8 .75 — —

8-29 P 0 .71 6 .5 3 7 .9 1 .34 0 .35 1 .17 8 . 1 0 — —

8-29 Q 0 .53 5 .8 5 1 .7 2 .0 6 0 .6 9 6 . 0 1 7.55 — —

8-2 9 F 0 .6 9 6 .3 2 7 .6 2 .7 1 0 .7 7 3 .7 5 8 .6 0 — —

8-29 T 0 .4 8 6 . 1 103 .4 4 .1 9 1.42 12 .30 9 .25 — —

8-31 P 0 . 2 0 6.3 67.2 1 .56 0 .5 7 1.04 4 .2 5 — —
8-31 Q 0 .14 7 .1 120 .7 4 .1 7 1.72 9 .8 9 6 .30 — —
8-31 F 0 . 1 1 6.3 8 1 .0 2 .8 9 1.13 8 .52 8 .35 — —
8-31 T 0.15 6 .3 163.8 6 .93 2 .9 0 15.15 8 .5 0 — —

9- 3 P 0 .33 6 . 6 3 2 .8 0 .9 1 0 .3 0 0 . 6 6 4 .4 5 — —
9- 3 Q 0 .2 8 6 .4 103 .4 2 .7 1 1.15 10.82 9 .2 0
9- 3 F 0 .2 8 6 .5 6 9 .0 1.85 0 .73 8 .03 8.95 — —
9- 3 T 0 . 2 0 7 .4 172.4 4 .2 4 1.90 19.30 8.45 — —

9 - 5 P 2 . 0 1 6 . 2 12 . 1 0 .3 8 0 .13 0 .2 6 8 .3 0 0 .2 6 2 . 0
9 -  5 Q 1 .98 6 . 2 17.2 0 .9 0 0 .3 7 5 .0 1 5 .7 5 0 .1 7 2 . 0
9- 5 F 1 .98 6 . 2 4 6 .6 1 .40 0 .53 2 .9 7 8 . 1 0 0 .7 8 4 .5
9 - 5 T 1.55 6 .7 55 .2 1 .87 0 .7 9 6 .91 7 .95 1 . 1 0 3 .5
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TABLE 18— C ontinued

M ean  M ean  s p e c if ic  ppm, m eans
C o llec t io n

d a te
Sample
type

ra in fa l l
(cm)

M ean
pH

c o n d u c tiv i ty
(micromhos/cm) Ca Mg K Na P

S 0 4

9-16 P 0 .25 7 .0 36 .2 1.83 0 .5 3 1 .04 6.75 __ _. _ _
9-16 Q 0 . 2 0 6 .5 7 0 .7 2 .43 1 .19 9 .6 7 8 . 2 0 — —

9-16 F 0.13 6 . 6 1 1 2 . 1 5 .3 7 1 .76 12.05 9 .9 5 — —

9-16 T 0 .13 7 .5 198.3 5 .7 6 1.83 16.85 10 .30 — —

9-27 P 1.32 6 . 1 3 2 .8 0 .52 0 .2 6 0 .51 7 .75 0 .0 7 9 .0
9-27 Q 0 .9 9 5 .5 53 .4 2 .28 0 .85 5 .82 7 .25 0 .81 9 .0
9-27 F 1 . 1 2 5 .8 84 .5 2 .06 1 .04 11.80 7 .7 0 3 .0 2 7 .0
9-27 T 0 .7 9 6 .5 129.3 5 .7 8 2 .0 4 15.55 7 .70 3 .1 6 8 .5
9-30 P 0 .4 8 5 .1 3 1 .0 1 .07 0 .3 1 0 .3 9 8 . 1 0 — —

9-30 Q 0 .3 8 6 . 0 5 1 .7 2 .0 9 0 .7 9 5 .9 2 8 .75 — —

9-30 F 0 .3 8 5 .6 4 8 .3 1.53 0 .63 4 .9 2 7 .4 0 — —

9-30 T 0 .3 8 6 .4 103 .4 4 .1 5 1.64 14 .20 4 .6 5 — —

10- 3 P 2 .8 2 5 .5 10.3 0 .1 4 0 . 0 2 0 .2 6 7 .25 0 .0 6 5 .0
10- 3 Q 2 .6 7 6 . 1 2 9 .3 0 .61 0 .2 5 4 .5 7 7 .25 0 .0 6 5 .0
10- 3 F 2 .57 6 .3 2 4 .1 1 .14 0 . 2 2 1 .97 7 .05 0 .4 4 7 .0
10- 3 T 2 . 2 1 6 .4 2 5 .9 0 .72 0 .0 9 3 .55 6 .9 0 0 .7 6 5 .0
m eans P 1 .17 6 . 2 3 1 .8 1 .61 0 .4 4 0 .90 6 .1 7 0 .1 6 6 .7
m eans Q 1.04 6 . 2 4 5 .0 1 .79 0 .6 7 5 .5 4 7.42 0 .2 7 6 . 2
m eans F 1.03 6 .5 5 6 .8 3 .26 1 .08 5 .0 3 7 .3 6 0 .5 9 6 .4
m eans T 0.83 6 . 8 9 7 .6 4 .2 9 1.75 10.33 6 .7 7 0 . 8 6 6 . 2
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TABLE 19

AMOUNT AND CHEMICAL PROPERTIES OF STEMFLOW FOR EACH RAINFALL COLLECTED FROM THE TRUNKS OF
QUERCUS (Q) , FRAXINUS (F), AND TELIA (T), 1971 2

S pec if ic  ppm
C o llec t io n  Sample Stemflow c o n d u c t iv i ty  -------------------------------------

d a te type (ml) pH (micromhos/cm) Ca Mg K Na P

5-24 Q 12 5 .7 3 6 2 .1 34 .40 1 0 . 1 0 3 7 .65 4 .2 0 —

6 -  5 Q 11 7.3 2 7 5 .9 14 .50 6 .15 45 .50 6 .5 0 —

6 -  5 F 242 6 . 6 155 .2 15 .70 3 .9 5 2 3 .7 5 8 . 2 0 —

6 -  5 T 471 6 .5 2 7 5 .9 3 0 .45 6 . 1 0 3 4 .75 7 .5 0 —

6 - 1 0 0 68 6 . 8 3 1 0 .3 2 4 .15 6 .6 0 2 6 .6 5 7 .85 - -

6 - 1 0 F 1601 6 . 6 1 1 2 . 1 13.80 3 .30 2 0 .2 5 9 .3 0 1.45
6 - 1 0 T 231 6.5 3 9 6 .6 3 8 .9 0 1 0 . 1 0 4 1 .4 0 2 . 2 0 —

6-16 Q 78 7.2 137.9 13.15 3 .1 0 16.05 5 .9 5 2 .50
6-16 F 718 6 . 8 84 .5 6 .32 1 . 6 6 13 .40 5 .6 5 2 .1 4
6-16 T 301 7 .2 13 7 .9 13.15 3 .1 0 16.05 5 .9 5 2 .51

6 - 2 1 Q 9 8 . 0 2 4 1 .4 19.35 7 .25 8 .4 0 6 .15 —

6 - 2 1 F 103 7 .1 93 .1 5 .4 8 1.53 13 .10 8 . 0 0 —

6 - 2 1 T 85 7.3 163 .8 14.25 4 .7 5 14 .40 6 .4 0 —

6-29 Q 24 6 .4 8 2 .8 6 .81 2 .24 14.50 2 .25 —

6-2 9 F 22 6.5 129.3 8 .8 7 2 .8 5 10.40 3 .20 —

6-29 T 429 6 . 2 4 1 .4 10.34 2 .8 0 16.95 6 .8 0 —

7- 7 Q 12 6 . 0 72 .4 6.42 2 . 0 2 8 .7 7 2 .30 —

7- 7 F 433 6 .9 1 1 2 . 1 9 .61 2 .43 18.40 8 .4 0 2 .8 7
7- 7 T 14 7.2 1 1 2 . 1 9 .1 7 2 .8 5 9 .9 0 4 .1 0 —

2 .5

9 .0  
4 .5
9 .0

9 .0
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TABLE 1 9 .— C ontinued

S pec if ic  ppm
C o llec t io n  Sample Stemflow co n d u c t iv i ty  -------------------------------------

d a te type (ml) pH (micromho s /cm ) Ca Mg K Na P
S° 4

7-12 Q 45 6 . 6 7 0 .7 5 .0 5 1 .3 7 11 .40 5 .9 5 — —

7-12 F 730 6 . 8 7 0 .7 4 .3 9 1.32 13 .55 4 .2 0 1 .57 7 .0
7-12 T 1310 7 .0 112  . 1 11.75 2 .50 16 .30 4 .3 5 2 . 6 6 4 .5

7-14 Q 14 6 .9 55 .2 4 .0 6 1 .28 10.34 1.40 — —

7-14 F 246 7 .0 3 7 .9 7 .93 2 .25 17.20 8 .9 0 2 .34 6 . 0
7-14 T 9 7 .1 67.2 9 .9 8 2 .1 9 7.93 2 .55 — —

7-18 Q 430 6 .9 106.9 14.51 2 .9 5 3 6 .35 6 .9 0 0 .32 6 . 0
7-18 F 1405 6 . 8 2 4 .1 3 .0 5 0 .7 4 7.95 7.75 1 .07 6 . 0
7-18 T 2053 7.3 67.2 4 .5 3 1 . 1 2 11.35 10.60 1 .67 7 .0

7-24 Q 14 7 .1 5 1 .7 1 .9 7 0 .2 7 9 .2 4 1 . 2 0 — —

7-24 F 183 7 .1 103 .4 7 .9 0 2 .29 15 .60 7 .45 1 . 8 6 8 .5
7-24 T 62 7 .0 53 .4 4 .4 2 0 .9 8 6 .54 7 .3 0 — —

8-13 Q 2 65 6 .9 137 .9 8 .65 1 .70 2 8 .2 0 12 .70 0 .4 8 9 .5
8-13 F 1043 7 .0 8 9 .7 5 .34 1 .61 14.15 10.60 1 .76 6 .5
8-13 T 1890 7 .1 103 .4 9 .9 8 2 .1 9 15.90 4 .1 0 1 . 8 6 4 .5

8-24 Q 12 6 . 6 79.3 3 .4 3 0 .6 1 9 .7 7 1.55 — —

8-24 F 2 2 1 7.3 3 2 7 .6 2 2 .6 0 8 .6 0 19.25 2 5 .4 5 — —

8-24 T 15 7 .1 112  . 1 8 .6 1 2 .35 13.55 5 .5 0 — —
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TABLE 1 9 .— C ontinued

S pec if ic  ppm
C o lle c t io n  Sample Stemflow co n d u c t iv i ty  -------------------------------------

d a te type (ml) pH (micromhos/cm) Ca Mg K Na P S ° 4

8-29 Q 13 6 .5 3 9 .7 3 .48 0 .7 5 9 .23 1.85 — ______

8-29 F 251 6 .3 2 4 1 .4 2 0 .5 9 6 .4 0 4 4 .05 1 0 . 1 0 — —

8-29 T 26 6 .9 87 .9 16 .56 3 .8 5 18.35 6 .7 0 — —

9- 3 F 15 6 .4 53 .4 5 .8 7 1.91 10 .78 6 .7 5 — —

9- 5 Q 35 6 .7 4 3 .1 1.42 0 .3 8 8 .63 7 .8 0 - - —

9 -  5 F 1984 6 . 8 7 5 .9 4 .7 2 1 .31 12.85 4 .5 1 1.45 5 .0
9- 5 T 531 6 .4 9 4 .8 8 .2 9 1 .91 13 .55 9 .45 2 .41 3 .5
9-27 Q 30 6 . 8 1 1 2 . 1 6 .1 9 1 .04 8 .35 6 .3 0 — —

9-2 7 F 518 6 .4 13 7 .9 7 .43 1 . 6 6 17.85 7 .3 0 3 .0 8 9 .7
9-27 T 159 6 .3 163 .8 16.55 3 .6 0 19.45 7 .75 3 .0 8 4 .5

9-30 Q 9 6 .9 103 .4 5 .9 6 1 . 6 6 19 .30 6 .3 0 — —

9-30 F 95 6 .9 2 4 1 .4 2 5 .5 1 6 .65 4 5 .35 10 .50 — —

10- 3 Q 91 6 . 6 5 0 .0 1.65 0 .4 6 1 0 . 1 1 5 .7 0 0 .2 8 3 .5
10- 3 F 1029 6 .9 120 .7 5 .32 1 .97 2 3 .0 5 7 .85 2 .56 6 .5
10- 3 T 1993 6 . 2 9 4 .8 7 .7 6 1 .40 12 .80 7 .0 0 2 .34 5 .0

m eans Q 65 6 . 8 131 .8 9 .23 2 . 6 8 18 .00 4 .8 3 0 .89 7 .0
m eans F 536 7 .0 134 .7 11.74 3 .5 2 18.40 8 .4 0 2 .1 3 6 .5
m eans T 565 6 . 8 139 .8 14 .17 3 .3 4 17.34 5 .8 3 2 .3 6 5 .4
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S tem flow , ex c lu d in g  bur oak  w here  le a k a g e  occu rred  in  th e  c o l l e c t 

ing g i rd le ,  w as  s l ig h t ly  h igher  from g reen  a s h  th a n  b a s s w o o d .  H o w ev er ,  

s tem flow  from e a c h  of t h e s e  two co n tr ib u te  on ly  ab o u t 0 . 1% of th e  to ta l  

n e t  ra in fa l l  a s s o c i a t e d  w ith  each  s p e c i e s .

The in te rc e p t io n  of th e  ra in fa l l  by t r e e  c a n o p ie s  is  g r e a te s t  for 

b a ssw o o d  (2 9.3%) fo llow ed  by g reen  a s h  (12.3%) and bur oak  (11.4% ).

The d e n s e ,  c lo s e d  na tu re  of th e  b a s s w o o d ,  a s  o p p o sed  to  th e  more open  

na tu re  of bur oak  and g reen  a s h ,  m ay a cc o u n t  for th is  d i f f e r e n c e .  The 

c o a r s e  tex tu red  su rfa ce  of th e  b a ssw o o d  le a v e s  a s  o p p o sed  to  th e  sm oo th , 

w axy su rfa ce  of th e  bur oak  and g reen  a s h  le a v e s  may a l s o  be  a f a c to r .

The r e s u l t s  of th e  ch em ica l  a n a ly s i s  of g ro s s  r a in f a l l ,  th ro u g h fa l l ,  

and s tem flow  for e a c h  o f th e  th re e  p lo ts  a re  show n in  T ab les  18 and 19. 

A lthough re fe rred  to  a s  g ro s s  ra in fa l l  and th ro u g h fa l l ,  t h e s e  v a lu e s  in 

a c tu a l i ty  in c lu d e  inpu t by d u s t  b e tw een  p e rio d s  of r a in fa l l .

The range  of pH v a lu e s  in  a l l  s am p les  is  from a low  of 5 .5 in  th e  

g ro s s  ra in fa l l  and th roughfa ll  c o l le c t io n  of p lo t  1 to  a h igh  of 8 . 6  for 

s tem flow  in  p lo t 14 . The m ean  pH v a lu e s  for g ro s s  ra in fa l l  and th ro u g h -  

fa ll  in  p lo t  1 a re  both  6 .2  , w h ile  m ean  pH of th roughfa ll  i s  6 .5  for p lo t  14 

and 6 . 8  for p lo t 23 . The m ean pH of th e  s tem flow  for p lo ts  1 and 14, 6 . 8  

and 7 . 0 ,  r e s p e c t iv e ly ,  i s  s l ig h t ly  h igher th a n  th e  th ro u g h fa ll  in  th e s e  

p lo ts  . The m ean  pH of s tem flow  in  p lo t  23 (6 . 8 ) i s  th e  sam e  as  th e  

th roughfa ll  in  th e  sam e p lo t .

The c o l le c t in g  s i t e s  a s  w ell a s  th e  d a te s  of c o l le c t io n  showed 

c o n s id e ra b le  v a r ia t io n  in  c o n d u c t iv i ty  v a lu e s  . The low  of 5 .2 m ic ro m h o s /
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cm w as  m easu red  in  th e  g ro s s  ra in fa l l  c o l le c te d  a f te r  a h e av y  r a in .  The 

maximum v a lu e ,  3 9 6 .6  m ic ro m h o s /c m , occu rred  in s tem flow  c o l le c te d  in  

p lo t  23 . G ross  ra in fa l l  had th e  lo w e s t  m ean  v a lu e  (31 .8  m ic ro m h o s /c m ) . 

M ean  v a lu e s  for th roughfa ll  a re  4 5 . 0 ,  5 6 . 8 , and 9 7 .6  m ic ro m h o s /cm  for 

p lo ts  1, 14, and 2 3 ,  r e s p e c t iv e ly .  In a l l  th re e  p lo t s ,  th e  s tem flow  

v a lu e s  a re  h igher  th a n  th o s e  for th ro u g h fa l l .  G iven  in  th e  sam e order a s  

th ro u g h fa l l ,  t h e s e  m ean  v a lu e s  a re  1 3 1 .8 ,  1 3 4 .7 ,  and 13 9 . 8 ,  m ic ro m h o s /  

c m .

Severa l n o t ic e a b le  p a t te rn s  e x i s t  in  l e v e l s  of ch em ica l  e lem en ts  

among th e  d if fe ren t  ty p e s  of r a in f a l l .  For e x am p le ,  th e  m ean v a lu e s  of 

c a lc iu m , m ag n es iu m , p o ta s s iu m ,  and p h o sphorus  a re  h igher  in  bo th  s tem -  

flow and th roughfa ll  in a l l  p lo ts  th a n  in g ro s s  r a in f a l l .  Among th e  s a m 

p le s  c o l l e c te d ,  on ly  s tem flow  in p lo t  1 h a s  m ean  su l fa te  l e v e l s  h igher 

th an  th e  g ro s s  r a in f a l l .  R e la tive  to  l e v e l s  of sodium  in  the  g ro s s  r a in f a l l ,  

on ly  s tem flow  in  p lo ts  1 and 23 hav e  low er m ean v a l u e s .

Simple l in e a r  c o r re la t io n s  b e tw een  th e  ch em ica l  p ro p e r t ie s  and 

am ounts  of g ro s s  ra in fa l l  (plot 0 0 ) s tem flow  and th roughfa ll  p lo ts  1 , 14, 

and 23 a re  p re s e n te d  in  Table  2 0 .  W ith  few  e x c e p t io n s ,  n e g a t iv e  c o r 

re la t io n s  e x is t  b e tw ee n  th e  am ount of g ro s s  r a in f a l l ,  th ro u g h fa l l ,  and 

s tem flow  c o l le c te d  and th e i r  c h em ica l  p r o p e r t i e s . One of t h e s e  e x c e p 

t io n s  , th e  s tem flow  in  p lo t  1 , g iv e s  p o s i t iv e  c o r re la t io n s  in m ost c a s e s .

As m entioned  p re v io u s ly  in  d e sc r ib in g  th e  m ethods for c o l le c t in g  s tem flo w , 

som e le a k a g e  occurred  from th is  t re e  g i rd le .  As a r e s u l t ,  t h e s e  sam p les  

d id  no t undergo  th e  normal d i lu t io n  e f fe c t  no ted  in  p lo ts  14 and  23 w here



TABLE 20

MEAN AMOUNT OF GROSS RAINFALL, STEMFLOW, AND THROUGHFALL IN PLOTS STUDIED AND 
CORRELATION COEFFICIENTS BETWEEN THESE VALUES AND THEIR CHEMICAL PROPERTIES

C o rre la t io n  C o e f f ic ien t

Type of 
ra in fa ll Plot

M ean
ra in fa l l pH

C onduc
t iv i ty Ca Mg K Na

mm

G ross 0 0 11 .7 - . 4 3 6 a - . 4 0 8 3 - .2 8 6 - .2 7 6 - .2 8 0 - .2 5 2

ml

Stemflow 1 6 5 .1 .094 . 143 .091 - .0 6 2 .422 .523a
14 536 .2 - .2 9 1 - . 4 6 8 a - . 4 8 2 a - . 4 8 9 a - .2 2 4 - .2 0 5
23 5 6 4 .9 - .0 2 9 - .2 5 0 - .3 1 7 - .3 7 1 - .1 3 7 .312

mm

Throughfall 1 10 .4 - .1 4 3 - • 4 7 1 b - . 4 9 9 b -  .495 - . 4 0 3 a - . 3 9 7 a
14 10.3 - .3 1 5 - .4 6 4 - .3 4 0 - .3 8 8 - . 4 1 6 a - .2 8 0
23 8.3 - .3 5 5 - . 4 0 0 a - . 3 9 9 a - .3 4 4 - .3 3 0 .064

s ig n if ic a n t  a t  0 .05  lev e l  

^ s ig n if ic a n t  a t 0 . 0 1  le v e l
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th e  g i rd le s  w ere  more e f fe c t iv e  in  c o l le c t in g  s tem flo w . The o th e r  n o te 

w orthy ex ce p t io n s  a re  th e  p o s i t iv e  c o r re la t io n s  b e tw een  am oun ts  of s te m -  

flow and th roughfa ll  and sodium  in p lo t  23 . A lthough n e i th e r  is  s t a t i s t i 

c a l ly  s ig n i f ic a n t ,  th e  c o r re la t io n  c o e f f ic ie n t  b e tw ee n  am ount of s tem flow  

and sodium  is  q u i te  h ig h .  H igher  n e g a t iv e  c o r re la t io n s  e x is t  b e tw een  

am ount of ra in fa l l  and c o n d u c t iv i ty  th a n  b e tw ee n  ra in fa l l  and p H .

The la rg e  number of n e g a t iv e  c o r re la t io n s  b e tw een  th e  am ount of 

ra in fa l l  and  i t s  ch em ica l  e lem en ts  p o in ts  ou t th e  need  to  e x p re s s  t h e s e  

in  som e o th e r  m anner th an  a s  c o n c e n t r a t io n s .  T here fo re , tak in g  bo th  

am ount and  c o n c e n tra t io n  in to  c o n s id e ra t io n ,  th e  c h em ica l  e lem en ts  were  

c a lc u la te d  on a w e igh t per  u n it  a rea  b a s i s .  In a d d i t io n ,  b e c a u s e  of th e i r  

ro le  in  n u tr ien t  c y c l in g ,  th e  c h em ica l  e lem en ts  a re  e x p re s s e d  on a ra te  

b a s i s  ra th e r  th a n  per in d iv id u a l  r a in f a l l .  Table 21 c o n ta in s  t h e s e  v a lu e s  

e x p re s s e d  a s  gram s per  sq u are  m ete r  per c o l le c t in g  s e a s o n  for g ro s s  r a in 

fa ll  and th ro u g h fa ll  and  m illig ram s per sq u a re  m ete r  per c o l le c t in g  s e a s o n  

for s tem flo w .

C om parison  b e tw ee n  inpu t of ch em ica l  e lem en ts  by th roughfa ll  and 

s tem flow  (Table 2 1) in d ic a te s  th e  former c o n tr ib u te s  c o n s id e ra b ly  more 

th a n  th e  l a t t e r .  There is  a la rg e r  am ount of inpu t of a l l  ch em ica l  e lem en ts  

by  ne t ra in fa l l  th a n  by g ro s s  ra in fa l l  e x c e p t  for sodium  in  p lo t  23 and 

s u lfa te  in p lo ts  1, 14, and 2 3 .  This c o u p led  w ith  th e  fa c t  th a t  th ro u g h -  

fa ll  v a lu e s  by th e m s e lv e s  a re  a l s o  lo w er  in  sodium  in  p lo t  23 and su lfa te  

in  p lo ts  1, 14, and  23 th a n  th e  g ro s s  r a in f a l l ,  in d ic a te s  th e  t re e  can o p y  

in te rc e p ts  t h e s e  e lem en ts  . This s u g g e s ts  a d i f f e re n t ia l  t rap p in g  or fo l ia r
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TABLE 21

SEASONAL INPUT OF CHEMICAL ELEMENTS BY GROSS RAINFALL 
IN PLOT 00 AND BY NET RAINFALL (THROUGHFALL AND 

STEMFLOW) IN PLOTS 1, 14 , AND 23

Plot

C hem ica l e lem en ts

Ca Mg K Na P S° 4

T h ro u g h fa ll , g /m 2

1 0 .3 8 5 7 0 .1 3 3 1 1 .2955 2 .0 0 3 4 0 .0844 1 .7425

14 0 .6 0 9 0 0 .1 9 3 7 1 .0809 2 .0 6 3 3 0 .1464 1 .9740

23 0 .7023 0 .2 6 4 9 1.8693 1.7313 0 .1 7 5 9 1 .4638
2

Stem flow , m g/m

1 0 .503 0 .114 1 .241 0 .3 5 6 0 .02  73 0 .3 2 0 a

14 2 .9 4 1 0 .821 6 .2 4 0 2 .8 8 9 0 .6 8 7 a 2 . 2 0 i a

23 3 .335 0 .7 3 7 5 .0 3  9 2 .1 7 6 0 . 6 8 l a 1 . 704a

2
G ro ss  and  n e t  ra in fa l l  ( th roughfa ll+ s tem flow ), g /m

0 0 0 .2773 0 .0765 0 . 2 2 2 2 1 .9957 0 .0 6 0 0 2 .2658

1 0 .3862 0 .1332 1 .2967 1 .0038 0 .0844 1 .7429

14 0 .6 1 1 9 0 .1945 1 .0871 2 .0 6 6 2 0 .1471 1 .9762

23 0 .7 0 5 6 0 .2 6 5 6 1 .8653 1.7335 0 .1 7 6 6 1 .4655

a v a lu e s  a d ju s te d  by proportion  to  eq u a l  th e  sam e am ount of 
ra in fa l l  a s  for c a t io n  v a lu e s
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a b so rp tio n  of sodium  by b a ssw o o d  and s u lfa te  by a l l  th re e  s p e c ie s  .

Each of th e  th re e  t re e  s p e c ie s  h a s  a u n ique  sy s tem  of a l te r in g  th e  

ch em ica l  p ro p e r t ie s  of th e  g ro s s  r a in f a l l .  For e x am p le ,  th e  o rder of 

m agn itude  of ch em ica l  e lem en ts  from la r g e s t  to  s m a l le s t  in  th e  g ro s s  r a in 

fa ll  i s  s u l f a t e ,  so d iu m , c a lc iu m , p o ta s s iu m ,  m ag n es iu m , and p h o sp h o ru s .  

After a l te ra t io n  by  c an o p y  and t r e e  trunk th e  am ount from la r g e s t  to s m a l l 

e s t  in  th e  ne t ra in fa l l  i s  a s  fo llow s: p lo t 1 , sod ium , s u l f a te ,  p o ta s s iu m ,  

c a lc iu m , m ag n es iu m , p h o sp h o ru s ;  p lo t 2 3 ,  p o ta s s iu m ,  sod ium , s u l f a t e ,  

c a lc iu m , m ag n es iu m , p h o sp h o ru s ,  Basswood (plot 23) h a s  th e  g r e a te s t  

am ount of c a lc iu m ,  m ag n es iu m , p o ta s s iu m ,  and p h o sp h o ru s  in  th e  n e t  

r a in f a l l .  E xcep t for p o ta s s iu m ,  bur oak (plot 1) had  th e  lo w e s t  v a lu e s  .

For g reen  a s h  (plot 14), sodium  and su lfa te  v a lu e s  a re  th e  h ig h e s t ,  

w h e rea s  c a lc iu m , m ag n es iu m , and  p h o sphorus  a re  in te rm e d ia te ,  and 

p o ta ss iu m  th e  lo w e s t  of th e  th re e  s p e c i e s .  T hese  d i f f e re n c e s  s u g g e s t  

fo l ia r  le a c h in g  th a t  h a s  s p e c ie s  s p e c i f ic i ty  o c c u r s .

T h u s ,  in  g e n e r a l ,  n e t  ra in fa l l  is  h ig h e s t  in  ch em ica l  e lem en ts  

under b a s s w o o d ,  in te rm e d ia te  under g reen  a s h ,  and lo w e s t  u n d e r  bur o a k .  

A side  from th e  fa c t  th a t  b a ssw o o d  h a s  th e  h ig h e s t  p e rc e n ta g e  in te rc e p t io n  

of th e  g ro s s  r a in f a l l ,  i t  s t i l l  h a s  a ve ry  la rg e  in p u t of c h em ica l  e lem en ts  

r e la t iv e  to  th e  o th e r  two s p e c i e s . The d if f e re n c e s  in  th e  n a tu re  of th e  le a f  

s u r fa c e s  of t h e s e  th re e  s p e c i e s ,  m en tioned  p re v io u s ly  a s  a p o s s ib le  fac to r  

in  d if f e re n t ia l  in te rc e p t io n  of g ro s s  r a in ,  cou ld  a l s o  p la y  a ro le  in  a l t e r a 

t io n  of th e  c h em ica l  c h a r a c te r i s t i c s  of th is  r a in .
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L itter  P roduction

The am ounts  of l i t te r f a l l  c o l le c te d  m onthly  from M ay 18 through 

O ctober  15 b e n e a th  th e  bur o a k ,  g reen  a s h ,  and b a ssw o o d  c a n o p ie s  a re  

shown in  Table 2 2 .  As e x p e c te d ,  th e re  is  c o n s id e ra b le  v a r ia b i l i ty  in  

am ount of l i t t e r  during th e  c o l le c t in g  p e r io d .  S ligh tly  h ig h e r  l e v e l s  of 

nonwoody l i t t e r  from M ay 18 to  June 15 a re  a t t r ib u te d  to  c o l le c t io n  of f lo w 

ers  , im m ature f r u i t s , and bud s c a l e s  dropping  from th e  t r e e s  during  th is  

p e r io d .  The am ount of nonw oody l i t t e r  in c re a s e d  a g a in  b eg inn ing  w ith  

th e  A ugust 15 c o l le c t in g  p e r io d .  The maximum le v e l s  occu rred  during  th e  

O c tober 15 c o l le c t in g  p e r io d .  W oody l i t t e r ,  due  to  na tu ra l  pruning or 

wind b re a k a g e ,  v a r ie s  c o n s id e ra b ly  among th e  th re e  s p e c ie s  in d ic a t in g  

p o s s ib le  d i f f e re n c e s  in  t im e s  of n a tu ra l  p ru n in g . Plot 1, dom ina ted  by 

bur o a k ,  show s two peak  p eriods  of lo s s  . The s m a l le s t  occu rred  during 

th e  August c o l le c t in g  p e r io d , th e  l a r g e s t  during  th e  O c tober c o l le c t in g  

p e r io d .  The lo s s  under b a ssw o o d  (plot 23) w as  h igh  during  th e  June c o l 

le c t in g  p e r io d ,  dropped during  July and A u g u st ,  and th e n  in c re a s e d  during 

Sep tem ber and  O c to b e r .  U nlike  p lo ts  1 and 2 3 ,  p lo t  14, dom inated  by 

g reen  a s h ,  had one  p eak  w hich  o ccu rred  during  th e  June c o l le c t in g  p e r io d .

W hen com pared  on a s e a s o n a l  b a s i s  , th e  to ta l  l i t t e r f a l l  v a lu e s  in
2

g /m  (Table 22) a re  a s  fo l lo w s:  bur o a k ,  2 6 5 .2  (nonwoody 2 1 6 .4  and 

woody 4 8 .8 ) ;  b a s s w o o d ,  2 6 3 .1  (nonwoody 2 2 6 .0 ,  w oody 3 7 .2 ) ;  g reen  

a s h ,  24 7 .4  (nonwoody 2 0 8 .9 ,  w oody 3 8 .5 ) .  L it t le  d i f fe ren c e  is  no ted  

w hen co m p ar iso n  i s  m ade b e tw ee n  woody and  nonw oody w e ig h ts  and  the  

to ta l  w e ig h ts  for e ac h  of th e  th re e  p l o t s .



TABLE 22

MEAN WEIGHTS OF WOODY AND NONWOODY LITTER COLLECTED FROM FOUR LITTER TRAPS EACH IN PLOTS 
1, 14, AND 23 ON A MONTHLY BASIS FROM MAY 18 TO OCTOBER 15, 1971

D ate
Litter
type

Plot 1
M ean w eigh t 

(g/m2)+SD

Plot 14 
M ean w eigh t 

(g/m2)+SD

Plot 23 
M ean  w eigh t 

(g/m2)+SD

6-15 woody 8 .3+  3 .0 8 1 7 .5 + 2 7 .1 7 6.9+  5 .6 6
6-15 nonwoody 9 .9+  1 .20 9 .9+  0 .9 1 1 0 .5± 2 .7 8
7-15 woody 4 . 6+ 2 .4 6 4 .7 +  1.12 2 .5 +  1 .77
7-15 nonwoody 2 .5+ 0 .9 8 5 .2 +  0 .9 1 6.0+  0 .9 7
8-15 woody 15 .8+ 13 .92 5 .7 +  3 .1 6 4 .1 +  4 .1 0
8-15 nonwoody 7 .0+  3 .5 1 11.6+ 7 .04 1 3 .0 1  3 .1 5
9-15 woody 2 .1 +  1 .39 4 .2 +  3 .32 10.9+12 .24
9-15 nonwoody 3 8 .9 + 3 3 .1 4 5 1 .3+  6 .55 5 1 .4 + 3 4 .6 7

10-15 woody 17.9+ 9 .52 6 .2+  1 .48 12.6+ 8 .4 4
10-15 nonwoody 1 5 8 .1 + 5 3 .3 6 1 3 0 .8 + 3 8 .9 6 1 4 5 .1 + 2 3 .4 1

s e a s o n a l woody 4 8 .8 +  6 .1 9 3 8 .5+  4 .9 9 3 7 .2+  3 .8 7
s e a s o n a l nonwoody 2 1 6 .4 + 5 8 .8 1 2 0 8 .9 + 4 7 .4 8 226 + 52 .53
s e a s o n a l to ta l 265 .2 2 4 7 .4 263 .2

12 7
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The le v e l s  of ch em ica l  e lem en ts  found in w oody and nonwoody 

l i t t e r  s am p les  a re  show n in  Table 2 3 .  S e a so n a l  v a r ia t io n s  e x i s t  b e tw een  

le v e l s  in  woody and  nonwoody l i t t e r  in th e  sam e p lo t and  among th e  th ree  

p lo ts  . In com paring  woody and nonwoody l i t t e r ,  s e v e ra l  t re n d s  a re  

ap p a ren t  w hich  hold tru e  for a l l  th re e  p lo ts  . M o st  n o t ic e a b le  is  th e  h igh 

le v e l  of ca lc iu m  in  w oody a s  o p p o sed  to  nonwoody l i t t e r  (Table 2 3 ) .

Three o th e r  e le m e n ts ,  s tro n tiu m , i ro n ,  and alum inum , a re  h igher  in  the  

woody l i t t e r  in  a l l  th re e  p lo ts  . The o p p o s i te  is  tru e  for th e  le v e l s  of 

m ag n es iu m , p o ta s s iu m ,  and  phosphorus  w hich  a re  h igher  in  nonwoody 

th a n  w oody t i s s u e .  Among th e  o th e r  ch em ica l  e lem en ts  m e a su re d ,  le v e l s  

in  th e  woody and nonw oody t i s s u e  a re  more v a r ia b le  th a n  th e  a fo rem en tio n 

ed o n e s .  In m ost c a s e s ,  z inc  and  sodium  a re  h ig h e r  in  w oody l i t t e r .  The 

l e v e l s  of th e  rem ain ing  two e le m e n ts ,  c o p p er  and m a n g a n e s e ,  va ry  c o n s i 

d e ra b ly  in  woody and nonw oody l i t t e r  bo th  w ith in  and  am ong p l o t s . 

G e n e ra l ly ,  m an g an e se  and co p p er  l e v e l s  a re  h ig h e r  in  nonw oody l i t t e r  

c o l le c te d  in  p lo ts  1 and 23 and  low er in  p lo t  14.

U sing  bo th  l i t t e r  w e ig h ts  and  c o n c e n tra t io n  of ch em ica l  e lem en ts  

in  th e  l i t t e r ,  v a lu e s  for s e a s o n a l  inpu t per  u n it  a rea  w ere  c a l c u l a t e d .

These  v a l u e s ,  s im ila r  to  th o s e  for r a in f a l l ,  d e s ig n a te  ra te  of input of 

ch em ica l  e lem en ts  per c o l le c t in g  s e a s o n .  Table  24 show s th e  inpu t of 

t h e s e  ch em ica l  e lem en ts  in  k ilog ram s pe r  h e c ta re  for w oody and nonwoody 

l i t t e r  and th e i r  t o t a l s .  Among th e  11 e lem en ts  m e a s u re d ,  c a lc iu m  fo llo w 

ed by p o ta ss iu m  had  th e  h ig h e s t  am ount of in p u t and c o p p er  th e  lo w e s t  in  

woody and nonw oody l i t t e r  in  the  th re e  p l o t s . Plot 2 3 had th e  l a r g e s t



TABLE 23

LEVELS OF MAJOR CATIONS, PHOSPHOROUS, AND TRACE METALS IN WOODY AND NONWOODY 
LITTER COLLECTED MONTHLY FROM MAY 18 TO OCTOBER 15, 1971 IN PLOTS 1, 14, AND 23

P ercen tage  dry  w eigh t ppm
Litter ------------------------------------------  --------------------------------------------- -

D a te type Ca Mg K P Cu Sr Mn Zn Fe A1 Na

Plot 1

6-15 Wb 2 .28 0 . 2 2 0 .40 0 . 1 2 2 7 .5 3 5 .1 4 7 8 .7 72 .3 3 7 8 .7 5 2 7 .5 8 8 . 6
6-15 N 0 .8 7 0 .3 4 0 .5 9 0 . 1 2 15 .0 9 .3 5 1 7 .6 78 .1 4 6 3 .7 2 4 1 .3 109.1
7-15 W 1.83 0 .1 6 0 .2 9 0 . 1 0 4 .4 3 0 .5 3 0 2 .7 73 .5 691 .3 601 .3 82 .3
7-15 N 0 .7 7 0 .2 8 0 .5 6 0 .23 2 0 .9 9 .5 3 1 6 .4 7 1 .9 3 4 7 .5 3 8 5 .0 71 .4
8-15 W 1.78 0 .1 6 0 .25 0 . 1 0 4 .4 3 0 .7 3 5 2 .9 63 .2 8 4 3 .7 917 .5 8 1 .6
8-15 N 0.82 0 .2 6 0 .61 0 .1 8 9 .7 1 1 . 6 2 7 1 .4 4 5 .0 190 .0 2 2 8 .7 69 .4
9-15 wc 2 .1 7 0 .1 8 0 .45 0 .0 7 1 2 . 0 32 .5 3 72 .0 372 .5 4 2 0 .0 7 4 0 .0 109.0
9-15 N 0.73 0 .1 8 0 .75 0 .1 7 18.1 9 .0 152 .0 3 5 .9 2 1 2 .5 2 2 6 .2 63 .5

10-15 W 2 .1 4 0 .15 0 .25 0 .13 16.3 3 5 .0 3 7 0 .5 76.3 921 .3 9 5 3 .7 76 .5
10-15 N 1.37 0 .3 4 0 .25 0 .2 7 6 .7 14 .9 4 1 4 .4 4 1 .1 132 .5 232 .5 4 9 .0

Plot 14

6-15 wc 1.59 0 .1 7 0 .4 8 0 .0 8 2 9 .5 2 7 .5 3 1 0 .5 72.5 2 7 0 .0 3 7 5 .0 6 2 .0
6-15 N 1.06 0 .34 0 .73 0 .03 19 .9 11.9 3 9 4 .0 332 .0 4 9 6 .2 3 8 0 .0 107 .0
7-15 W 1.83 0 .1 4 0 .31 0 . 1 0 3 1 .9 3 0 .1 3 3 0 .4 3 9 4 .0 9 0 0 .0 982 .5 79.3
7-15 N 1 . 2 1 0 .3 0 0 .73 0 .2 6 1 4 .7 14 .6 2 5 7 .4 2 4 6 .0 4 6 7 .5 4 9 7 .5 7 8 .0
8-15 wc 1.53 0 .15 0 .3 1 0 . 1 0 13 .5 2 7 .0 255 .5 9 6 .0 4 9 5 .0 6 7 0 .0 88 .5
8-15 N 1.45 0 .32 0 .7 1 0 . 2 1 10.4 18 .0 170 .7 190 .0 2 2 1 .3 2 7 5 .0 70 .9
9-15 wc 1 . 8 8 0 . 1 2 0 .23 0 .0 6 14.5 3 1 .5 262 .5 4 3 5 .0 2 9 0 .0 4 3 5 .0 6 8 . 0
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TABLE 23— C ontinued

D ate
Litter
type

P ercen tage  dry  w eigh t ppm

Ca Mg K P Cu Sr Mn Zn Fe A1 Na

9-15 N 2 . 0 0 0 .33 0 .7 7 0.32 19.0 2 1 .3 158 .9 180.5 2 2 3 .7 2 0 5 .0 5 1 .0
10-15 wc 1.98 0 .1 9 0 .4 8 0 .1 4 3 1 .0 2 8 .5 4 1 0 .0 9 9 .0 6 4 0 .0 1025.0 93 .0
10-15 N 2 .0 5 0 .3 6 0 .3 9 0 .2 7 6 .9 2 2 . 6 3 2 3 .0 165.5 143.7 2 1 7 .5 4 5 .9

Plot 23

6-15 W 2 .0 7 0 .14 0 .3 1 0 .1 6 2 1 . 0 3 3 .9 2 9 8 .0 146.6 2 7 3 .7 352 .5 70 .1
6-15 N 1.78 0 .3 7 1 .08 0 .3 7 43 .3 2 0 .7 4 0 8 .9 114.3 5 3 8 .7 4 9 6 .3 127.7
7-15 wc 2 .3 4 0 .13 0 .2 8 0 .0 8 2 1 .5 3 4 .0 2 8 8 .5 143 .5 3 3 0 .0 4 6 5 .0 74.5
7-15 N 1.65 0 .3 6 1 .16 0 .3 7 17.5 18.4 2 0 1 .4 73 .3 3 0 8 .7 3 2 0 .0 92 .3
8-15 wc 2 .44 0 .1 6 0 .3 6 0 . 1 1 1 1 . 0 3 5 .0 143.0 197.0 2 5 5 .0 3 5 5 .0 62 . 0
8-15 N 1.67 0 .2 9 0 .9 4 0 .2 6 1 1 . 6 2 1 . 1 152.1 5 1 .3 178 .7 2 1 3 .7 98.3
9-15 wc 2 .46 0 .13 0 .2 7 0 .0 8 17 .0 3 5 .0 150 .0 948 .5 2 0 5 .0 3 9 0 .0 1 2 2 . 0
9-15 N 2 .0 8 0 .2 4 0 .9 1 0 .34 2 9 .1 2 3 .7 172.1 5 7 .9 191.3 2 1 7 .5 72 .0

10-15 W 2 .2 4 0 .1 6 0 .2 7 0 . 1 1 23 .4 3 4 .1 3 7 1 .4 129 .6 5 1 3 .7 566 .3 83 .1
10-15 N 2 .6 0 0 .2 9 0 .6 9 0 .3 9 9 .1 3 0 .0 3 3 4 .6 5 5 .4 140.0 2 1 5 .0 4 8 .9

a woody l i t t e r  

^nonw oody l i t te r
Q

pooled s a m p le s ,  all o th e rs  r e p re se n t  a mean

130



TABLE 24

TOTAL INPUT OF MINERAL ELEMENTS BY WOODY AND NONWOODY LITTER 
COLLECTED IN PLOTS 1, 14, AND 23 FROM MAY 18 TO OCTOBER 15 , 1971

Litter "kg/ha'

type Ca Na Mg K P Cu Sr Mn Zn Fe A1

woody 10.03 0 .04 0 .7 9 1.34
Plot 1 
0 .5 9 0 .0 0 6 0 . 0 2 0 .1 7 0 .04 0.33 0 .3 7

nonwoody 2 5 .8 9 0 . 1 2 6 .6 7 8 . 2 1 4 .1 7 0 . 0 2  0 0.03 0 .7 8 0 .0 9 0.32 0 .4 7
to ta l 35 .92 0 .1 6 7 .4 6 9 .55 4 .7 6 0 . 0 2  6 0 .05 0.95 0 .13 0 .65 0 .84

woody 6 .60 0.03 0 .62 1 .57
Plot 14 
0 .3 6 0.011 0 . 0 1 0 . 1 2 0.05 0 .1 7 0 .25

nonwoody 4 1 .02 0 . 1 1 7 .35 1 1 . 1 2 5 .9 6 0.023 0 .0 4 0 .56 0 .0 9 0 .4 0 0 .4 8
to ta l 47 .62 0 .1 4 7 .9 7 12 .69 6.32 0 .034 0 .05 0 . 6 8 0 .14 0 .5 7 0 .71

woody 8 .7 8 0 .03 0 .4 8 1 . 1 1
Plot 23 
0 .3 7 0 .0 0 7 0 . 0 1 0 . 1 2 0 .04 0 .13 0 .1 7

nonwoody 52 .58 0 .1 4 6 . 2 2 17 .87 8 .35 0 .031 0 .0 6 0 .67 0.13 0 .4 0 0 .54
to ta l 61 .36 0 .1 7 6 .7 0 18 .98 8.72 0 .0 3 8 0 .0 7 0 .7 9 0 .1 7 0 .53 0 .71

131
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in p u t of c a lc iu m ,  so d iu m , p o ta s s iu m ,  s tro n tiu m , z in c ,  and c o p p e r .  The 

am ount of m a n g a n e s e ,  i ro n ,  and aluminum w as  h ig h e s t  in  p lo t  1. Among 

th e  th re e  p lo t s ,  m agnesium  w as  th e  on ly  e lem en t w ith  th e  h ig h e s t  le v e l  

of in p u t in  p lo t  14. S im ilar to  ne t  r a i n f a l l , th e  to ta l  inpu t of ch em ica l  

e lem en ts  by l i t t e r  is  g e n e ra l ly  h ig h e r  in p lo t  23 . I t  a l s o  fo llow s th e  r a in 

fa l l  p a t te rn ,  in th a t  th re e  of th e  e lem en ts  w ith  th e  h ig h e s t  le v e l  of inpu t 

in  p lo t 23 , c a lc iu m , p o ta s s iu m ,  and phosphorus  w ere  a l s o  h ig h e s t  in  th e  

ne t ra in fa l l  under the  b a ssw o o d  c a n o p y ,  in  th is  p lo t .

B ecau se  of dam age  to  th e  l i t t e r  t ra p s  during th e  w in te r  of 1971- 

1972 , an  a c c u ra te  a s s e s s m e n t  of th e  w in te r  (October 15 to  M ay 18) in 

c rem en t of w oody l i t t e r  w as  no t p o s s i b l e .  H o w ev er ,  b a se d  on c o l le c t io n s  

from a few  undam aged  t ra p s  , t h i s  in c rem en t w as  e s t im a te d  to  be  2 0 % of 

th e  summer (May 18 to  O c tober  15) in c rem en t repo rted  for e a c h  of th e  

th re e  p l o t s . T h e re fo re , th e  repo rted  to ta l  w e ig h ts  of woody l i t t e r  m u s t be 

in c re a s e d  by 20% to  o b ta in  th e  annual in p u t .  A ssum ing th e  n u tr ien t  c o n 

c e n tr a t io n  in  th e  w in te r  woody l i t te r f a l l  to  be the  sam e as  in  th a t  of th e  

summer in c re m e n t ,  th e  le v e l s  of n u tr ien t  in p u t by  woody l i t t e r  m ust a l s o  

be  in c re a s e d  by 2 0 %.

Com bined Input of C h em ica l  E lem ents  by 
Throughfall and L itte r fa ll

Out of th e  c h em ica l  e lem en ts  m easu red  in  l i t te r f a l l  and n e t  r a in 

f a l l , f ive  a re  common to  b o th .  Values for t h e s e  f ive  when com bined 

(Table 25) g ive  an  approx im ation  of th e  to ta l  inpu t of t h e s e  c h em ica l  

e lem en ts  under  th e  c a n o p ie s  of th e  t re e  s p e c ie s  s tu d ie d .
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COMBINED TOTALS OF CHEMICAL ELEMENTS MEASURED IN 
BOTH LITTERFALL AND NET RAINFALL 

IN PLOTS 1, 14, AND 23

TABLE 25

Plot

k g /h a

Ca K Na Mg P

1 3 9 .7 8 22 .51 2 0 . 2 0 8 .7 9 5 .6 0

14 5 3 .7 4 2 3 .5 6 2 0 .8 0 9 .92 7 .7 8

23 6 8 .41 3 7 .63 17 .48 9 .3 6 10.53

A com p ariso n  b e tw ee n  th e  two ty p e s  of inpu t (Tables 21 and 24) 

r e v e a ls  th a t  l i t te r f a l l  c o n tr ib u te s  more to  th e  to ta l  am ount of c a lc iu m , 

m ag n es iu m , and p h osphorus  th a n  d o e s  th e  ne t ra in fa l l  in  a l l  th re e  p lo t s ,  

a s  e x p e c te d .  H o w ev e r ,  no t a l l  th a t  i s  added  in l i t te r f a l l  i s  r e a d i ly  a v a i l 

a b l e ,  w h ile  ne t  ra in fa l l  i s .  Even in  b ro ad leav ed  w o o d la n d s ,  d e c o m p o s i

t io n  would not be  so  rap id  a s  to  a l lo w  a re a d i ly  a v a i l a b le  supp ly  of ions  

a s  d o e s  th e  ra in fa l l  and d r y f a l l . Input of p o ta ss iu m  by l i t te r f a l l  is  h ig h e r  

th a n  by  n e t  ra in fa l l  in  p lo ts  1 and 23 and lo w er  in p lo t  14. The inpu t of 

sodium  by  th roughfa ll  i s  h ig h e r  in  a l l  th re e  p lo ts  th a n  by  l i t t e r f a l l .  Based 

on th e  t o t a l s ,  th e  am ounts  of c a lc iu m ,  p o ta s s iu m ,  and phosphorus  in t ro 

d u ced  in to  e ac h  sy s tem  a re  n o t ic e a b ly  h igher  in  p lo t  23 th a n  p lo ts  1 and  

14, w h e rea s  to ta l  inpu t of sodium  and m agnesium  is  h ig h e s t  in  p lo t  14.



DISCUSSION AND CONCLUSIONS

The F o re s t  River Biology Area h a s  undergone  p rev ious  d is tu rb a n c e  

of v e g e ta t io n  by  f i r e ,  t im ber c u t t in g ,  b e av e r  a c t i v i ty ,  and g ra z in g .  The 

f o r e s t ,  b a se d  on t r e e - r in g  a n a l y s i s ,  is  l e s s  th a n  100 y e a r s  o ld .  These  

d is tu rb a n c e s  and th e  d iv e r s i ty  in  env ironm ents  h av e  re s u l te d  in  a r ich  

v e g e ta t io n  w ith in  a sm all g eo g rap h ic  a r e a .  The 109 s p e c ie s  repo rted  

here  w ith in  th e  fo re s te d  pa rt  of th e  6 4 .8  ha s tu d y  a re a  c o n s t i tu te  ab o u t 

38% of th e  25 7 s p e c ie s  reported  in a 2 00 m ile  fo re s te d  s tu d y  a re a  a long  

th e  Red River by W anek  (1961).

Ages of t r e e s  and th e i r  d is t r ib u t io n  is  v a r ia b le  among th e  com 

m unity  ty p e s  s tu d ie d .  Bur oak is  r e la t iv e ly  o ld ,  p re v a le n t  in community 

ty p e s  1 , 2 ,  and 3 , and g e n e ra l ly  r e s t r ic te d  to  h ig h e r  e le v a t io n s  . Repro

d u c t io n  by th is  s p e c ie s  i s  l im i te d .  G reen  a s h ,  a l s o  ab u n d an t in  com 

m unity  ty p e s  1 , 2 ,  and 3 , i s  g e n e ra l ly  younger  th a n  bur o a k ,  and a p p ea rs  

to  hav e  grown up w here  bur oak  c a n o p ie s  a re  more o p e n .  B a ssw o o d s ,  

g e n e ra l ly  younger th a n  bur oak and g reen  a s h ,  have  th e i r  h ig h e s t  d e n s i ty  

in  com m unity  ty p e  4 ,  and a re  lo c a te d  on low er s lo p e  p o s i t io n s  th a n  bur 

o a k .  Paper b irch  and trem bling  a s p e n ,  found in  com m unity  type  4 ,  a re  

r e la t iv e ly  sh o r t - l iv e d  s p e c i e s . Elm and box e ld e r  a re  m o s tly  r e s t r ic te d  

to  com m unity  ty p e  5 (f lo o d p la in ) . The p re s e n c e  of box  e ld e r  and elm 

s e e d l in g s  and s a p l in g s  on th e  s lo p e s  in d ic a te s  th e s e  s p e c ie s  a re  s p re a d 

ing up s lo p e  from th e  f lo o d p la in .  P r a c t ic a l ly  no rep roduc tion  by elm and
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box e ld e r  o ccu rs  in  th e  f lo o d p la in  a re a  s t u d i e d . S u b s ta n t ia l  v e g e ta t iv e  

rep ro d u c tio n  w as o b se rv ed  for s e v e ra l  t re e  s p e c i e s . Rings of b a s a l  

sp rou ts  a re  ab u n d an t for box e ld e r ,  p ap er  b i r c h ,  b a s s w o o d ,  and g reen  

a s h .  E xcavation  of so il  p i ts  re v e a le d  some roo t su c k e r  sp ro u ts  from 

a sp e n  and g reen  a s h .

Based on l in e a r  c o r re la t io n  a n a l y s i s ,  e le v a t io n  and s lo p e  o r ie n ta 

t io n  a n d ,  to  a l e s s e r  d eg re e  s lo p e  a n g le ,  p lay  an  im portan t ro le  in  d e te r 

mining s tan d  c h a r a c te r i s t i c s  of v e g e ta t io n .  R esu lts  in d ic a te  th a t  s ig n i f i 

c an t  n e g a t iv e  c o rre la t io n  e x is t s  b e tw ee n  a s p e c t  and h e rb a ce o u s  c o v e r ,  

and b e tw ee n  b a s a l  a re a  of t r e e s  and e le v a t io n .  Both c o r re la t io n s  a re  

c o n s i s t e n t  w ith  th e  r e s u l t s  of S iccam a e t  a l .  (1970) and Bormann e t  a l .

(1970) in  th e i r  m ixed -fo res t  s tu d y  in  New H a m p sh ire .  The d is t r ib u t io n  

of sh rubs  in th e  B s tra tum  is  not s tro n g ly  in f lu en c ed  by  e le v a t io n .  Both 

th e  number and c o v e rag e  v a lu e s  of h e rb a ce o u s  s p e c ie s  in c r e a s e s  d ow n- 

s l o p e . S o , w h ile  he rbs  a re  more a b u n d an t on low er s lo p es  , th e  sh rubs  

a re  more uniform ly d is t r ib u te d  a long  the  s l o p e s .  C o v erag e  v a lu e s  of the  

ta l l e r  sh rubs  in c re a s e  a t  h igher  e l e v a t io n s .  The s u c c e s s  of sh rubs  a t 

h igher  e le v a t io n s  may be  a t t r ib u te d  to  th e  a d a p t iv e  na tu re  of th e i r  d e e p e r  

roo t s y s t e m s . As e x p e c t e d , r e s u l t s  from m o is tu re  b lock  s tu d ie s  show  

so i l  w a te r  d e p le t io n  o ccu rs  from th e  su r fa ce  dow nw ard and r e a c h e s  th e  

perm anen t w il t in g  po in t in  th e  upper part of th e  roo ting  zone  f i r s t .  As a 

r e s u l t ,  w hen no a v a i la b le  w a te r  e x i s t s  for th e  sh a l lo w - ro o te d  h e r b s ,  i t

i s  s t i l l  a v a i la b le  for th e  s h r u b s .
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R esu lts  of th i s  s tu d y  show  th a t  p la n t  s p e c ie s  and env ironm enta l 

g ra d ie n ts  on th e  s lo p e s  o ccu r  in  a c o n t in u o u s ,  o v e rlapp ing  and not d i s 

c re te  f a s h io n .  H o w ev er ,  p ronounced  d if f e re n c e s  in  bo th  v e g e ta t io n  and 

env ironm ent do o ccu r  b e tw ee n  th e  s lo p e s  and th e  f lo o d p la in .  This a rea  

is  in  an  ea r ly  s ta g e  of s u c c e s s io n ,  and h e n c e ,  th e  continuum  p a t te rn  of 

v e g e ta t io n ,  a s  d e sc r ib e d  by Ram ensky and G le a so n  (see W h it ta k e r ,  1962) 

and th e  W isc o n s in  School (Curtis and M c In to sh ,  1951) is  e x p e c te d .

W hen  c h a r a c te r  s p e c ie s  or c h a r a c te r i s t i c  co m b in a tio n s  of s p e c ie s  a re  

a b s e n t ,  a B raun-B lanquet ty p e  a s s o c ia t i o n  a n a ly s i s  b eco m es  d i f f ic u l t .  

A lthough the  v e g e ta t io n  v a ried  c o n t in u o u s ly  a long  th e  s lo p es  th is  d o e s  

not p rec lu d e  th e  e s ta b l i s h m e n t  of a rb itra ry  com m unity ty p e s  (Becking, 

1968). N e ith e r  is  th e  o ccu r ren c e  of n a tu ra l  b r e a k s ,  su ch  a s  b e tw ee n  th e  

s lo p e s  and f lo o d p la in ,  in c o n s i s te n t  w ith  th e  con tinuum  c o n c e p t .  D a u b e n -  

mire (1966), in  d is c o u n t in g  th e  continuum  c o n c e p t ,  c o n ten d s  th a t  c o n t in u 

ous p a t te rn s  in  d is t r ib u t io n  of v e g e ta t io n  o c cu r  on ly  in d is tu rb e d  a re a s  

w hile  d i s c r e te  com m unitie s  c a n  be d em o n s tra ted  w here  v e g e ta t io n  is  in 

p r i s t in e  c o n d i t io n .  Future e c o lo g ic a l  s tu d ie s  in  th is  coun try  w ill  have  

to  be c o n d u c ted  in  d is tu rb e d  a r e a s .  Few a re a s  w ith  p r is t in e  co n d i t io n s  

rem ain  and p a t te rn s  of v e g e ta t io n  m ust b e  re c o g n ize d  a s  th e y  e x i s t .

S evera l o rd in a tio n  te c h n iq u e s  have  b een  p roposed  to  group v e g e t a 

t io n  o b je c t iv e ly .  Two of them  h av e  b e en  u s e d  in  th is  s tu d y .  Although 

S w an -D ix -W eh rh ah n  o rd in a tio n  is  an  im provem ent over th e  Bray and 

C u rtis  m ethod in  i t s  s e le c t io n  of a x e s , i t  w as  no t a s  e f fe c t iv e  in  th is  

s tu d y  a s  p r in c ip a l  com ponen t a n a l y s i s .  Swan (1972) a l s o  in d ic a te s
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h av ing  more s u c c e s s  u s in g  p r in c ip a l  com ponent a n a ly s i s  th a n  th e  S w an- 

D ix -W eh rh ah n  o rd in a t io n .  S eve ra l  o th e r  w orkers  (Barkham and N o rr i s ,  

1970; Erman and  H elm , 1971; van  G ro e n ew o u d , 1964; Jeglum e t  a l .  , 1971; 

W alk e r  and W eh rh ah n ,  1971) a t t e s t  to  th e  e f f e c t iv e n e s s  of p r in c ip a l  

com ponent a n a ly s i s  a l th o u g h  th e y  did  not com pare  i t  to  th e  S w a n -D ix -  

W ehrhahn  o rd in a tio n  as  in  th i s  s tu d y .  W hen v e g e ta t io n  i s  h e te ro g en e o u s  , 

e f f e c t iv e n e s s  of p r in c ip a l  com ponen t a n a ly s i s  i s  in c re a s e d  by sp l i t t in g  

d a ta  in to  s e t s .  Jeglum et a ! .  (1971) in c re a s e d  th e  e x tra c t io n  by  o rd in a t-  

ing v e g e ta t io n  a s  h a lf  s e t s ,  w oody and nonw oody . The e x tra c t io n  re p o r t

ed in  th i s  s tu d y  (56.8%) w as  h ig h e r  th a n  bo th  th e  to ta l  s e t  (45.3%) and 

th a t  done  on h a lf  s e t s  (47.3%) by Jeglum e t  cd. (1971). The v e g e ta t io n  

w ith in  th is  s tu d y  a re a  i s  not so  h e te ro g en e o u s  a s  to  req u ire  th e  sp l i t t in g  

of d a ta  in to  s e t s  .

The p re s e n t  s tu d y  is  s im ila r  to  th a t  of Jeglum_et a l .  (1971) b e 

c a u s e  p r in c ip a l  com ponen t a n a ly s i s  w as  done  u s in g  s ta n d s  a s  a t t r ib u te s .  

As th e y  po in t o u t ,  th i s  ap p ro ach  p rov ides  more in s ig h t  in to  v a r ia t io n  in 

v e g e ta t io n  th a n  by  u s in g  s p e c ie s  a s  a t t r i b u t e s .  U nlike  some s tu d ie s  

p re v io u s ly  m en tio n e d ,  th e  p re s e n t  one  a t tem p ted  to  e s t a b l i s h  r e la t io n 

sh ip s  b e tw e e n  v e g e ta t io n  and env ironm en ta l  fa c to rs  u s in g  th e  r e s u l t s  of 

m u ltip le  r e g re s s io n  a n a l y s i s .  A d d it io n a lly ,  u n lik e  th e  o th e r  a p p ro a c h e s ,  

th e  m ultip le  r e g re s s io n  a n a ly s i s  provided  p re d ic t iv e  e q u a t io n s .

The m ost v a lu a b le  co n tr ib u t io n  of r e g re s s io n  eq u a t io n s  a s  u sed  

in  th is  s tudy  is  p robab ly  no t in  p red ic t in g  p re s e n c e  of s p e c ie s  a s  s u c h ,  

bu t in  e lu c id a t in g  env ironm enta l fa c to rs  im portan t in  d is t r ib u t io n  of
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in d iv id u a l  s p e c i e s .  W hen la rg e  numbers of s p e c ie s  a re  a n a ly z e d ,  th e  

f requency  of o c cu r ren c e  of th e s e  fa c to rs  re v e a ls  th e  r e la t iv e  im portance  

of env ironm en ta l  v a r ia b le s  co n tro ll in g  th e  d is t r ib u t io n  of com m unities  .

The v a lu e  of th e  m ultip le  r e g re s s io n  ap p ro ach  c a n  be en h an ced  

c o n s id e ra b ly  by u s in g  w e igh ted  v e g e ta t io n  pa ram ete rs  su ch  a s  c o v e rag e  

or d e n s i ty  in s te a d  of p re s e n c e  v a lu e s  and the  r e s u l t in g  p re d ic t iv e  e q u a 

t io n s  would provide  a more m eaningfu l in s ig h t  in to  th e  p ro b le m . The u s e  

of th i s  ty p e  of d a ta  re q u ire s  e l im in a tio n  of zero  v a lu e s  th a t  o ccu r  w h en 

e v e r  a s p e c ie s  is  not p r e s e n t .  There a re  a t  l e a s t  two w ays to  e l im in a te  

t h e s e  zero  v a l u e s .  F i r s t ,  by s tu dy ing  a la rg e  number of s i t e s  (perhaps 

1 0 0  or more) and  u s in g  d a ta  on ly  from th o s e  s i t e s  w here  a s p e c ie s  o c c u r s .  

This would s t i l l  l im it  th e  u s e  of r e g re s s io n  a n a ly s i s  to  th o s e  more f r e 

q u en t ly  o ccu rr ing  s p e c ie s  b e c a u s e  l i t t l e  c o n f id e n ce  cou ld  be  p laced  in  

r e g re s s io n s  b a se d  on sm all d a ta  s i z e .  S ec o n d ly ,  and p e rh ap s  a more 

p la u s ib le  m e thod , would  be  to  re p la c e  zero  d a ta  by  q u a n t i ta t iv e  v a l u e s .  

Such a method for u s e  in o rd in a t io n  p rocedures  h a s  b e en  d e v is e d  by  Swan 

(1970). This te c h n iq u e  h a s  c o n s id e ra b le  p o te n t ia l  for m u ltip le  r e g re s s io n  

a n a ly s i s  a s  w e l l .  It m u s t  be  po in ted  ou t th a t  m u ltip le  r e g r e s s io n s ,  in 

h e re n t ly ,  a re  a u n iv a r ia te  model (Cooley and Lohnes , 1962).

Based on  th e  r e s u l t s  of m ultip le  r e g re s s io n  a n a l y s i s ,  s e v e ra l  

env ironm enta l  fa c to rs  w ere  show n to  be im portan t in  th e  d is t r ib u t io n  of 

s p e c ie s  and com m unity t y p e s . T hese  were p o te n t ia l  so la r  beam  i r r a d ia 

t io n ,  a v a i la b le  w a te r  c a p a c i ty ,  e le v a t io n ,  l in e a r  a s p e c t ,  s lo p e ,  and

p o ta s s iu m .
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P o ten tia l  so la r  beam  i r r a d ia t io n ,  m ost f req u e n t ly  re ta in e d  of a l l  

env ironm en ta l  v a r ia b le s  in r e g re s s io n  e q u a t io n s ,  p rov ides  a q u a n t i ta t iv e  

d e s c r ip t io n  of energy  flow  on s lo p e s  th a t  i s  a perm anen t s i t e  fa c to r  

(Frank and L e e ,  1966). U sed  w ith in  a sm all g eo g rap h ic  a re a  a s  in  th is  

s tu d y ,  any  d if f e re n c e s  in  c loud  c o v e r ,  d u s t ,  and a tm o sp h er ic  m ois tu re  

a re  n e g l ig ib le .  P o ten tia l  s o la r  beam  ir rad ia t io n  i s  more v a lu a b le  th a n  

spo t re a d in g s  by l ig h t  m e te rs  and w ell su i te d  for g ra d ie n t  a n a l y s i s .  It 

i s  c o n s id e ra b ly  more u se fu l  in  a s s e s s i n g  d i f f e re n c e s  in  v e g e ta t io n  on 

s lo p e s  th a n  on non s lo p in g  a r e a s .  W hen  u s in g  p o te n t ia l  s o la r  beam  i r 

r a d ia t io n ,  s lo p e s  th a t  fa ce  e a s t  and  w e s t ,  r e g a rd le s s  of s lo p e  a n g le ,  

a re  a s s ig n e d  s im ila r  v a lu e s  . This may p o se  a problem  a s  th e  h e a t  regim e 

may not be  th e  sam e on bo th  s lo p e s  b e c a u s e  th e  morning sun  d r ie s  s u r f a c 

es  and th e  a f te rn o o n  sun  h e a ts  th e  so il  (G eiger, 1965). T he re fo re , th e  

w arm est  s lo p e s  a re  th e o re t ic a l ly  s o u th w e s t - f a c in g .  H a a s e  (1970) s tu d ied  

th is  problem and c o n c lu d ed  th a t  th e  na tu re  of th e  v e g e ta t io n  d e te rm in es  

w hich  s lo p e s  w ill  be  th e  w arm est and d r i e s t .

The seco n d  m ost f req u en tly  occu rr in g  v a r ia b le  w as a v a i la b le  

w a te r  c a p a c i ty .  Soil w a te r ,  b e c a u s e  of i t s  ro le  in  m a in ta in in g  tu rg o r ,  

ion  m o b il i ty ,  and t r a n s p i r a t io n ,  h a s  b e en  show n to  be  an  im portan t fa c to r  

in  g ra d ie n t  s tu d ie s  (B akuzis , 1959; G rigal and Arnem an, 1970; L o u c k s , 

1962; M owbray and  O o s t in g ,  1968; W ali  and K ra jina , 1972). W aring  and 

M ajor (1964) in  a s tu d y  of redw ood fo re s ts  in  C a l i fo rn ia ,  show ed th a t  

p la n t  s p e c ie s  a re  more s e n s i t iv e  to  w a te r  th a n  to  nu tr ien t  l e v e l s .  Ayyad 

and  D ix  (1964) in  a g r a s s la n d  s tu d y ,  c o n c lu d ed  so i l  w a te r  a v a i l a b i l i ty
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w as  a fu n c tio n  of bo th  a s p e c t  and e le v a t io n .  The l a s t  tw o m entioned  

pa ram ete rs  w ere  a l s o  re ta in e d  f req u en tly  in  th e  r e g re s s io n  e q u a t io n s  in  

th is  s tu d y .  The o th e r  to p o g rap h ic  f e a tu re ,  s lo p e  a n g le ,  a l s o  occurred  

f r e q u e n t ly .  As s lo p e  a n g le s  in c re a s e  on n o r th - fa c in g  s l o p e s ,  th e  so la r  

i r rad ia t io n  re c e iv e d  d e c r e a s e s ,  w h ile  th e  o p p o s i te  i s  t ru e  on s o u th 

fac in g  s l o p e s .  T here fo re , s lo p e  a n g le ,  in  ad d i t io n  to  a s p e c t ,  a f fe c ts  

th e  h e a t  reg im e on north  and  sou th  s l o p e s .

The dom inant in f lu en ce  of w a te r  on d is t r ib u t io n  of v e g e ta t io n  on 

s lo p e s  h a s  b een  su g g e s te d  to  h av e  su ch  an  overrid ing  in f lu en c e  th a t  

n u tr ien t  fa c to rs  c an n o t be  i s o la te d  (Kine, 1969). In th e  p re s e n t  s tu d y ,  

th is  w as  found not to  be  e n t i re ly  tru e  b e c a u s e  p o ta ss iu m  w as  one  of th e  

s ix  m ost f req u en tly  occurring  v a r ia b le s  in  th e  r e g re s s io n  e q u a t io n s .  

L evels  of p o ta ss iu m  in  th e  s o i ls  s tu d ied  ranged  from 0 .2 8  m eq /1 0 0  g to  

2 .1 9  m eq /1 0 0  g .  L eve ls  in  some s o i l s  a re  s l ig h t ly  b e lo w  th e  le v e l  of 

0 .3 0  m eq /1 0 0  g requ ired  for hardw oods (Waring and M ajo r ,  1964). Re

g re s s io n  eq u a t io n s  in d ic a te  th a t  e lm , Am erican h a z e ln u t ,  and beaked  

h a z e ln u t  a re  th re e  of s e v e ra l  s p e c ie s  w hose  d is t r ib u t io n  i s  in f lu en ced  

by le v e l s  of p o ta s s iu m .

The o th e r  n u tr ien t  fa c to rs  w ere  re ta in e d  l e s s  f req u en tly  th a n  

p o ta ss iu m  in  th e  r e g re s s io n  e q u a t io n s  . They a p p e a r  to  be  im portan t for 

a l im ited  number of s p e c i e s ,  for e x am p le ,  c a lc iu m  w as  re ta in ed  in  only  

four r e g re s s io n  e q u a t io n s .  This is  c o n s i s t e n t  w ith  th e  fa c t  th a t  ca lc iu m  

is  one  of th e  m ost ab u n d an t e lem en ts  in  th e  s o i l s  in  th is  a r e a .
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D is tr ib u t io n  p a t te rn s  of s p e c ie s  a long  e s ta b l i s h e d  g ra d ie n ts  a re  

som ew hat v a r ia b le  d ep en d in g  on p h ys iognom y. G e n e ra l ly ,  t r e e s  show  a 

b im o d a l ,  sh rubs  and  herbs  a unim odal d is t r ib u t io n  a long  th e  g r a d ie n t s .  

M ature  t r e e  forms may hav e  b e en  e s ta b l i s h e d  here  under  d if fe ren t  c o n d i 

t io n s  th a n  now e x i s t .  B ecause  th e i r  to le ra n c e  c h a n g e s  w ith  a g e ,  th e y  

a re  not a lw ay s  good in d ic a to rs  of th e  p re s e n t  env ironm enta l  c o n d it io n s  

(Becking, 1968). The s h o r te r - l iv e d  sh rubs  and  h e rb s  and ev en  young 

t r e e s  a re  more s e n s i t iv e  to  env ironm enta l c h an g e  (Becking, 1957, 1968; 

G rigal and  A rnem an , 1970).

A know ledge  of to p o g rap h ic  c h a r a c t e r i s t i c s , w a te r  and n u tr ien t 

req u irem en ts  for imm ature t r e e s  a re  needed  for s e le c t io n  of s p e c ie s  for 

r e fo re s t r a t io n .  By s e le c t in g  th e  r ig h t s p e c i e s ,  t r e e s  c a n  be  p lan te d  w ith  

th e  a s s u r a n c e  th a t  th e y  w ill g row . In th e  p re s e n t  s tu d y ,  e lm , a s p e n ,  

and b irch  a re  show n to  h a v e  c o n s id e ra b ly  narrow er e c o lo g ic a l  am p litudes  

a long  s o i l ,  w a te r ,  and n u tr ien t  g r a d ie n t s .  S o , more s e le c t iv e n e s s  in  

s i t e  lo c a t io n s  is  requ ired  for th e s e  s p e c i e s .

W hen b iv a r ia te  c o m b in a tio n s  w ere  u s e d  to  t e s t  d is t r ib u t io n  of 

com m unity ty p e s  a long  env ironm enta l g ra d ien ts  , s e v e ra l  r e s u l t in g  p a t 

te rn s  w ere  c o n s i s t e n t  w ith  th o s e  of s tan d  o rd in a tio n  of v e g e ta t io n .  

F ac to rs  making up th e  b iv a r ia te  c o m b in a tio n s  w ere  th e  sam e a s  th o s e  

s e le c te d  m ost f req u en tly  by m ultip le  r e g re s s io n  a n a l y s i s .  The fa c t  th a t  

p o te n t ia l  so la r  beam  ir rad ia t io n  in  com bina tion  w ith  s e v e ra l  o th e r  fa c to rs  

gav e  p a t te rn s  c o n s i s t e n t  w ith  s ta n d  o rd in a tio n  s u g g e s ts  th a t  i t  i s  one  of 

th e  m ajor o rd in a tio n  a x e s  . C om parison  of th e  p o te n t ia l  s o la r  beam
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ir rad ia t io n  g ra d ie n t  (Figure 5) and th e  tw o -d im e n s io n a l  o rd in a tio n  (Figure 

32) r e v e a ls  a x is  2 of th e  o rd in a tio n  p a ra l le l s  th e  p o te n t ia l  s o la r  beam 

i r rad ia t io n  g r a d ie n t .  Axis 1 does  not co rre sp o n d  to  any  one  g ra d ie n t  bu t 

p re su m ab ly  a number of g ra d ie n ts  re fe rred  to  by  W h it ta k e r  (1967) a s  a 

"com plex  g r a d ie n t . "  T he re fo re , s tu d ie s  c o n d u c ted  in  sm a l le r  g eo g rap h ic  

a re a s  m u s t em ploy more q u a n tif ied  g ra d ie n ts  th a n  broad  reg io n a l  s tu d ie s  

w here  m ajor g ra d ie n ts  a re  more o b v io u s .  P re se n t  sy s te m s  of g rad ie n t  

a n a ly s i s  d ev e lo p ed  by W h ittak e r  and  o th e rs  favor u s e  of one  or two 

m ajor g ra d ie n ts  . There is  a need  to  d e v e lo p  m ethods to  q u a n t i ta t iv e ly  

a s s e s s  th e  im portance  of more th a n  two env ironm enta l  g ra d ie n ts  in  

v e g e ta t io n -e n v iro n m e n t  s t u d i e s . M u l t iv a r ia te  s t a t i s t i c a l  m ethods su ch  

a s  p r in c ip a l  com ponent a n a ly s i s  and m u ltip le  r e g re s s io n s  shou ld  a id  in  

th e  u n d e rs tan d in g  of m u lt id im en s io n a l  sy s te m s  .

B ecause  th e  v e g e ta t io n  and env ironm ent a re  so  d if fe ren t  b e tw een  

th e  s lo p e s  and f lo o d p la in ,  th ey  proved to  be u se fu l  c r i te r ia  in  ev a lu a t in g  

th e  r e l ia b i l i ty  of th e  r e s u l t s  of th e  o r d in a t io n s ,  m u lt ip le  r e g re s s io n  

a n a l y s e s ,  and th e  b iv a r ia te  c o m b in a t io n s .  R esu lts  from t h e s e  te c h n iq u e s  

show  group ings  of f lo o d p la in  v e g e ta t io n  and env ironm enta l p a ram ete rs  

s e t  ap a r t  from th o s e  on  th e  s lo p e s  . This p rov ides  a d d i t io n a l  e v id en c e  

th a t  th e  c o r re la t iv e  a p p ro ach  a s  u se d  he re  c a n  produce  p a t te rn s  of v e g e 

ta t io n  in  r e la t io n  to  env ironm ent th a t  a re  b io lo g ic a l ly  m e a n in g fu l . In s te ad  

of pu rsu in g  d i re c t  or in d ir e c t  g ra d ie n t  a n a ly s i s  s in g ly ,  bo th  w ere  u s e d  to  

re v e a l  v e g e ta t io n -e n v iro n m e n t  re la t io n s h ip s  in  th e  p re s e n t  s tu d y .  The 

tw o a p p ro a c h e s  w ere  b rough t to g e th e r  by  m eans  of tw o -d im e n s io n a l
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m odels  (b ivaria te  co m bina tions)  of env ironm enta l  p a ram ete rs  s e le c te d  by- 

m u ltip le  r e g re s s io n  a n a l y s i s .

Q uan tif ied  g ra d ie n t  a n a ly s e s  should  be th e  f i r s t  s te p  in  th e  

e lu c id a t io n  of s e v e ra l  "p ro c e s s  s tu d ie s "  in  th e  c o n te x t  of th e  g enera l  

s y s te m s  a p p ro a c h .  Such s tu d ie s  invo lve  th e  a s p e c t s  of p ro d u c t iv i ty ,  of 

s e a s o n a l  and an n u a l  w a te r  and n u tr ien t  f lu x e s  th rough  r a in f a l l ,  s tem flow  

and th ro u g h fa ll  i n p u t s , and th e  an n u a l  in c rem en ts  in  th e  p roduc tion  of 

l i t t e r .

In te rc e p t io n  and  re te n t io n  of ra in  w a te r  by  t r e e  c a n o p ie s  i s  im por

ta n t  b e c a u s e  i t  l im its  inpu t of w a te r  in to  th e  s o i l .  C o n se q u e n t ly ,  w a te r  

in te rc e p te d  by  t re e  c a n o p ie s  and l a t e r  e v ap o ra ted  is  u n a v a i la b le  for p lan t 

g ro w th . W ate r  he ld  by th e  can o p y  a s  a r e s u l t  of in te rc e p t io n  of ra in fa l l  

i s  not a co m p le te  lo s s  b e c a u s e  th e  energy  u se d  to  e v ap o ra te  i t  c an n o t be 

u s e d  to  e v ap o ra te  w a te r  from th e  so il  (C lem en ts ,  1971). In te rc e p t io n  

ra n g e s  from 6 to  48% h av e  b e en  repo rted  for hardw oods in  th e  e a s te rn  

U nited  S ta te s  (K ittredge , 1948). Values de te rm ined  in  th e  p re s e n t  s tudy  

(bur o a k ,  11.4% ; g reen  a s h ,  12.3%; and b a s s w o o d ,  2 9.3%) a re  w ith in  

th is  r a n g e .  The r e la t iv e ly  la rg e  am ount of in te rc ep t io n  by th e  b a ssw o o d  

c an o p y  m ay h av e  som e b ear ing  on th e  c o n sp ic u o u s  la c k  of u n d e rs to ry  

and ground c o v e r  o b se rv ed  under  t h e s e  t r e e s . Although th e  re d u c t io n  of 

l ig h t  by th e  d e n se  c a n o p ie s  s eem s  to  be th e  m o s t obv ious  e x p la n a t io n ,  

th is  may not be  th e  c a s e .

The to ta l  am ount of w a te r  su p p lied  to  so il  a s  s tem flow  c o n tr ib u t

ed l e s s  th a n  1% of th a t  su p p l ie d  by th roughfa ll  under  th e  th re e  t re e
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s p e c ie s  s tu d ie d .  S tem flow v a lu e s  of from 0 .5  to  8 .7%  of th e  n e t annua l 

th ro u g h fa ll  a re  repo rted  for hardw oods in  th e  e a s te rn  U nited  S ta te s  

(Helvey and P a t r i c , 1965). W hile  s tem flow  d o e s  not a cc o u n t  for a la rg e  

inpu t of w a te r  to  th e  fo re s t  f lo o r ,  i t  d o es  su p p ly  w a te r  and  n u tr ien ts  to  a 

lo c a l iz e d  reg ion  around th e  t r e e .  H igher l e v e l s  of o rg an ic  carbon  and 

e x c h a n g e a b le  p o ta ss iu m  and low er pH hav e  b e en  show n to  r e s u l t  from 

s tem flow  w a te r  in  so il  around tru n k s  of Am erican b e e c h  (G ersper and 

H o lo w ay ch u k , 1971).

A lthough th e  sm all  am ounts  of s tem flow  c o l le c te d  from th e  bur oak  

trunk  w ere  p a r t ia l ly  a t t r ib u te d  to  th e  le a k a g e  by  th e  c o l le c t in g  g i r d l e , 

th i s  l o s s  cou ld  a l s o  be a t t r ib u te d  to  th e  rough te x tu re  of th e  oak  b a rk .

In t r e e s  w ith  rough b a rk ,  w a te r  d rops from p ro je c t io n s  of bark  in s te a d  of 

flow ing dow n i t  (Helvey and P a t r ic ,  1965). G e rsp e r  and H olow aychuk

(1971) a t t r ib u te d  th e  sm all am ount of s tem flow  c o l le c te d  from w h ite  oak  

to  i t s  rou g h , f i s s u re d  b a rk .

R esu lts  of th e  p re s e n t  s tu d y  show  th a t  a l te r a t io n  of ra in fa l l  by 

t re e  c a n o p ie s  d o e s  o ccu r  and th e  a l te ra t io n  is  d if fe ren t  for e ach  s p e c ie s  

s tu d ie d .  Rain fa l l in g  th rough  le a v e s  p ick s  up m in e ra ls  in  two w ays:

(1) w ash in g  of th e  d u s t  from le a f  s u r fa c e s  and  (2 ) le a c h in g  from th e  le a f  

t i s s u e s .  C a r l i s l e ,  Brown, and W hite  (1966) were r e lu c ta n t  to  po in t out 

th a t  en richm ent w as  due  to  le a c h in g  of l e a v e s  b e c a u s e  of th e  p o s s ib i l i ty  

th a t  m a te r ia ls  cou ld  hav e  b een  w a sh e d  from le a f  s u r f a c e s .  A ttiw ill 

(1966), h o w ev er ,  s u g g e s ts  th a t  d u s t  added  to  the  c a n o p ie s  a l s o  fa l ls  

th rough  in to  th e  ra in  g u a g es  . T h e re fo re , any  d i f f e re n c e s  in  en richm en t
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is  a t t r ib u ta b le  to  a l te ra t io n  by th e  c a n o p i e s .

Two m ain k inds  of ev id en c e  have  b e e n  g iven  for fo l ia r  le a c h in g .  

O n e , s tu d ie s  us ing  ra d io a c t iv e  t r a c e r s  by Thomas (1969), Tukey (1966), 

W ith e rsp o o n  (1964), and o th e rs  h av e  shown th a t  ra d io a c t iv e  m inera l 

e lem en ts  a re  l e a c h e d .  S e c o n d ly ,  c h a n g e s  in  io n ic  r a t io s  in  ra in fa l l  a f te r  

i t  p a s s e s  th rough  th e  c an o p y  p rov ides  fu r ther  ev id en c e  for fo l ia r  l e a c h in g .  

By com paring  ra t io s  of ions  in ra in fa l l  be fo re  and a f te r  it  p a s s e d  th rough  

t re e  c a n o p ie s ,  A ttiw ill (1966) c o n c lu d ed  fo l ia r  le a c h in g  d o es  o c c u r .

The order of rem oval of m inera l e lem en ts  from g ro s s  ra in fa l l  by 

th e  c a n o p ie s  is  a s  fo llow s: (1) bur o a k ,  p o ta ss iu m  >  m a g n e s iu m > p h o s -  

p h o ru s > c a lc iu m > s o d iu m  , (2 ) g reen  a s h ,  p o t a s s i u m > c a l c i u m p h o s 

phorus >  sodium  >  m agnesium  , and (3) b a s s w o o d ,  p o ta ss iu m  >  c a lc iu m >  

m agnesium  >  phosphorus  . W hethe r  t h e s e  c h a n g e s  a re  c a u s e d  by  fo lia r  

le a c h in g  is  unknow n, bu t c h a n g e s  in  ra t io s  of th e s e  ions  s tro n g ly  s u g g e s t  

th a t  fo l ia r  le a c h in g  is  o c cu r r in g .  The s e q u e n c e  of rem oval of th e  m inera l 

e lem en ts  from tre e  c a n o p ie s  (shown above) d o e s  not in c lu d e  sodium  for 

b a ssw o o d  or s u l f a te s  for a l l  th re e  s p e c ie s  b e c a u s e  th e  c a n o p ie s  ta k e  up 

t h e s e  e l e m e n t s .

I n te r e s t in g ly ,  p o ta s s iu m ,  w hich  is  removed in  la rg e  am ounts  by 

a l l  th re e  s p e c ie s  s tu d ie d ,  i s  in sh o rt  su p p ly  in  th e  s o i l .  It a p p ea rs  th a t  

p o ta ss iu m  p la y s  an  im portan t ro le  in  th e  n u tr ien t  b u d g e t  of th is  e c o s y s te m .

The n a tu re  of th e  su r fa ce  of th e  le a v e s  h a s  an  in f lu en c e  on l e a c h 

in g .  Tukey (1966) h a s  show n th a t  l e a v e s  w ith  w axy su r fa c e s  a re
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d if f icu l t  to  w et and a re  l e s s  s u s c e p t ib le  to  le a c h in g  l o s s e s  . Bur oak  

and g re e n  a s h  l e a v e s ,  b e c a u s e  of th e i r  w axy  s u r f a c e s ,  have  l e s s  in te r 

c e p t io n  of g ro s s  ra in fa l l  and l e s s  en richm ent of th roughfa ll  th an  b a s s 

w o o d . The d e n s e n e s s  of th e  b a ssw o o d  c an o p y  a s  o p p o sed  to  s p a r s e n e s s  

of oak  and a s h  c a n o p ie s  p lay s  an  im portan t ro le  in  in c re a s in g  in te r c e p 

t io n  .

Total in p u t of m inera l e lem en ts  by  th roughfa ll  and s tem flow  w as  

b a se d  on sam p le s  c o l le c te d  from M ay 18 to  O c tober 15, 1971. This 

c o in c id e s  w ith  th e  period from befo re  th e  le a v e s  a p p ea red  to  sho rtly  

a f te r  l e a f  f a l l . About th re e - fo u r th s  of th e  y e a r ly  ra in fa l l  o ccu rs  during 

th is  p e r io d .  L ess  m inera l e lem en ts  a re  added  to  th e  e c o s y s te m  by snow  

th a n  by  r a in .  H o w ev er ,  in p u t of m in e ra ls  d o e s  o c cu r  from O ctober 15 to  

M ay 18, in d ic a t in g  th a t  th e  to ta l s  repo rted  here  r e p re se n t  an  u n d e re s t im a 

t io n  of th e  annual t o t a l .

C om parab le  d a ta  for n u tr ien t  inpu t by  th roughfa ll  and s tem flow  

for th e  s p e c ie s  s tu d ie d  he re  a re  l a c k in g .  R einers  (1972) s tu d ie d  annual 

inpu t by  th roughfa ll  in  oak  fo r e s ts  (Quercus e l l ip s o id a l i s  and Q .  a lba)  in 

e a s t - c e n t r a l  M in n e s o ta .  He rep o r ts  a n n u a l  inpu t of c a lc iu m , m ag n es iu m , 

and  p h o sphorus  to  be 7 . 6 ,  3 . 1 ,  and  0 .8  k g / h a . By in c lu d in g  s tem flow , 

th e s e  v a lu e s  a re  e s t im a te d  by R einers  to  in c r e a s e  by  ab o u t 10%. R esu lts  

from th e  s i t e s  in  th e  Biology Area in  k g / h a ,  show  th e  fo llow ing  range: 

p h o sp h o ru s ,  0 .8  to  1 .8 ;  p o ta ss iu m  , 10 .9  to  1 8 .6 ;  c a lc iu m ,  3 .9  to  7 .1 ;  

m ag n es iu m , 1 .3  to  2 .7 ;  and  sod ium , 17 .3  to  2 0 . 7 .  G ro ss  ra in fa l l  m e a s 

ured by  R einers  (1972), 62 .4 cm , w as  n e a r ly  tw ic e  a s  much during  th e
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sam e le n g th  of c o l le c t in g  period  a s  in  th e  p re s e n t  s tu d y  (35.2 cm ). 

S im ila r ly ,  c a lc iu m ,  m ag n es iu m , and  phosphorus  le v e l s  a re  a lm o s t  tw ic e  

a s  h igh  in  th e  oak  fo re s t  in M in n eso ta  a s  under th e  oak  c an o p y  h e re .

A c o n s id e ra t io n  of su l fa te  l e v e l s  in  ra in  w a te r  i s  im portan t b e 

c a u s e  su lfu r  i s  an  e s s e n t i a l  e lem en t requ ired  for p la n t  g ro w th . High 

le v e l s  in d ic a te  a ir  p o l lu t io n .  The s u lfa te  in  th e  a tm o sp h ere  m ay o r ig in 

a te  by o x id a tio n  of hydrogen  su lf id e  from o rgan ic  com pounds or from 

su lfu r  d io x id e  a s  a r e s u l t  of burning of fu e ls  (coa l,  o i l ,  and g a s)  c o n ta in 

ing s u l f i d e s . Sulfur d io x id e  r e a c t s  w ith  oxygen  and hydrogen  in  th e  a ir  

to  form su lfu ric  a c id .  As de te rm ined  h e re ,  le v e l s  of su l fa te  in  ra in fa l l  

a re  red u ced  by t re e  c a n o p ie s  (p o ss ib ly  fo l ia r  a b so rp t io n ) .  This s u g g e s ts  

th a t  t h e s e  s p e c ie s  may h av e  a m odifying e f fe c t  in  purify ing  th e  a i r .

There is  need  for fu r ther s tu d y  of in p u t of ra in fa l l  and d u s t fa l l  

b e c a u s e  to g e th e r  th e y  prov ide  a s u b s ta n t ia l  pool of n u tr ien ts  re a d i ly  

a v a i la b le  to  p l a n t s . Further s tu d ie s  a re  needed  on a l te ra t io n  of the  

ch em ica l  co m p o si t io n  of ra in  w a te r  by  t re e  c a n o p ie s  for prov id ing  in fo rm a

t ion  on n u tr ien t  p h y s io lo g y  of e a c h  s p e c ie s  .

L i t te r fa l l  r e p re s e n ts  a n o th e r  im portan t so u rce  of n u tr ien ts  , a l 

though  not im m ed ia te ly  a v a i l a b l e ,  for p la n t  g ro w th . The to ta l  w e igh t of

2
l i t t e r  produced  in  th e  p lo ts  s tu d ie d  ranged  from 24 7 to  2 65 g /m  . In 

c lu s io n  of th e  w in te r  in c re m e n t ,  e s t im a te d  to  be 2 0% of th e  m easu red
2

w oody l i t t e r f a l l ,  i n c r e a s e s  v a lu e s  from 7 to  10 g /m  . A com p ara tiv e
2

v a lu e  for tem p e ra te  fo re s ts  of 463 g /m  in  an  oak  fo re s t  in  M in n eso ta
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is  repo rted  by  R einers  and R einers  (19 70). Low l i t t e r  p roduc tion  in  th e  

F o re s t  River Biology Area is  in  part due  to  th e  low  v e g e ta t io n  d e n s i t y .  

The t r e e  d e n s i ty  is  abou t o n e -h a l f  th a t  of th e  oak fo re s ts  s tu d ie d  by 

R einers  and  R einers  (1970). L oca ted  a t  h ig h e r  l a t i t u d e ,  th e  s tu d y  a rea  

r e c e iv e s  l e s s  s o la r  energy  th a n  m id - l a t i tu d e s .  R ainfall during  th e  grow 

ing s e a s o n  is  low  and a p p ea rs  to  be  an  im portan t fa c to r  in  the  am ount of 

l i t te r f a l l  p ro d u c e d .

Although to ta l  l i t t e r  p roduc tion  is  s im ila r  in  th e  th ree  s i t e s ,  th e  

am ounts  of m ineral e lem en ts  co n tr ib u ted  by  l i t te r f a l l  in e ac h  v a r ie s  c o n 

s id e r a b ly .  For e x am p le ,  in p u t of c a lc iu m , p o ta s s iu m ,  and phosphorus  

under b a ssw o o d  w as  b e tw ee n  one and o n e -h a l f  to  tw o tim es  th a t  of bur 

o a k ,  w h ile  th a t  of g reen  a s h  w as  in te rm ed ia te  to  th e  o th e r  tw o .  W hile  

to ta l  w e igh t of l i t t e r  p roduc tion  is  low  com pared  to  o th e r  repo rted  v a lu e s  

from d e c id u o u s  f o r e s t s , th i s  is  not true  for inpu t of m inera l e l e m e n t s , 

e s p e c ia l l y  c a lc iu m ,  by l i t t e r f a l l .  C alc ium  le v e l s  ranged  from 3 5 .9  to  

6 1 .4  k g /h a  a s  com pared  to  4 9 .6  k g /h a  in  oak  fo re s ts  in M in n eso ta  

(Reiners and R e in e rs ,  19 70) and 1 9 .8  k g /h a  in  b e e c h  fo re s ts  in  Sw eden 

(N ihlgard , 1972). C alcium  is  ve ry  a b u n d an t in  s o i l s  h e r e .  L evels  of 

sodium  in  l i t te r f a l l  is  ve ry  low  (0.1 to  0 .2  k g /h a )  com pared  to  17 .0  

k g /h a  reported  by W oodw ell and W h it ta k e r  (1967) in  an  o a k -p in e  fo re s t  

in  New York. Iron and m a n g an e se  le v e l s  in l i t t e r  a re  not f req u en tly  

r e p o r te d .  Values he re  a re  low  (iron, 0 .5  to  0 .6 ;  m a n g a n e s e ,  0 .7  to  0 .9  

k g /h a )  com pared  to  th o s e  (iron, 4 .5 ;  m a n g a n e s e ,  7 .0  k g /h a )  in  b e e c h  

fo re s ts  in  sou th  Sw eden (N ihlgard , 1972). N e ith e r  of t h e s e  n u tr ien ts
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seem s  to  be in  short  supp ly  in s o i l s  s tu d ie d  in  th e  F o re s t  River Biology 

A re a .

The am ount of th e  m ost ab u n d an t m inera l e lem en ts  in  l i t t e r  c o l 

le c te d  during th i s  s tu d y  is  a s  fo llow s: c a lc iu m > p o ta s s iu m > m a g n e s iu m >  

phosphorus  . This o rder i s  th e  sam e a s  th a t  repo rted  for d e c id u o u s  fo re s ts  

in  R u ss ia  (Rodin and  B az i le v ic h ,  1967).

Input of m inera l e lem en ts  in to  fo re s t  floors  on a long term b a s i s  

c an  be  a cc o u n te d  for by  m easu ring  co n tr ib u t io n s  by  bo th  ra in fa l l  and 

l i t t e r f a l l . It i s  th is  ra te  of inpu t w hich  is  im portan t in  m a in ta in ing  a 

m obile  pool from w hich  p la n ts  c an  o b ta in  n u tr ien ts  e s s e n t i a l  for g row th . 

Reported to ta l  in p u t of m inera l e lem en ts  by com bined  th ro u g h f a l l , s te m -  

f lo w , and l i t te r f a l l  r e f le c t  th e  annual ra te  of th e  n u tr ien t  c y c l e .  Total 

inpu t of c a lc iu m , p o ta s s iu m ,  m ag n es iu m , p h o sp h o ru s ,  and sodium  in 

k g /h a  w ith in  th e  th ree  s i t e s  range  from 3 9 .8  to  6 8 .4 ,  2 2 .5  to  3 7 .6 ,  8 .8  

to  9 . 9 ,  5 .6  to  1 0 .6 ,  and 17 .5  to  2 0 . 8 ,  r e s p e c t iv e ly .  The v a lu e s  of 

t h e s e  m inera l e lem en ts  reported  by  N ihlgard  (1972) in  th e  b e e c h  fo re s ts  

are  3 3 . 7 ,  3 5 . 9 ,  8 . 3 ,  5 . 2 ,  and 2 2 . 6  k g / h a , r e s p e c t iv e ly .  C om parisons  

of s im ila r  v a lu e s  in  an  oak  fo re s t  in  M in n eso ta  (R einers, 1972) a re  a v a i l 

ab le  for on ly  th ree  m inera l e lem en ts  . These  le v e l s  in  k g /h a  a re  a s  fo l 

lo w s:  c a lc iu m ,  5 8 . 2 ;  m ag n es iu m , 1 3 .5 ;  and p h o sp h o ru s ,  6 . 2 .  In the  

Biology A re a , l e v e l s  of ca lc iu m  a re  h ig h e r ,  o th e r  l e v e l s  of e lem en ts  a re  

s im ila r  to th e  a fo rem en tioned  s tu d ie s  .

C o n s id e ra b le  inpu t of n u tr ien ts  h a s  b een  d em o n s tra ted  by  both  

ra in fa l l  and l i t t e r f a l l . F a ilu re  to  in c lu d e  bo th  in  fu tu re  s tu d ie s  would
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re s u l t  in  a s e r io u s  u n d e re s t im a te  of n u tr ien t  in p u t .  In a d d i t io n ,  in c r e 

m ents  added  by h e rb a ce o u s  l i t t e r  and a l te ra t io n  of ra in w a te r  by th is  

s tra tum  should  be  ta k e n  in to  c o n s id e ra t io n  in  a s s e s s i n g  th e  ra te  of 

nu tr ien t  in p u t .  By expand ing  th is  ap p ro ach  to  in c lu d e  n u tr ien t  u p ta k e  by 

v e g e ta t io n ,  n u tr ien t  inpu t by  d e ca y in g  r o o t s ,  and  le a c h in g  l o s s e s  from 

th e  fo re s t  f lo o r ,  th e  n u tr ien t  b udge t for th i s  fo re s t  e c o s y s te m  c a n  be 

e s t a b l i s h e d .
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APPENDIX A

L is t  of S p e c ie s  O ccurring 
in  40 P lo ts  Studied

VASCULAR PLANTS

Acer nequndo L .
A ctaea  rubra  (A it.)W illd .
A g as tach e  foen icu lum  (Pursh)K tze. 
Aqropyron t rach y cau lu m  (Link)Malte 
A grostis  sca b ra  W i l ld .
A m elanch ier  a ln i fo l ia  N u t t .
Amorpha c a n e s c e n s  Pursh 
Amphicarpa b ra c te a ta  (L .)Fern . 
Anemone c a n a d e n s i s  L .
A . v irq in ian a  L .
Apocynum androsaem ifo lium  L . 
A quileg ia  c a n a d e n s i s  L .
Arabis h i r s u ta  (L .)Scop .
A ralia  n u d ic a u l is  L .
Arctium m inus (Hill)Bernh.
A risaem a a tro ru b en s  (Ait.)Blume 
A ster s a g i t t i fo l iu s  W ed e m .
Avena fa tu a  L .
B e tu i a papy rife ra  M a r s h .
Botrychium v irg in ianum  CL.)Sw. 
Bromus inerm is  L e y s s .
C arex  a s s in ib o in e n s i s  W . Boott 
C_. d ew ey an a  S ch w e in .
C_. eburnea  Boott
Cl. p e ck i i  Howe
C .  p e n n sy lv a n ic a  Lam.
CO ro s e a  Schkuhr.
CO sax im o n tan a  M ac k .
C .  sp re n g e l i i  D ew .
CO te ta n ic a  S chkuhr.
C e la s t ru s  s c a n d e n s  L .
C o ra llo rh iza  m acu la ta  Ra f .
C ornus s to lo n ife ra  M ich x .
C ory lus  a m ericana  W a l t .
C .  cornuta  M a rsh .
C ra ta e g u s  c h ry so ca rp a  Ashe 
Elymus v irg in icu s  L .
E_. v i rg in icu s  v a r . su bm uticus  H o o k .
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Erlgeron g la b e l lu s  N u tt .
F e s tu c a  o b tu sa  B ieh ler .
F ragaria  v irg in ian a  D u c h esn e
Frax inus p e n n sy lv a n ic a  M a rsh ,  v a r .  sub in teqerr im a  

(Vahl)Fern.
Galium  ap a r in e  L.
G .  b o re a le  L.
G . triflorum  M ich x .
H e l io p s i s  h e l ia n th o id e s  (L .)Sweet 
Humulus lu p u lu s  L .
Hydrophyllum  v irg in ianum  L .
H y s tr ix  p a tu la  M o en ch .
Laportea  c a n a d e n s i s  (L .)W edd.
Lappula  c e n c h ru s o id e s  A. N els  .
Lathyrus o c h ro le u cu s  H ook .
Leonurus c a r d ia c a  L .
Lithosperm um  in c isu m  L eh m .
L onicera  d io ic a  L .
M aianthem um  c a n a d e n s e  D e s f .
M enisperm um  c a n a d e n s e  L .
M onarda f i s tu lo s a  L .
N epe ta  c a ta r ia  L .
O ry zo p sis  a s p e r i fo l ia  M ich x .
O.. ra cem o sa  (Sm.)Ricker 
O sm orhiza  lo n g is ty l i s  (Torr.)D C.
Os try  a v irg in ian a  (Mill)K. K och .
O x a lis  eu ro p aea  Jo rd .
P a r th e n o c is s u s  in s e r ta  (Kerner)K. F r i tsc h  
Phyrma le p to s ta c h y a  L .
Poa p ra te n s is  L .
Polygonatum  c an a l ic u la tu m  (M uhl.)P ursh  
Populus trem u lo id e s  M ic h x .
P ren an th es  a lb a  L .
Prunus p e n n sy lv a n ic a  L .
P . v irg in ian a  L .
Pyrola secu n d a  L .
Q uercus  m acrocarpa  M ic h x .
Rhus ra d ic a n s  L. v a r .  rydberg ii (Small)Rehd.
Ribes am ericanum  M i l l .
R. m is so u r ie n se  N u tt .
Rosa b lan d a  A i t .
Rubus id a e u s  L .
Rudbeckia  l a c in ia ta  L .
S an icu la  m ari lan d ica  L .
S c h iz ac h n e  p u rp u ra sce n s  (Torr jS w a l l e n  
Scrophu laria  la n c e o la ta  Pursh 
S m ilac ina  rac em o sa  (L .)D esf .
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S . s t e l l a t a  (L .)D esf .
Sm ilax h e rb a c e a  L .
Solidago g iq a n te a  A i t .
_S. n em ora lis  A i t .
S phenopho lis  in te rm ed ia  R ydb .
S te l la r ia  lo n g ifo lia  M u h l .
Sym phoricarpos a lb u s  (L.)Blake
S . o c c id e n ta l i s  H ook .
Taraxacum  o f f ic in a le  W eber 
Thalic trum  dasy ca rp u m  F is c h .  & L a l l .
T. venu losum  T r e l .
T ilia  a m er ican a  L .
Trillium cernuum  L .
Ulmus a m er ican a  L .
U rtica  p rocera  M u h l .
Viburnum len ta q o  L .
V. ra f in esq u ian u m  S ch u lte s  v a r .  a f f in e  (Bush)House 
V. trilobum  M a rsh .
Vicia am er ican a  M u h l .
V. a n q u s t i fo l ia  Reichard 
Viola p a p i l io n a c e a  Pursh 
V. p e n n sy lv a n ic a  M ich x .
V. ru g u lo sa  G reene  
Vitis v u lp ina  L .
Z iz ia  au rea  (L.)Koch

MOSSES

Am blysteqium  se rp en s  (H edw .)B . S . G .
Anomodon minor (H ed w .)F u rn r .
Brachythecium  s p .
Cam pylium  h isp idu lum  v a r .  som m erfe ltii  (M yr.)L indb . 
F ru llan ia  s p .
L esk ea  a re n ic o la  Best 
Mnium c u sp id a tu m  H edw .
Orthotrichum  s te l la tu m  B rid .
P la ty d ic ty a  su b t i le  (Hedw.)Crum 
P y la is ie l la  p o lyan tha  (H edw .) Grout

LICHENS

C a lo p la c a  a u ra n t ia c a  (L ig h tf .)T h .F r .
C an d e la r ia  c o n co lo r  (D ick s .)B . S te in  
Parm elia  b o l l ia n a  M u l l . A rg .
_P. f la v en tio r  S t i r t .
P.. su b au r ife ra  N y l .
P . u lo p h y llo d es  (V ain .)Sav .
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P hysc ia  a ip o l ia  (Ehrh.)Hampe 
. e la e in a  (Sm .)A .L .Sm .
. g r i s e a  (Lam . )Z a h lb r .
. o rb ic u la r is  (Neck . )P o e tsc h  
. s t e l l a r i s  (L .)N yl.

Ram alina s in e n s i s  Ja tta
T e lo s c h is te s  ch ry so p h th a lm u s  (L .)T h .F r.
X anthoria  fa l la x  (Hepp)Arn.
X. po ly carp a  (Ehrh.)O liv
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APPENDIX B

P h y s ic a l  and C hem ica l A n a ly ses  of 
So ils  from 40 P lo ts  S tudied

E xp lana tion  of th e  sym bols  u se d :

I .  P h y s ic a l  a n a ly s e s  for e ac h  horizon

P = p lo t

H = horizon  (2 r e p re s e n ts  th e  humus layer)

RD = roo ting  dep th  in  cen t im e te rs

BD = bu lk  d e n s i t y ,  gram s per  cu b ic  c en t im e te r

1/3 = p e rc e n ta g e  w a te r  by w e igh t a t  1 /3  b a r  so il  w a te r  te n s io n

15 = p e rc e n ta g e  w a te r  by w e igh t a t  15 bar so i l  w a te r  te n s io n

1 /3 -1 5  = w a te r  r e te n s io n  c a p a c i ty ,  p e rc e n ta g e  w a te r  by w eigh t

AWC = a v a i l a b le  w a te r  c a p a c i ty  in  c e n t im e te rs  per c e n t im e te rs  
of so i l  d ep th

I I .  C hem ica l p ro p e r t ie s  for each  horizon  

P = p lo t 

H = horizon

D = ty p e  of d e te rm in a tio n

W = d e te rm in a tio n s  on w a te r - e x t r a c ta b le  f r ac t io n s  
for pH ; s p e c i f ic  c o n d u c t iv i ty ;  C a , N a , M g ,
K in  m il le q u iv a le n ts  per l i t e r

R = d e te rm in a tio n  of pH w ith  0 . 01  m olar C aC l^ 
and ammonium a c e t a t e - e x t r a c t a b l e  C a , N a ,
M g , K in  m il le q u iv a le n ts  per 100 gram s

C o n d . = s p e c if ic  c o n d u c t iv i ty  in m icrom hos per c en t im e te r

%OM= p e rc e n ta g e  o rgan ic  m a tte r



157

CEC = c a t io n  e x ch an g e  c a p a c i ty  in  mill e q u iv a le n ts  per 
100 grams

III . ED T A -extrac tab le  t ra c e  e lem en ts  in e a c h  horizon  in pa rts  
pe r  m illion

P = p lo t

H = horizon
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 1 -2 2 -0 0 .6 5 4 0 .3 2 9 . 8 1 0 .4 0 .1
0 1 -3 0 -2 0 1 .0 0 2 8 .6 1 4 .2 1 4 .4 2 .7 6 0 .7 1 5 .4 2 3 .8
0 1 -4 2 0 -4 5 1 .1 8 3 0 .8 1 2 .0 1 8 .7 5 .1 4 4 .3 2 7 .6 2 9 .9
0 1 -5 45—62 1 .2 0 2 4 .4 1 1 .0 1 3 .4 2 .5 5 0 .3 2 1 .3 2 8 .3

I I

P H D £H_ Cond. t m CEC Ca Na Mg K P

0 1 -2 W 7 .6 2 4 1 .4 1 7 .6 6 .0 3 .9 8 .2 5 .5 12 .0
0 1 -2 R 6 .6 9 3 .9 1 4 .2 0 .6 5 .4 1 .0
0 1 -3 W 7 .7 3 4 4 . 8 3 .4 4 .0 1.1 2 .6 0 .6 5 .0
0 1 -3 R 7 .3 9 0 .9 1 5 .5 0 .1 3 .5 0 .5
0 1 -4 W 7 .4 2 1 6 .0 1 .1 2 .6 1 .2 1 .8 0 .4 3 .0
0 1 -4 R 6 .9 5 5 .2 1 5 .4 0 .3 4 .2 0 .5
0 1 -5 W 7 .6 2 6 7 .0 1 .2 2 .7 0 .8 1 .4 0 .2 3 .0
0 1 -5 R 6 .7 4 8 .2 1 3 .5 0 .2 3 .7 0 .3

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 1 -2 1 .6 5 1 7 .0 1 2 .8 9 .7 3 0 3 .5 7 .0 1 7 9 .0 166 .5 4 .3
0 1 -3 1 .1 5 1 0 .5 5 .4 1 1 .1 1 8 4 .0 3 .0 1 5 5 .0 1 3 6 .0 4 .  1
0 1 -4 2 .2 1 5 9 .5 1 .8 2 . 8 3 5 .5 2 . 0 7 3 .0 5 6 .5 4 .3
0 1 -5 2 .3 80 . 5 1 .7 2 .3 2 5 .5 1 .5 7 2 .5 5 9 .5 3 .9

\
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I % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 2 -2 3 -0 0 .  8 4 3 .  1 3 4 .7 8 .4 0 .2
0 2 -3 0 -1 6 1 .0 0 3 6 .6 1 9 .5 1 7 .0 2 .6 5 3 .3 2 6 .1 2 0 .5
0 2 -4 16 -26 1 .0 8 2 8 .9 1 2 .3 1 6 .6 3 .2 5 2 .4 2 7 .2 2 0 .3
0 2 -5 2 6 -5 5 1. 14 2 3 .4 1 0 .4 1 3 .0 3 .9 4 7 .8 2 6 .3 2 5 .7

I I

P H D £H_ Cond. %0M CEC Ca Na Mg K P

0 2 -2 W 7 .6 362 1 4 .9 9 .1 4 .5 1 0 .4 8 .0 3 4 .0
0 2 -2 R 6 .9 113 .1 1 6 .0 l . l 5 .4 1 .2
0 2 -3 W 7 .7 405 CD * 5 .5 0 .8 3 .0 1 .3 1 1 .0
0 2 -3 R 7 .3 8 7 .3 2 1 .2 0 .6 4 .  1 0 .8
0 2 -4 W 7 .5 233 1. 5 2 .9 1 .3 1 .5 0 .9 1 .0
0 2 -4 R 6 .8 68. 8 1 2 .9 0 .4 3 .3 0 .9
0 2 -5 W 7 .8 267 1. 8 5 .7 0 .9 1 .5 1 .1 1 .0
0 2 -5 R 6 .7 6 4 .3 1 3 .7 0 .4 2 .9 0 .6

I I I

P H Sr Mn Zn Ni

0 2 -2 2 .0 5 1 5 .5 14. 8 8 .3
0 2 -3 1 .6 5 1 1 .5 1 0 .0 8 .3
0 2 -4 2 .3 3 2 4 .5 4. 1 3 . 7
0 2 -5 2 .5 1 2 8 .0 2 .3 2 .6

Fe Pb A1 Si Cu

1 9 3 .5 5 .5 1 1 5 .0 1 4 1 .5 7 .8
1 3 4 .0 2 .5 9 9 .0 1 5 0 .5 4 .8

4 3 .0 1 .5 8 8 .0 5 8 .5 3 .1
34. 0 0 .5 7 9 .0 6 2 .0 3 .7
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 3 -2 3 -0 0 .8 3 3 .8 2 6 .7 7 .1 0 .1
0 3 -3 0 -5 5 0 .9 3 3 2 .4 1 5 .2 17. 1 8 .7 6 4 .8 1 4 .6 2 0 .4
0 3 -4 5 5 -7 8 1 .1 2 2 5 .9 1 5 .4 1 0 .4 2 .6 5 6 .2 1 5 .3 2 8 .4

I I

P H D £H_ Cond. t m CEC Ca Na Mg K P

0 3 -2 M 7 .4 3 9 6 .6 12 .2 3 .0 3 .8 5 .0 6 .1 6 6 .0
0 3 -2 R 6 .2 1 1 7 .7 1 2 .0 0 .8 4 .0 1 .2
0 3 -3 W 7 .3 1 4 6 .6 5 .1 1 .2 1 .2 0 .7 0 .3 3 8 .0
0 3 -3 R 7 .3 82. 1 1 1 .8 0 .1 2 .5 0 .6
0 3 -4 W 7 .0 1 2 1 .0 0 .4 1 .0 0 .9 0 .6 0 .1 2 3 .0
0 3 -4 R 5 .6 5 8 .0 8 .6 0 .4 4 .2 0 .5

I I I  

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 3 -2 1 .6 5 1 6 .5 1 9 .8 9 . 1 4 7 3 .0 5 .0 2 3 1 .0 143 .5 5 .2
0 3 -3 1. 1 5 1 3 .0 2 1 . 0 1 0 .4 4 4 1 .0 4 .5 2 0 5 .0 146 .0 3 .7
0 3 -4 1 .0 5 1 1 .5 4 .4 9 . 5 3 8 0 .5 4 .5 2 5 4 .0 3 9 4 .5 3 .7
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 4 -2 3 -0 0 .7 66 . 7 3 7 .0 2 9 .6 0 .6
0 4 -3 0 -3 7 0 .7 6 2 9 .6 1 6 .7 1 2 .9 3 .5 6 3 .7 9 .6 2 6 .6
0 4 -4 3 7 -6 7 1 .13 2 8 .6 1 4 .4 1 4 .2 4 . 7 5 8 .3 1 8 .7 2 2 .9
0 4 -5 6 7 -6 8 1 .2 6 2 3 .4 1 3 .7 9 .6 0 .1 6 1 .3 1 2 .7 2 5 .9

I I

P H D £H_ Cond. $0M CEC Ca Na Mg K P

0 4 -2 W 7 .6 6 7 2 .4 1 7 .6 1 .0 3 .8 7 .  1 8 .5 5 5 .0
0 4 -2 R 6 .6 1 0 7 .9 1 6 .2 1 .0 4 .5 1 .5
0 4 -3 W 7 .4 2 4 1 .4 7 .9 2 .8 1 .1 2 .0 1 .3 6 8 .0
0 4 -3 R 7 .2 1 0 1 .7 1 6 .7 0 .5 3 .9 1 .4
0 4 -4 W 6 .6 9 5 .0 1 .3 0 .3 1. 1 0 .3 0 .2 2 6 .0
0 4 -4 R 5 .7 98 . 8 7 .7 0 .4 3 .3 0 .9
0 4 -5 W 6 .9 8 6 .0 0 .7 0 .5 0 .7 0 .3 0 .2 2 1 .0
0 4 -5 R 5 .6 5 6 .0 8 .0 0 .5 3 .9 1 .2

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 4 -2 1 .9 5 1 8 .0 2 1 .5 9 .4 383 . 0 6 .5 150 .0 148 .0 5 .6
0 4 -3 1 .2 5 1 5 .5 19 .1 8 .7 42 5 .5 4 .5 2 2 1 .0 1 5 3 .0 3 .2
0 4 -4 1 .0 5 1 6 .0 1 1 .6 1 4 .3 2 4 3 .0 4 .5 2 3 0 .0 3 0 6 .0 3 .7
0 4 -5 0 .9 5 1 3 .0 4 .0 1 2 .7 4 0 8 .0 4 . 0 2 2 5 .0 169 .5 3 .1
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 5 -2 3 -0 0 -6 5 3 9 .5 2 8 .2 1 1 .2 0 .2
0 5 -3 0 -5 2 0 .6 8 2 8 .2 1 7 .0 11 .2 3 .  9 6 9 .9 1 2 .1 1 7 .9
0 5 -4 5 2 -6 5 1 .0 0 1 7 .6 1 1 .0 6 .5 0 .8 7 5 .6 6 .1 1 8 .2

I I

P H D Cond. CEC Ca Na Mg K P

0 5 -2 W 7 .6 5 5 1 .7 2 1 .7 6 .4 3 .6 7 .1 6 .2 2 .0
0 5 -2 R 6 .2 L S I .  3 2 1 .0 1 .2 5 .8 1 .4
0 5 -3 W 7.1 1 0 3 .4 4 .1 0 .8 1 .3 0 .7 0 .3 2 .0
0 5 -3 R 7 .2 6 8 .7 1 5 .0 0 .2 3 .4 0 .8
0 5 -4 W 7. 1 1 1 2 .0 0 .6 1 .0 0 .8 0 .4 0 .  1 2 .0
0 5 -4 R 5 .5 2 5 .2 6 .6 0 .5 2 .9 0 .6

I I I  

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 5 -2 2 .4 5 1 8 .0 2 8 .1 9 . 9 4 9 8 .5 9 .5 '1 7 8 . 0 1 5 3 .0 6 .0
0 5 -3 1 .1 5 1 3 .5 1 5 .4 7 .5 5 4 1 .0 3 .5 2 8 6 .0 1 0 8 .5 3 .1
0 5 -4 1 .0 5 0 9 .5 3 .2 6 .9 4 3 7 .0 2 .5 2 1 2 .0 185 .5 3 .6
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

06—2 3 -0 0- 75 5 2 .0 4 0 .4 1 1 .6 0 .  1
0 6 -3 0 -1 2 0 .8 0 4 0 .1 2 0 .0 2 0 .0 1 .9 5 7 .9 1 7 .2 2 4 .8
0 6 -4 1 2 -27 0 .9 0 3 0 .9 13 .1 17 .7 2 .3 6 4 .4 1 0 .0 2 5 .4
0 6 -5 2 7 -5 6 1 .0 4 2 0 .6 1 2 .2 8 .3 2 .  1 6 6 .7 1 0 .1 2 3 .1

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

0 6 -2 W 7 .5 5 5 1 .7 2 1 .7 4 .6 4 .0 6 .4 7 .3 7 3 .0
0 6 -2 R 6 .1 1 5 1 .6 1 7 .2 0 .9 5 .4 1 .5
0 6 -3 W 7 .5 2 4 1 .4 8 .5 3 .6 1 .0 1 .8 0 .6 6 5 .0
0 6 -3 R 7 .1 110. 8 1 8 .8 0 .1 4 .2 0 .9
0 6 -4 W 6 .4 1 0 3 .0 2 .2 0 .4 1 .3 0 .3 0 .2 4 9 .0
0 6 -4 R 5 .1 104. 0 6 .3 0 .3 2 .8 0 .7
0 6 -5 W 6 .7 7 8 .0 0 .8 0 .4 0 .8 0 .2 0 .1 2 3 .0
0 6 -5 R 5 .0 4 7 .1 6 .8 0 .4 3 .0 0 .7

I I I

P E Sr Mn Zn Ni. Ee Pb A1 Si Cu

0 6 -2 2 .0 5 1 8 .5 2 6 .3 8. 8 5 5 0 .5 8. 0 198 .0 1 2 9 .0 5 .2
0 6 -3 1 .5 5 1 6 .5 2 4 .7 6 .9 4 8 9 .0 5 .0 2 1 8 .0 1 2 7 .5 3 .3
0 6 -4 0 .9 5 1 5 .0 4 .  8 7 .4 5 0 2 . 0 3 .5 2 6 2 .0 1 6 6 .0 2 .3
0 6 -5 1 .0 5 1 2 .0 1 .9 7 .2 4 0 6 .0 3 .0 2 5 4 .0 3 8 6 .0 2 .1
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 7 -2 2 -0 0 .7 5 5 1 .4 4 1 .8 9 .6 0 .1
0 7 -3 0 -1 4 0 .8 9 3 8 .4 1 7 .3 2 1 .0 2 .5 5 5 .4 1 9 .7 2 4 .8
0 7 -4 14 -26 0 .9 2 2 8 .5 1 4 .3 1 4 .2 1 .5 5 7 .7 1 6 .0 2 6 .1
0 7 -5 2 6 -6 5 1 .0 8 2 3 .0 1 0 .7 1 2 .2 3 .5 5 1 .5 2 2 .7 2 5 .7

I I

P H D e h _ Cond. t m CEC Ca Na Mg K P

0 7 -2 W 8 .0 6 0 3 .4 25. 0 6 .0 2 .4 6 .6 8 .6 5 8 .0
0 7 -2 R 6 .8 1 2 7 .8 2 1 .2 0 .6 5 .1 1 .4
0 7 -3 W 7 .7 3 2 7 .6 9 .2 4 .9 3 .2 2 .0 1 .5 6 1 .0
0 7 -3 R 7 .3 9 7 .1 2 1 .9 0 .5 3 .8 1 .3
0 7 -4 W 7 .1 2 1 6 .0 1 .5 0 .9 1 .4 0 .9 0 .9 5 2 .0
0 7 -4 R 6 .4 7 0 .4 8 .6 0 .3 3 .3 1 .1
0 7 -5 W 7 .3 2 1 6 .0 1 .0 1 .6 1 .4 0 .7 0 .6 2 2 .0
0 7 -5 R 6 .5 6 8 .9 12 .1 0 .4 3 .4 0 .9

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 7 -2 2 .  1 5 1 7 .0 2 7 .8 8 .3 3 2 2 .5 6 .5 1 2 7 .0 1 3 6 .5 5 .6
0 7 -3 1 .7 5 1 3 .5 2 1 .1 9 .5 5 2 1 .5 4 .5 154 .0 1 4 5 .5 4 .0
0 7 -4 1 .2 5 1 4 .0 5 .2 1 6 .8 2 9 2 .7 4 .5 2 3 2 .0 1 5 7 .0 3 .2
0 7 -5 1 .9 3 2 3 .0 1 .8 4 . 0 8 9 .0 1 .5 8 9 .0 7 7 .5 7 .2
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I  % water "by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 8 -2 2 -0 0 .6 50 . 8 3 7 .5 1 3 .3 0 . 1
0 8 -3 0 -2 8 0 .6 7 3 4 .7 2 1 .3 1 3 .3 2 .4 6 9 .3 1 3 .6 1 7 .0
0 8 -4 2 8 -4 6 1. 19 1 1 .4 7 .5 3 .9 0 .7 7 4 .2 7 .5 1 8 .1

I I

P H D Cond. %0M CEC Ca Na Mg K P

0 8 -2 W 8 .1 4 4 8 .3 2 0 .3 4 .5 2 .4 6 .7 4 .9 4 7 .0
0 8 -2 R 6 .9 1 2 1 .3 2 0 .2 0 .8 5 .4 1 .0
0 8 -3 W 7 .7 2 5 8 .6 6 .5 3 .5 1 .0 1 .7 0 .5 2 7 .0
0 8 -3 R 7 .3 6 7 .8 1 9 .7 0 .1 4 .0 0 .6
0 8 -4 W 7 .3 1 8 1 .0 0 .9 2 .0 0 .8 0 .8 0 .2 5 .0
0 8 -4 R 6 .6 1 6 .9 1 1 .4 0 .4 2 .4 0 .4

I I I

P K Sr Mn Zn Ni Fe Pb A1 Si Cu

0 8 -2 1 .9 5 1 5 .5 2 1 .1 8 .4 3 1 3 .5 5 .5 118 .0 1 3 8 .5 4 .6
0 8 -3 1 .4 5 1 1 .0 1 9 .1 6 .1 2 8 9 .0 2 .5 1 4 0 .0 1 0 5 .5 3 .1
0 8 -4 1 .7 2 3 8 .5 1 .9 2 .0 5 6 .5 0 .5 9 0 .0 5 1 .0 2 .1
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

0 9 -2 1 -0 0 .6 4 5 .1 3 2 .4 1 2 .7 0 .0
0 9 -3 0 -1 4 0 .6 6 3 7 .0 17. 5 1 9 .5 1 .8 6 0 .2 1 4 .8 2 4 .9
0 9 -4 14-41 0 .  81 2 5 .5 1 2 .1 1 3 .4 ' 2 .9 6 7 .8 1 4 .4 1 7 .6
0 9 -5 4 1 -6 5 1 .11 16. 8 1 1 .2 5 .5 1 .4 7 4 .1 7 .6 1 8 .2

I I

P H D PH Cond. %0M CEC Ca Na Mg K P

0 9 -2 W 7 .7 396. 6 1 9 .0 3 .8 4 .1 6 .0 5 .6 7 3 .0
0 9 -2 R 6 .5 1 0 1 .0 1 5 .3 0 .8 4 .4 1 .1
0 9 -3 W 7 .7 2 5 8 .6 8 .2 4 .1 1 .0 1 .9 0 .8 7 1 .0
0 9 -3 R 7 .3 8 5 .2 2 0 .8 0 .9 4 .3 1 .0
0 9 -4 W 6 .7 9 5 .0 2 .0 0 .3 1 .2 0 .3 0 .2 5 6 .0
0 9 -4 R 5 .8 81. 8 6 .8 0 .3 3 .0 0 .8
0 9 -5 W 6 .8 6 0 .0 1 .0 0 .5 0 .6 0 .2 0 .1 4 0 .0
0 9 -5 R 5 .2 4 2 .8 6 .3 0 .5 3 .1 0 .6

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

0 9 -2 1 .7 5 1 7 .5 13. 1 8 .4 4 8 1 .5 6 .0 1 8 2 .0 1 3 6 .0 4 .4
0 9 -3 1 .6 5 1 6 .5 9 .2 8 .3 4 6 7 .1 4 .5 1 8 8 .0 1 5 4 .5 2 .6
0 9 -4 0 .9 51 5 . 5 3 . 5 8 .6 5 4 3 .5 2 .5 2 6 7 .0 2 3 6 .5 2 .3
0 9 -5 0 .7 5 1 0 .5 2 .9 9 .2 7 7 4 .5 1 .5 3 3 1 .0 8 6 1 .5 2 .7
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

1 0 -2 2 -0 0 .6 5 4 2 .1 3 3 .6 8 .4 0 .1
1 0 -3 0 -29 0 . 84 2 8 .4 2 0 .6 7. 8 1 .8 6 9 .1 1 1 .1 1 9 .7
1 0 -4 2 9 -4 8 1 .0 8 2 3 .4 1 1 .0 1 2 .4 2 .5 7 0 .1 8 .5 2 1 .2
10-5 1 .2 4 1 8 .5 10 . 4 8 .0 6 8 -0 8 .6 2 3 .3

I I

P H D PH Cond. t m CEC Ca Na Mg K P

10-2 W 7 .8 3 9 6 .6 1 5 .4 3 .2 3 .7 6 .6 4 .9 6 5 .0
10-2 R 6 .6 9 2 .6 1 5 .4 0 .8 4 .  1 1 .0
1 0 -3 W 7 .4 1 8 1 .0 9 .6 2 .1 1. 1 1 .1 0 .5 5 6 .0
10-3 R 7 .2 6 3 .0 1 5 .6 0 .1 3 .7 0 .8
1 0 -4 W 6 .  6 1 1 2 .0 1 .1 0 .5 l . l 0 .4 0 .2 17 .0
1 0 -4 R 6 .0 57 . 8 7 .0 0 .2 2 .0 0 .5
1 0 -5 W 6 .8 7 8 .0 0 .4 0 .5 0 .7 0 .3 0 .0 1 7 .0
1 0 -5 R 5 .8 40 . 8 6 .6 0 .3 3 .4 0 .4

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

10-2 1 .0 5 1 4 .0 4 0 .3 1 0 .5 3 2 .0 5 .5 1 2 2 .0 9 0 .0 3 .5
10-3 0 .5 5 1 3 .0 3 8 .0 1 0 .5 3 3 4 .0 2 .5 131 .0 8 0 .0 3 .0
10-4 0 .5 5 1 3 .5 6 . 0 1 3 .0 3 4 1 .0 2 .5 168 .0 1 9 0 .0 2 .5
1 0 -5 0 .5 5 1 2 .5 3 .5 4 .5 3 2 6 .0 2 .0 1 7 3 .0 1 4 5 .0 3 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

11-2 3 -0 0 .7 5 5 4 .0 4 4 .6 9 .4 0 .2
11-3 0 -1 9 0 .8 0 3 2 . 1 1 7 .3 1 4 .8 2 .2 6 6 .3 1 4 .7 1 8 .9
11-4 1 9 -34 1 .1 7 2 2 .2 1 0 .0 1 2 .1 2 .1 7 1 .1 1 1 .0 1 7 .7
11-5 3 4 -5 8 1 .31 1 5 .2 8 .9 6 .3 1 .9 7 8 .2 3 .5 1 8 .1

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

11-2 W 7 .9 5 5 1 .7 2 5 .2 6 .4 2 .4 7 .0 5 .7 5 6 .0
11-2 R 6 .6 129. 1 1 9 .8 0 .6 5 .3 1 .2
11-3 W 7 .3 2 0 6 .9 6 .8 2 .4 1 .0 1 .2 0 .5 6 6 .0
11-3 R 7 .1 7 4 .7 16 .1 0 .1 3 .8 0 .8
1 1 -4 W 6 .5 1 0 3 .0 0 .9 0 .3 1 .7 0 .2 0 .3 3 2 .0
1 1 -4 R 5 .7 4 9 .1 5 .9 0 .3 3 .0 0 .7
11-5 W 6 .7 8 6 .0 0 .6 0 .3 0 .7 0 .2 0 .2 19 .0
11-5 R 5 .6 3 9 .5 5 .5 0 .3 2 .7 0 .7

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

11-2 1 .5 5 1 5 .0 5 7 .5 1 0 .5 3 4 0 .5 7 .5 1 7 3 .0 1 0 5 .0 4 .5
11-3 1 .0 5 1 4 .0 4 3 .5 9 . 0 3 8 7 .0 2 .5 109 .0 7 0 .0 2 .5
1 1 -4 0 .5 5 1 4 .0 2 1 .5 1 0 .0 3 2 7 .5 2 .0 153 .0 1 1 5 .0 1 .5
1 1 -5 0 .5 5 0 9 .5 8 .0 9 .0 3 3 6 .5 1 .0 1 9 1 .0 3 7 0 .0 1 .5



169

I % water by weight

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

12-2 2 -0 0 .6 5 4 5 .4 3 5 .5 9 .9 0 .1
1 2 -3 0 -1 2 0 .7 2 3 9 .0 1 9 .3 1 9 .7 1 .6 5 7 .8 2 2 .4 19 .1
1 2 -4 1 2 -22 1 .02 2 8 .3 1 2 . 1 16 .2 1 .5 4 9 .9 2 4 .6 2 5 .4
1 2 -5 2 2 -5 3 0 .9 5 2 4 .5 1 0 .2 14 .2 3 .8 5 1 .3 2 0 .2 2 8 .3

I I

P H D Cond. $QM CEC Ca Na Mg K P

1 2-2 W 8 .1 5 3 4 .5 6. 1 6 .0 2 .4 7 .6 8 .4 2 9 .0
12-2 R 7 . 1 1 6 5 .6 2 0 .4 1 .3 5 .  1 1 .4
12-3 W 7 .7 3 6 2 .1 8 .9 5 .1 0 .9 2 .0 1 .3 2 5 .0
12-3 R 7 .3 1 3 1 .7 2 6 .4 0 .2 4 .2 1 .3
1 2 -4 W 6 .6 2 6 7 .0 2 .4 2 .8 1 .3 1 .2 1 .1 8 .0
1 2 -4 R 6 .7 126 .5 1 4 .0 0 .2 3 .0 0 .9
1 2 -5 W 7 .4 2 5 0 .0 0 .6 2 .4 1 .0 1 .2 1 .0 8 .0
1 2 -5 R 6 .7 1 0 8 .0 1 3 .8 0 .3 3 .7 1 .1

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

12-2 1 .5 5 0 3 .0 2 8 .0 9 .0 1 2 5 .0 4 . 0 6 2 .0 6 0 .0 2 .4
12-3 1 .5 4 7 2 .0 1 9 .0 6 .5 8 3 .0 3 .0 5 8 .0 4 0 .0 2 .5
1 2 -4 1 .5 2 8 3 .5 2 0 .0 6 .5 5 9 .5 1 .5 5 1 .0 3 0 .0 3 .0
12-5 1 .5 5 0 6 .5 2 8 .5 9 .5 1 3 7 .0 4 . 0 134 .0 7 0 .0 4 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

13-2 2 -0 0 .7 5 5 .0 4 5 .6 9 .4 0 .  1
13-3 0 -4 0 0 .  78 2 7 .1 1 3 .2 1 3 .9 4 .3 6 7 .4 1 5 .5 1 7 .0
1 3 -4 4 0 -5 5 1 .2 0 1 9 .3 1 2 .2 7 .1 1 .2 5 8 .9 1 8 .7 2 2 .2

I I

P H D pH Cond. $0M CEC Ca Na Mg K P

13-2 W 7 .8 4 8 2 .8 9. 8 4 .2 4 .7 5 .9 5 .8 4 4 .0
13-2 R 6 .2 1 3 3 .0 1 9 .6 1 .1 5 .4 1 .3
1 3 -3 W 7 .2 8 6 .2

CO•rr\ 0 .7 0 .9 0 .6 0 .2 6 1 .0
13-3 R 7 .1 5 4 .3 1 3 .1 0 . 1 3 .2 0 .6
1 3 -4 W 6 .7 5 2 .0 0 .5 0 .3 0 .7 0 . 1 0 . 0

o•oo

1 3 -4 R 5 .4 2 8 .4 5 .9 0 .4 3 .3 0 .5

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

1 3 -2 1 .5 5 16 . 0 5 7 .0 1 3 .0 4 0 7 .5 8 .0 2 1 6 .0 9 5 .0 4 .5
13-3 0 .5 5 1 1 .0 3 7 .5 9 .5 4 1 2 .0 2 .0 1 8 2 .0 8 0 .0 2 .5
1 3 -4 0 .5 5 1 3 .0 5 .0 9 .5 3 4 1 .5 2 .5 1 8 0 .0 1 0 5 .0 1 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

14-2 2 -0 0 .5 0 6 5 .6 5 2 .0 1 3 .5 0 . 1
14-3 0 -2 7 0 .5 3 3 2 .1 1 4 .8 17 .2 2 .4 7 0 .7 1 2 .0 1 7 .1
1 4 -4 2 7 -3 8 0 .9 8 18. 5 8 .9 9 .6 1 .0 7 5 .3 6 .0 1 8 .6
14-5 3 8 -5 2 l .  15 1 7 .4 1 1 .5 5 .9 0 .9 7 6 .2 6 .0 1 7 .7

II

P H D pH Cond. $0M CEC Ca Na Mg K P

1 4-2 W 8 .0 5 3 4 .5 2 6 .4 5 .6 4 .0 6 .4 6 .4 4 4 .0
14-2 R 6 .6 1 4 6 .0 2 2 .2 0 .9 5 .3 1 .2
14-3 W 7 .3 1 2 9 .3 7 . 5 1 .0 1 .0 1 .1 0 .3 4 6 .0
14-3 R 7 .1 9 3 .5 1 6 .6 0 .7 3 .6 0 .6
1 4 -4 W 6 .3 9 5 .0 1 .3 0 .3 1 .7 0 .3 0 .2 2 4 .0
1 4 -4 R 5 .7 4 3 .9 5 .6 0 .3 2 .6 0 .5
14-5 W 7 .0 9 5 .0 0 .8 0 .7 0 .7 0 .3 0 .2 2 2 .0
1 4 -5 R 5 .8 6 .3 6 .2 0 .3 3 .3 0 .8

III

P H Sr Mn Zn Hi Fe Pb A1 Si Cu

1 4 -2 1 .5 5 1 6 .0 56 . 0 1 0 .5 3 2 3 .5 8 .5 104 .0 9 5 .0 4 .0
14-3 0 .5 5 1 2 .0 3 7 .5 1 0 .0 4 2 7 .0 2 .5 1 4 4 .0 8 0 .0 2 .0
1 4 -4 0 .5 5 1 1 .5 4 .5 1 1 .5 2 9 5 .5 2 .0 2 0 6 .0 1 2 5 .0 1 .5
1 4 -5 0 .5 5 0 6 .5 6. 5 9 .5 2 2 6 .0 1 .5 2 0 9 .0 6 5 .0 2 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

1 5 -2 2 -0 0 .4 5 5 9 .4 4 1 .7 1 7 .6 0 .  1
15 -3 0 -1 5 0 .4 8 3 4 .9 1 6 .2 1 8 .7 1 .3 6 8 .2 17. 1 1 4 .5
1 5 -4 1 5 -57 1 . 13 17. 7 8 .4 9 .3 4 . 4 7 6 .1 6 .0 17 .8
15-5 5 7 -5 8 1 .2 4 11 .1 7 .0 4 .0 0 .0 7 6 .8 5 .0 1 8 .1

II

P H D pH Cond. %0M CEC Ca Na Mg K P

15-2 M 7 .9 4 8 2 .8 21 . 7 5 .1 2 .5 5 .8 5 .3 3 4 .0
15-2 R 6 .4 1 5 1 .3 19 .8 1 .5 5 .5 1 .5
1 5 -3 W 7 .3 1 7 2 .4 7 .2 1 .3 0 .9 0 .9 0 .5 3 9 .0
15-3 R 7 .1 1 2 3 .5 1 6 .8 0 .2 3 .9 1 .0
1 5 -4 W 6 .4 8 6 .0 2 .2 0 .3 1 .6 0 .3 0 .1 1 6 .0
1 5 -4 R 5 .5 4 7 .1 5 .7 0 .2 1 .5 0 .5
1 5 -5 W 6 .5 5 2 .0 0 .6 0 .4 0 .8 0 .1 0 .0 9 .0
1 5 -5 R 5 .4 1 1 .3 4 .0 0 .3 1 .7 0 .4

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

15-2 2 .0 5 1 6 .5 4 0 .0 1 5 .0 4 0 6 .0 1 1 .5 1 0 0 .0 9 5 .0 5 .0
15-3 1 .0 5 1 3 .5 4 7 .0 9 .5 4 0 1 .5 3 . 0 1 3 7 .0 5 0 .0 2 .5
1 5 -4 0 .5 5 1 2 .0 8 .0 1 1 .0 3 2 1 .0 1 .5 1 6 5 .0 4 5 .0 2 .0
15-5 0 .5 5 1 0 .5 3 .5 1 3 .0 2 4 1 .0 1 .0 1 7 9 .0 1 6 5 .0 1 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

16-2 2 -0 0 . 75 6 1 .2 4 2 .8 1 8 .4 0 .2
16-3 0 -1 2 0 . 86 33 . 6 1 7 .0 1 6 .6 1 .7 6 8 .3 1 3 .7 17 .9
1 6 -4 1 2 -5 3 1 .1 3 1 8 .4 9 .5 8 .9 3 .9 7 5 .2 6 .0 1 8 .7
1 6 -5 5 3 -58 1 . 16 1 1 .6 6 .5 5 .0 0 .2 7 1 .2 8 .4 2 0 .2

II

P H D pH Cond. %0M CEC Ca Na Mg_ K P

1 6-2 W 8 .0 5 1 7 .2 2 2 .3 4 .6 2 .5 6 .1 7 .2 4 4 .0
16-2 R 6 .6 129. 1 1 9 .6 1 .4 5 .5 1 .5
1 6 -3 W 7 .4 22 4 . 1 8 .2 2 .2 0 .9 1 .1 1 . 1 5 4 .0
16-3 R 7 .7 1 2 4 .5 1 8 .7 0 .3 3 .9 1 .0
1 6 -4 W 6 .9 1 3 8 .0 2 .2 0 .9 1 .4 0 .3 0 . 4 3 0 .0
1 6 -4 R 5 .9 7 9 .7 7 .0 0 .3 1 .5 0 .5
1 6 -5 W 6 .4 6 0 .0 0 .7 0 .3 0 .8 0 .1 0 .1 2 7 .0
1 6 -5 R 5 .3 5 0 .6 3 .6 0 .3 1 .7 0 .4

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

16-2 2 .0 5 1 6 .5 4 8 .0 1 3 .5 3 4 1 .0 9 .0 1 1 5 .0 1 0 5 .0 4 .5
16-3 1 .0 5 1 4 .0 4 8 .0 1 0 .5 3 7 2 .0 3 .5 1 2 2 .0 7 5 .0 3 .0
1 6 -4 1 .0 5 0 7 .0 1 6 .0 1 0 .0 3 2 7 .0 1 .5 1 9 4 .0 5 5 .0 1 .5
16-5 0 .5 5 1 2 .0 4 .0 8. 5 3 3 3 .0 1 .5 2 0 3 .0 1 0 5 .0 1 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

1 7 -2 3 -0 0 .8 5 4 4 .7 3 0 .2 1 4 .5 0 .3
17-3 0 -7 0 1 .0 6 2 6 .9 1 1 .3 1 5 .5 1 1 .3 7 1 .5 1 3 .1 1 5 .3
1 7 -4 7 0 -76 1 .1 6 1 6 .0 7 .8 8 .2 0 .5 7 6 .4 8 .4 1 5 .1
1 7 -5 1 .3 2 1 0 .0 6 .3 3 .7 8 1 .3 3 .4 1 5 .1

II

P H D pH Cond. %0M CEC Ca Na Mg K P

17-2 W 7 .6 3 1 0 .3 1 0 .8 2 .4 3 .7 3 .4 5 .7 9 4 .0
17-2 R 6 .0 1 1 8 .7 1 4 .8 1 .5 4 .5 1 .4
17-3 W 7 .0 1 0 3 .4 4 . 1 0 .7 1.0 0 .7 0 .3 7 0 .0
17-3 R 7 .1 9 0 .9 1 2 .6 0 .2 3 .0 0 .5
1 7 -4 W 6 .2 5 2 .0 2 .4 0 .2 0 .9 0 .  1 0.1 4 5 .0
1 7 -4 R 4 .9 4 1 .7 4 .4 0 .4 1 .5 0 . 4
1 7 -5 W 6 .3 5 2 .0 0 .4 0 .3 0 .9 0.0 0.1 3 0 .0
1 7 -5 R 4 . 8 1 0 .2 3 .0 0 .3 1.0 0 .3

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

17-2 1 .5 5 1 5 .0 4 9 .0 1 3 .0 4 7 8 .0 7 .0 2 1 3 .0 1 0 5 .0 3 .5
17-3 0 .5 5 1 3 .0 4 6 .5 1 1 .0 4 8 5 .5 2 .5 2 1 4 .0 7 0 .0 2 .0
1 7 -4 0 .5 5 1 1 .0 1 2 .0 1 1 .0 3 9 4 .5 1 .5 2 0 2 .0 3 5 .0 2 .0
17-5 0 .5 5 0 6 .5 7 .0 8 .0 3 4 1 .5 1 .0 1 9 3 .0 4 0 .0 2 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

18-2 1 -0 0 .6 5 59 .1 4 5 .7 1 3 .4 0 .0
18-3 0 -11 0 .6 8 4 6 .5 2 3 .6 2 2 .9 1 .7 6 5 .4 1 4 .7 1 9 .8
1 8 -4 1 1 -47 1 .0 7 1 2 .1 8 .3 3 .7 1 .8 7 6 .2 8 .5 1 5 .2

I I

P H D PH Cond. %0M CEC Ca Na Mg K P

18-2 W 8 .0 6 5 5 .2 1 7 .6 8 .6 2 .5 8 .6 6 .9 5 2 .0
18-2 R 6 .7 154 .2 2 2 .0 1 .0 5 .4 1 .3
1 8 -3 W 7 .6 3 9 6 .6 1 0 .3 5 .5 1 .2 2 .5 1 .2 4 6 .0
1 8 -3 R 7 .2 124 .1 2 4 .0 0 .5 4 .4 1 .0
1 8 -4 W 7 .2 1 6 4 .0 1 .2 2 .0 0 .8 0 .6 0 .2 1 0 .0
1 8 -4 R 6 .6 1 9 .3 9 .4 0 .3 2 .1 0 .6

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

18-2 2 .0 8 7 0 .5 2 6 .4 7 .5 2 1 4 .5 7 .5 4 4 .5 1 0 2 .0 1 1 .0
18-3 1 .0 6 9 6 .5 14 .1 6 .5 2 3 2 .5 6 . 0 7 6 .0 7 9 .5 8 .0
18-4 0 .5 2 4 5 .5 2 .7 4 . 5 4 2 .5 1 .5 4 1 .5 3 5 .5 4 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

1 9 -2 2 -0 0 .7 4 6 .5 3 7 .6 8 .8 0 .1
1 9 -3 0 -9 0 .7 5 3 5 .4 2 1 .9 1 3 .5 0 .9 7 0 .6 1 2 .1 1 7 .2
19—4 9 -5 6 1 .1 5 1 5 .6 8 .8 6 .8 3 .5 7 4 .2 5 .0 2 0 .7

I I

P H D pH Cond. %ou CEC Ca Na Mg K P

19-2 M 8 .0 5 8 6 .2 6 .1 6 .2 3 .9 6 .9 7 .0 5 5 .0
19-2 R 7 .0 1 0 5 .6 1 8 .4 0 .8 4 .7 1 .2
1 9 -3 W 7 .6 3 7 9 .3 7 .5 5 .0 0 .9 1 .1 1 .4 4 7 .0
19-3 R 7 .3 9 0 .0 2 2 .8 0 .1 4 .2 1 .0
19-4 W 7 .3 1 9 0 .0 0 .6 1 .9 0 .8 0 .6 0 .3 2 3 .0
1 9 -4 R 6 .7 2 6 .3 1 1 .5 0 .3 2 .4 0 .6

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

19-2 1 .5 6 1 7 .5 2 1 .5 6 . 0 1 5 4 .5 7 .0 3 5 .5 7 3 .5 7 .5
19-3 1 .0 5 7 2 .0 1 9 .9 6 . 0 1 4 4 .5 5 .0 3 4 .5 6 3 .5 6 .5
1 9 -4 1 .5 8 4 .5 3 .5 4 .0 4 0 .5 2 .0 6 .5 3 7 .0 8 .0
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I  % water "by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 0 -2 2 -0 0 .5 5 3 9 .8 2 5 .7 1 4 .0 0 . 1
2 0 -3 0 -1 2 0 .5 9 4 3 .9 2 2 .7 2 1 .2 1 .4 5 4 .1 2 4 .2 2 1 .6
2 0 -4 1 2 -39 1 .0 6 1 8 .7 8 .7 1 0 .0 2 .6 5 6 .5 2 0 .2 2 3 .2

II

P H D pH Cond. %ou CEC Ca Na Mg K P

2 0-2 W 8 .1 5 6 8 .9 4 . 1 6 .8 3 .0 5 .6 7 .2 2 6 .0
2 0 -2 R 7 .1 1 7 4 .3 1 9 .6 0 .7 3 .7 1 .1
2 0 -3 W 7 .8 4 3 1 .0

co• 4 .6 0 .8 1. 1 1 .6 2 1 .0
2 0 -3 R 7 .3 8 4 .7 4 0 .4 0 .  1 3 .7 1 .0
2 0 -4 W 7 .4 1 9 0 .0

00•o 2 . 0 0 .6 0 .5 0 .0 4 .0
2 0 -4 R 6 .7 7 9 .3 1 2 .7 0 .4 2 .1 0 .9

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 0 -2 1 .5 3 0 8 .0 1 5 .4 5 .0 1 0 8 .0 5 .5 1 2 .5 6 5 .5 8 .0
2 0 -3 2 .0 1 7 4 .5 1 9 . 8 5 .0 9 0 .5 2 .5 9 .5 7 0 .5 7 .5
2 0 -4 2 .0 5 4 .0 3 .2 4 .5 5 1 .5 1 .0 8 .0 3 7 .0 8 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand. S i l t Clay

2 1 -2 2 -0 0 .6 5 5 9 .5 4 2 .0 1 7 .5 0 .2
2 1 -3 0 -51 0 .6 8 3 1 .3 1 4 .1 1 7 .1 5 .9 7 3 .6 1 1 .9 1 4 .4
2 1 -4 5 1 -5 9 1 . 16 1 5 .7 9 .1 6 .6 0 .6 7 5 .2 5 .0 1 9 .7

II

P H D pH Cond. %0M CEC Ca Na Mg K P

2 1 -2 W 8 .2 7 0 6 .9 3 3 .2 7 .4 3 .5 7 .2 8 .2 6 0 .0
2 1 -2 R 6 .8 1 3 5 .6 2 3 .2 1 .0 4 .8 1 .4
2 1 -3 W 7 .4 1 3 7 .9 1 1 .3 1 .2 1 .3 0 .8 0 .4 7 8 .0
2 1 -3 R 7 .2 8 8 .7 1 6 .4 0 .2 2 .9 0 .7
2 1 -4 W 7 .1 2 3 3 .0 0 .7 0 .3 0 .8 0 .2 0 .2 2 3 .0
2 1 -4 R 6 .2 3 6 .3 5 .9 0 .4 2 .4 0 .6

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 1 -2 1 .5 8 6 0 .5 1 9 .9 8 .0 2 1 3 .5 8 .5 3 6 .0 108 .5 10 .0
2 1 -3 0 .5 7 3 4 .0 1 1 .2 7 .5 3 0 4 .0 3 .0 1 1 6 .0 8 7 .0 5 .0
2 1 -4 0 .5 63 2 . 5 1 .5 7 .0 2 8 4 .0 2 .5 169 .5 127 .5 4 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 2 -2 2 -0 0 .6 5 6 2 .2 4 4 . 7 1 7 .5 0 .2
2 2 -3 0 -5 5 0 .9 7 2 4 .0 1 4 .7 9 .3 5 .0 7 3 .8 9 .3 1 6 .8
2 2 -4 5 5 -6 2 1 .22 14. 6 9 .2 5 3 .1 0 .4 7 3 .1 6 .1 2 0 .7

I I

P H D pH Cond. %ou CEC Ca Na Mg K P

2 2 -2 W 7 .6 3 1 0 .3 1 9 .0 1 7 .0 3 .4 8 .2 8 .3 6 7 .0
2 2 -2 R 6 .0 142.1 2 0 .2 2 .1 4 .7 1 .4
2 2 -3 W 7 .4 1 7 2 .4 6 . 8 1 .8 1 .0 0 .7 0 .7 7 2 .0
2 2 -3 R 7 .2 7 2 .8 1 5 .5 0 .1 2 .8 1 .0
2 2 -4 W 6 .5 7 8 .0 0 . 1 0 .2 0 .9 0 .2 0 .2 1 7 .0
2 2 -4 R 6 .0 6 1 .0 6 .2 0 .4 2 .1 0 .8

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 2 -2 1 .5 9 9 2 .0 1 5 .7 9 .0 4 2 4 .5 8 .0 1 6 7 .5 1 0 4 .0 1 1 .5
2 2 -3 0 .5 7 3 5 .5 1 0 .9 7 .5 2 0 0 .5 2 .5 9 6 .5 6 0 .0 4 .0
2 2 -4 0 .5 7 1 0 .5 1 .9 8 .5 1 9 3 .0 2 .0 1 0 3 .5 6 3 .0 3 .0
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I  % water "by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 3 -2 3 -0 0 .5 5 5 9 .2 4 5 .1 1 4 .1 0 .2
2 3 -3 0 -6 5 0. 84 2 9 .3 1 4 .8 1 4 .4 7 .8 7 0 .9 1 0 .3 18 .7
2 3 -4 1 . 18 15. 1 10. 1 4 .9 7 3 .1 6 .1 2 0 .7

I I

P H D e h _ Cond. #0M CEC Ca Na Mg K P

2 3 -2 W 7 .7 6 8 9 .6 2 0 .3 8 .2 3 .6 8 .0 9 .1 5 6 .0
2 3 -2 R 7 .4 1 3 1 .7 2 5 .0 1 .0 5 .2 1 .5
2 3 -3 W 7 .3 1 7 2 .4 4 . 8 1 .2 0 .9 0 .7 0 .7 7 2 .0
2 3 -3 R 7 .3 9 0 .8 1 5 .5 0 .1 3 .2 1 .3
2 3 -4 W 6 .4 8 6 .0 0 .3 0 .1 0 .8 0 .1 0 .4 2 7 .0
2 3 -4 R 6 .2 84. 1 6 .3 0 .3 2 .2 1 .0

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 3 -2 1 .5 7 23 . 5 1 2 .0 7 .0 1 6 2 .5 8 .0 1 7 .5 1 0 7 .0 1 1 .0
2 3 -3 0 .5 8 4 2 .5 1 2 .4 8 .0 2 4 4 .0 2 .0 9 4 .5 9 1 .5 5 .5
2 3 -4 0 .5 8 0 7 .0 2 .2 9 .5 2 3 7 .0 2 .5 2 4 8 .0 9 2 .0 4 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand. S i l t Clay

2 4 -2 2 -0 0 .6 5 64 . 1 5 4 .5 9 .5 0 .1
2 4 -3 0 -36 0 .8 5 3 2 .5 1 7 .0 1 5 .4 4 .7 6 2 .2 1 6 .3 2 1 .4
2 4 -4 3 6 -44 1 . 17 2 3 .1 1 4 .3 8 .7 0 .8 6 3 .8 7 .6 2 8 .4

I I

P H D pH Cond. t m CEC Ca Na Mg K P

24-2 W 8. 0 5 0 0 .0 1 6 .9 4 .9 4 .2 6 .6 6 .8 5 8 .0
2 4 -2 R 6 .5 1 6 7 .6 3 0 .3 1 .3 7 .1 2 .0
2 4 -3 W 7 .2 1 2 0 .7 3 . 8 1 .1 0 .9 0 .6 0 .4 7 8 .0
2 4 -3 R 7 .1 1 5 2 .6 1 5 .7 0 .1 3 .7 0 .9
2 4 -4 W 6 . 1 6 9 .0 0 .7 0 .1 0 .9 0 .1 0 .2 3 2 .0
2 4 -4 R 5 .1 8 5 .4 7 .4 0 .3 3 .7 0 .5

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 4 -2 1 .5 579. 5 31 . 1 9. 0 3 2 1 .5 7 .5 6 9 .5 1 0 7 .0 1 0 .5
2 4 -3 0 .5 7 2 6 .5 1 3 .4 1 0 .0 3 7 4 .5 2 . 0 1 8 2 .5 7 4 .5 6 .0
2 4 -4 0 .5 8 0 8 .5 1 .8 1 3 .0 2 2 4 .5 2 .5 1 7 0 .0 1 5 0 .5 4 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 5 -2 3 -0 0 .5 5 7 4 .9 6 2 .5 1 2 .3 0 .2
2 5 -3 0 -3 0 0 .5 9 4 2 . 8 1 8 .0 2 4 .7 4 .3 5 7 .8 2 2 .3 1 9 .7
2 5 -4 3 0 -52 l .  13 2 3 .3 1 2 .5 1 0 .7 2 .6 5 8 .4 1 6 .1 2 5 .4

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

2 5 -2 W 8. 1 6 5 5 .2 2 3 .0 1 7 .8 2 .3 7 .7 8 .1 7 6 .0
2 5 -2 R 6 .5 1 6 7 .6 2 5 .2 0 .6 4 .9 1 .5
2 5 -3 W 7 .6 3 4 4 . 8 7 .5 5 .1 1 .6 1 .7 1 .0 7 9 .0
2 5 -3 R 7 .2 1 5 2 .6 2 2 .9 0 .1 3 .2 1 .6
2 5 -4 W 6 .5 7 8 .0 0. 9 0 .3 0 .6 0 .3 0 .2 5 5 .0
2 5 -4 R 6 .0 4 0 .8 7 .6 0 .4 2 .8 0 .9

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 5 -2 1 .5 837 . 5 4 8 . 1 7 .0 2 1 7 .0 8 .0 3 9 .0 8 0 .0 1 1 .5
2 5 -3 1 .0 9 5 6 .0 1 9 .6 7 .0 2 4 8 .0 2 .5 7 9 .5 1 0 6 .5 6 .0
2 5 -4 0 .5 7 5 8 .0 7 .7 1 1 .0 2 7 1 .0 2 .5 1 2 8 .0 8 7 .5 5 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 6 -2 3 -0 0 .7 63 . 7 5 5 .1 8 .6 0 .1
2 6 -3 0 -3 0 0 .7 8 3 3 .2 2 1 .3 1 1 .9 2 .7 5 3 .6 2 3 .0 2 3 .2
2 6 -4 3 0 -4 3 1 .0 0 2 3 .1 1 3 .5 9 .5 1 .2 5 9 .8 1 5 .2 2 4 .9

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

2 6 -2 W 8 .3 6 7 2 .4 1 9 .6 8 .5 2 .5 8 .6 1 0 .7 7 0 .0
2 6 -2 R 7 .0 1 8 8 .4 2 6 .0 1 .2 5 .7 2 .0
2 6 -3 W 7 .6 3 4 4 . 8 1 1 .6 4 .5 1 .1 1 .6 1 .6 7 3 .0
2 6 -3 R 7 .3 1 3 5 .6 2 4 .7 0 .1 3 .9 2 .1
2 6 -4 W 6 .5 1 2 1 .0 0 .9 0 .4 0 .9 0 .2 0 .5 5 4 .0
2 6 -4 R 6 .2 7 3 .0 8 .6 0 .3 2 .3 1 .3

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 6 -2 1 .5 8 3 9 .5 1 5 .6 7. 5 2 0 6 .5 7 .5 3 1 .5 9 6 .5 1 1 .0
2 6 -3 1 .0 9 8 3 .0 1 5 .4 7 .5 2 9 6 .5 3 .0 8 0 .5 1 1 4 .5 7 .5
2 6 -4 0 .5 9 7 1 .0 6 .9 1 3 .0 3 4 4 . 0 3 .0 1 7 4 .0 1 3 4 .5 6 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 7 -2 . 5-0 0 .  80 8 2 .2 6 6 .3 1 5 .9 0 .0
2 7 -3 0 -11 0 .7 8 4 3 .2 2 7 .8 1 5 .3 1 .3 4 8 .5 2 2 .1 2 9 .4
2 7 -4 11-27 1. 35 14. 1 7. 9 6 .1 2 .6 3 8 .9 3 7 .1 2 4 .0

II

P H D pH Cond. $0M CEC Ca Na Mg K P

2 7 -2 W 8. 1 1380 3 0 .7 9 .2 5 .4 9 .5 9 .3 3 1 .0
2 7 -2 R 6 .5 2 2 0 .4 1 9 .9 1 .0 4 .7 1 .6
2 7 -3 W 7 .8 741

00•o 2 .1 3 .2 2 .3 2 .8 5 .0
2 7 -3 R 6 .7 112 .1 2 0 .1 0 .4 4 .4 1 .3
2 7 -4 M 7 .8 310 0 .6 1 .3 3 .1 1 .5 1 .3 2 .0
2 7 -4 R 7 .0 2 4 .2 1 4 .0 0 .5 3 .2 0 .6

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 7 -2 2 .1 1 0 5 7 .0 5 5 .8 1 1 .0 402. 0 1 3 .0 2 0 .0 1 0 7 .0 4 .5
2 7 -3 1 .0 7 34 . 5 4 9 .7 9 .5 171. 5 1 .5 1 3 .0 7 6 .0 3 .0
2 7 -4 0 .9 8 1 .5 9 .4 8 .0 58. 0 1 .5 8 .0 5 6 .0 2 .0
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I  % water by weight %

P H ED BD 1/3 15 1/3-15 AWC Sand S i l t Clay_

2 8 -2 . 5 - 0 0 -7 0 8 8 .9 6 1 .7 2 7 .2 0 .1
2 8 -3 0 -2 0 0 .7 2 4 9 .4 2 9 .8 1 9 .6 2 .8 4 1 .7 2 8 .9 2 9 .4
2 8 -4 2 0 -21 0 .9 5 14. 7 1 0 .7 3 .9 0 .7 7 2 .3 7 .7 2 0 .0

I I

P H D bH Cond. %0M CEC Ca Na Mg K P

2 8 -2 W 8 .1 1380 3 2 .6 15 .2 5 .4 1 2 .8 1 3 .1 3 9 .0
2 8 -2 R 6 .7 2 8 0 .0 1 9 .9 0 .9 4 .4 1 .7
2 8 -3 W 7 .8 741 6 .5 2 .1 3 .6 2 .2 3 .1 4 .0
2 8 -3 R 6 .8 1 1 1 .5 1 8 .7 0 .7 3 .6 1 .4
2 8 -4 W 7. 7 293 0 .7 1 .0 3 .4 1 .4 5 .9 2 .0
2 8 -4 R 6 .8 2 6 .2 9 .0 1 .0 1 .6 0 .7

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

2 8 -2 0 .1 9 6 8 .5 4 6 .3 1 0 .5 4 0 5 .5 2 .0 6 .0 1 0 8 .0 1 .0
2 8 -3 1 .2 8 9 7 .5 3 6 .6 1 1 .0 1 6 9 .0 3 .0 1 5 .0 9 2 .0 4 .0
2 8 -4 0 .8 1 4 7 .0 8. 7 6 .  0 8 8 .0 2 .5 2 4 .0 2 1 8 .0 1 .5
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I  % water "by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

2 9 -2 2— C 0 .8 5 4 6 .0 2 4 .3 2 1 .7 0 .3
2 9 -3 0 -1 7 1 .11 3 2 .0 1 9 .4 1 2 .5 2 .3 5 7 .0 1 6 .2 2 6 .8
2 9 -4 1 7 -20 1 .23 19. 8 1 2 .5 7 .3 1 .7 6 7 .5 1 2 .0 2 1 .5

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

2 9 -2 W 8. 1 860 11. 7 8 .8 5 .6 7 .7 7 .7 6 .0
2 9 -2 R 6 .8 1 1 0 .4 1 4 .7 1 .4 3 .2 1 .4
2 9 -3 W 7 .8 586 8 .6 2 .1 3 .2 2 .2 2 .9 2 .0
2 9 -3 R 6 .8 5 5 .2 1 2 .1 0 .7 4 .3 1 .0
2 9 -4 W 7 .7 362 2 .2 1 .5 3 .3 1 .7 1 .6 2 .0
2 9 -4 R 6 .  8 4 2 .2 1 0 .0 1 .4 2 .2 0 .8

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

29-2 0 .1 6 6 9 .5 2 8 .5 1 0 .5 1 9 9 .5 3 .5 7 .0 7 8 .0 3 .0
2 9 -3 1 .1 4 0 0 .5 2 1 .4 8 .0 1 1 8 .0 3 .0 1 1 .0 6 2 .0 2 .5
2 9 -4 1 .0 2 0 7 .5 14. 1 6. 0 1 1 3 .5 1 .0 7 .0 5 2 .0 2 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

3 0 -2 1 -0 0 .  80 4 9 .1 3 1 .9 17 .2 0 .1
3 0 -3 0- 15 0 .9 7 3 1 .4 2 0. 8 1 0 .5 1 .5 7 2 .3 8 .5 1 9 .2
3 0 -4 1 5 -17 1 .2 3 1 1 .8 6 .7 5 .1 1 .0 7 0 .1 8 .4 2 1 .5

I I

P H D pH Cond. $0M CEC Ca Na Mg K P

3 0 -2 W 8 .0 860 11 .1 8 .2 4 .2 7 .0 1 3 .1 1 0 .0
3 0 -2 R 6 .9 143. 0 1 7 .5 0 .6 3 .7 1 .5
3 0 -3 W 7 .8 638 9. 8 1 .9 3 .0 1 .7 2 .0 3 .0
3 0 -3 R 6 .8 7 1 .0 1 2 .4 0 .5 3 .3 1 .0
3 0 -4 W 7 .6 224 0 .6 1 .1 2 .9 1 .3 1 .0 2 .0
3 0 -4 R 7 .0 1 7 .6 7 .5 0 .5 2 .8 0 .5

I I I  

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 0 -2 0 .4 8 1 4 .5 3 2 .3 9. 5 1 7 6 .0 7 .0 8 .0 7 5 .0 3 .5
3 0 -3 0 .8 6 2 2 .5 2 5 ,7 9 .0 1 4 3 .0 4 .0 1 5 .0 6 9 .0 3 .0
3 0 -4 0 .9 1 4 6 .0 9 .1 7 .5 8 6 .5 1 .5 8 .0 5 5 .0 1 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

3 1 -2 1 -0 0 .7 5 6 1 .3 4 5 .3 16. 0 0 .1
3 1 -3 0-51 0 . 80 2 7 .9 1 6 .7 11 .2 4 .5 6 4 .6 1 1 .1 2 4 .3
3 1 -4 5 1 -6  5 1. 14 1 7 .9 1 0 .9 7 .0 1 .1 7 2 .4 7 .0 2 1 .6
3 1 -5 6 5 -7 2 1 .1 7 1 2 .9 8 .3 4 .5 0 .3 7 5 .1 6 .0 1 8 .9

II

P H D pH Cond. %0M CEC Ca Na Mg K P

31-2 W 8 .0 690 2 8 .9 1 1 .4 4 .2 9 .0 1 1 .3 4 3 .0
3 1 -2 R 6 .3 1 5 1 .7 19.1 0 .  8 5 .6 1 .4
3 1 -3 W 7 .0 207 6. 5 0 .9 3 .6 1 .5 0 .7 4 2 .0
3 1 -3 R 5 .9 6 9 .3 8 .1 0 .7 2 .9 0 .6
3 1 -4 W 7 .0 103 0 .6 0 .2 3 .3 0 .4 0 .2 3 .0
3 1 -4 R 5 .9 3 3 .7 4 .6 1 .2 2 .5 0 .3
3 1 -5 W 7 .5 207 0 .4 0 .8 3 .9 1 .6 0 .3 2 .0
3 1 -5 R 6 .4 2 7 .2 5 .1 0 .9 1 .9 0 .2

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 1 -2 1 .1 2 0 0 3 .5 4 2 .8 1 1 .5 3 4 3 .5 8 .5 3 5 .0 135 .0 3 .5
3 1 -3 0 .3 9 6 7 .5 3 5 .8 1 1 .0 4 3 9 .0 3 .5 8 3 .0 108 .0 2 .0
3 1 -4 0 .0 7 6 3 .0 9. 0 12. 0 6 5 7 .0 2 .0 3 0 8 .0 2 5 0 9 .0 3 .0
3 1 -5 0 .2 4 3 1 . 5 6. 5 8. 5 4 2 1 .5 1 .0 120 .0 1 0 23 .0 2 .5
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I  l  water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand. S i l t d a y

3 2 -2 1-0 0 .7 5 6 9 .2 5 1 .1 18 .1 0 . 1
3 2 -3 0 -3 6 0 .7 2 29. 8 1 7 .6 1 2 .1 3 .  1 6 2 .0 13 .7 2 4 .3
3 2 -4 3 6 -4 9 1-01 19. 5 1 2 .3 7 .1 0 .9 6 7 .5 5 .9 2 6 .6

I I

P H D pH Cond. %0M CEC Ca Na Mg K P

3 2 -2 W 8 .2 1030 2 7 .7 7 .8 4 .0 8 .  1 1 1 .2 3 8 .0
3 2 -2 R 6 .7 2 5 5 .6 2 2 .8 1 .4 5 .8 1 .8
3 2 -3 W 7 .4 310 1 .5 0 .9 4 .6 1 .4 2 .0 2 8 .0
3 2 -3 R 6 .2 6 0 .2 8 .5 0 .4 2 .5 1 .4
3 2 -4 W 6 .9 155 0 .6 0 .2 4 .0 0 .3 0 .7 15 .0
3 2 -4 R 5 .7 1 5 .9 5 .0 0 .8 2 .1 0 .7

I I I

E_ E Mn Zn Ni Je Pb A1 Si Cu

3 2 -2 1 .8 1 3 1 9 .0 5 2 .0 1 1 .0 2 9 7 .0 5 .5 2 1 .0 1 4 2 .0 2 .0
3 2 -3 0 .4 9 6 3 .0 3 8 .5 1 1 .0 3 4 1 .0 3 . 0 6 8 .0 1 3 6 .0 2 .5
3 2 -4 0 .3 1 0 2 4 .5 6 . 1 14. 0 3 4 9 .5 2 .0 124 .0 3 3 5 .0 2 .0
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I % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t

3 3 -2 . 5 - 0 0 .7 0 6 2 .9 4 1 .7 2 1 .2 0 .0
3 3 -3 0 -1 7 0 .8 5 3 7 .3 2 0 .8 1 6 .5 2 .3 5 4 .4 1 8 .8
3 3 -4 17-47 0 .8 5 2 3 .2 1 3 .7 9 .5 2 .4 6 5 .0 8 .4

*

I I

P H D PH Cond. $0M CEC Ca Na Mg K

33-2 W 8 .2 1210

o•<4-<\i 7 .6 4 .0 8 .3 7 .7
3 3 -2 R 6 .7 2 5 2 .1 2 1 .2 0 .5 5 .7 1 .7
33-3 W 7 .5 39 7 7 .4 1 .0 4 .3 1 .6 2 .0
3 3 -3 R 6 .3 7 8 .9 9 .8 0 .3 3 .2 1 .4
3 3 -4 W 6 .8 138 0. 8 0 .2 3 .5 0 .3 1 .4
3 3 -4 R 5 .9 5 1 .8 5 .3 0 .2 2 .5 1 .0

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si

3 3 -2 1 .0 1 4 41 .5 65 . 1 1 1 .5 267 . 0 1 3 .5 1 8 .0 8 2 .(
3 3 -3 0 .5 1 0 3 9 .5 3 8 .2 1 1 .0 3 3 7 .0 3 . 0 6 3 .0 1 11.(
3 3 -4 0 .0 7 5 7 .0 9 . 1 14. 5 6 3 9 .5 3 .0 4 4 5 .0 3916.<

Clay

2 6 .8
2 6 .6

P

* 3 . 0  

13 .0

9 .0

Cu

3 .5  
3 .0
2 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

34-2 4 -0 0 .6 0 6 5 .1 3 7 .5 2 7 .5 0 .6
3 4 -3 0 -63 0 . 86 2 7 .3 1 5 .3 1 1 .9 6 .5 5 9 .6 1 5 .3 2 5 .1
3 4 -4 6 3 -6  8 1. 10 17. 1 10. 9 6 .2 0 .3 6 5 .1 7 .5 2 7 .4

II

P H D pH Cond. %0M CEC Ca Na Mg K P

3 4 -2 W 8 .2 1210 2 7 .1 1 5 .5 4 .8 8 .5 1 1 .3

01

3 4 -2 R 6 .4 2 6 6 .0 2 1 .4 0 .6 4 .5 1 .7
3 4 -3 W 7. 1 241 4 .3 0 .7 3 .9 0 .7 2 .8 3 8 .0
3 4 -3 R 6 . 1 6 0 .0 1 2 .7 0 .3 2 .3 1 .2
3 4 -4 W 6 .8 103 0 .5 0 .2 3 .4 0 .2 0 .6 1 3 .0
3 4 -4 R 6 .0 56. 5 5 .1 0 .4 1 .7 0 .7

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 4 -2 1 .3 1 3 5 9 .5 6 0 .3 1 1 .0 4 1 9 .0 1 1 .5 12 .0 1 1 9 .0 2 .0
3 4 -3 0 .3 1 1 3 6 .5 3 6 .7 1 1 .0 3 2 6 .5 1 .5 5 6 .0 9 5 .0 2 .0
3 4 -4 0 .0 7 4 8 .0 1 2 .2 1 1 .5 5 7 0 .5 1 .0 2 8 2 .0 2 7 8 4 .0 1 .5
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay
3 5 -2 1 -0 0 . 65 7 2 .4 5 1 .4 2 0 .9 0. 1
3 5 -3 0 -42 0 . 89 3 1 .3 1 8 .3 12 .9 4 .  8 5 9 .6 15 .3 2 5 .1
3 5 -4 4 2 -51 1 .2 2 2 3 .2 1 5 .3 7 .9 0 .8 6 5 .1 7 .5 2 7 .4

II

P H D £*L Cond. $0M CEC Ca Na Mg K P

3 5 -2 W 8 .2 1030 2 5 .8 1 5 .7 5 .7 9 .0 11 .7 2 6 .0
3 5 -2 R 6 .7 2 6 4 .3 2 1 .2 0 .5 5 .5 1 .7
3 5 -3 W 6 .9 207 4 .6 0 .6 3 .5 0 .9 1 .8 2 2 .0
3 5 -3 R 5 .7 7 5 .4 8 .5 0 .4 3 .4 1 . 1
3 5 -4 W 6 .7 121 0. 5 0 .1 3 .1 0 .2 0 .7 10 .0
3 5 -4 R 5. 7 5 0 .0 6 .2 0 .6 2 .8 1 .0

III

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 5 -2 2 .1 1C 78.0 5 0 .4 1 1 .0 3 0 3 .5 8 .5 2 2 .0 143 .0 2 .5
3 5 -3 0 .4 8 6 7 .5 2 3 .5 1 1 .0 3 9 0 .5 1 .5 111 .0 3 1 1 .0 0 .2
3 5 -4 0 .3 7 6 9 .0 5 .6 1 1 .5 3 4 0 .5 3 .0 1 3 9 .0 2 7 7 .0 3 .0
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I  % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

3 6 -2 1-0 0 .7 0 6 6 .2 4 6 .3 1 9 .9 0 . 1
3 6 -3 0 -28 0 . 85 2 9 . 7 1 5 .5 1 4 .2 3 .3 6 1 .8 1 5 .7 2 2 .5
3 6 -4 2 8 -32 1 .1 3 1 9 .8 10. 6 9 . 1 1 .4 6 7 .6 1 0 .1 2 2 .3

I I

P H D pH Cond. $0M CEC Ca Na Mg K P

36-2 W 8 .2 860 22 . 7 1 3 .9 5 .9 7 .9 7 .8 4 2 .0
3 6 -2 R 6 . 1 156. 0 1 5 .0 0 .9 4 .8 1 .5
3 6 -3 W 6 .9 190 4 .9 0 .7 3 .0 0 .9 1 .0 3 7 .0
3 6 -3 R 5 .6 5 6 .5 7 .2 0 .3 2 .3 0 .8
3 6 -4 W 6 . 5 103 0 .7 0 .2 2 .8 0 .3 0 .9 3 3 .0
3 6 -4 R 5 .5 4 8 .2 3 .8 0 .4 1 .8 0 .7

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 6 -2 1 .8 1 4 9 2 .5 8 5 .8 1 2 .0 5 3 0 .5 6 . 0 3 4 .0 1 4 0 .0 3 .5
3 6 -3 0 .5 1 0 2 7 .0 2 8 .5 1 1 .5 4 0 1 .5 3 .5 1 1 3 .0 195 .0 2 .0
3 6 -4 0 .0 5 8 8 .0 9. 9 1 1 .0 7 7 1 .5 1 .5 5 7 4 .0 3 6 9 2 .0 1 .5
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I  % water "by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

3 7 -2 . 5 - 0 0 .7 5 6 6 .4 2 7 .2 39 . 1 0 .4
3 7 -3 0 -2 6 0 .6 8 3 4 .7 2 0 .9 1 3 .8 2 .3 5 1 .9 1 7 .9 3 0 .2
3 7 -4 2 6 -4 8 i  . 07 26. 7 1 3 .6 1 3 .0 2 .9 5 4 .9 1 5 .2 2 9 .9

I I

P H D £H_ Cond. %0M CEC Ca Na Mg K P

3 7 -2 W 8 .4 1380 2 0 .9 8 .5 4 .1 8 .8 1 1 .3 3 3 .0
3 7 -2 R 6 .8 2 2 1 .0 1 6 .7 0 .6 6 .4 2 .2
3 7 -3 W 7 .7 500 2 .2 2 .0 3 .7 2 .7 0 .6 3 0 .0
3 7 -3 R 6 .6 7 8 .0 1 1 .4 0 .7 3 .6 1 .5
3 7 -4 W 7 .7 328 1 .7 1 .2 3 .6 1 .6 2 .5

O»o

3 7 -4 R 6 .8 62. 1 9 .2 0 .5 2 .4 0 .9

I I I

P H Sr Mn Zn Ni Fe Pt A1 Si Cu

37-2 1 .6 1 1 3 6 .0 7 6 .0 1 1 .0 2 8 9 .5 8 .5 1 6 .0 120 .0 2 .5
3 7 -3 0 .6 6 6 4 .0 3 2 .6 1 0 .0 2 2 8 .0 2 .5 2 6 .0 1 0 2 .0 2 .5
3 7 -4 0 .6 3 2 6 .0 4 .3 1 3 .0 1 2 6 .0 2 .0 2 5 .0 103 .0 3 .0
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I % water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

38-2 . 5 - 0 0 .7 5 6 3 . 3 6 3 .2 0. 1 0 .0
3 8 -3 0 -52 0. 58 2 2 .5 1 2 .7 9 .8 2 .9 6 7 .2 1 0 .3 2 2 .5
3 8 -4 5 2 -5 9 1. 19 12. 7 7 .4 5 .3 0 .4 7 3 .4 9 .5 1 8 . 1

I I

P H D Cond. %<M CEC Ca Na Mg K P

3 8-2 W 8 .3 1030 22. 1 14 .1 4 .8 8 .4 7 .9 2 1 .0
3 8 -2 R 6 .3 1 6 1 .7 1 2 .7 0 .6 6 .7 1 .7
3 8 -3 W 6 .5 137 4 .6 0 .3 3 .1 0 .6 0 .6 19 .0
3 8 -3 R 5 .3 4 5 .6 5 .7 0 .4 2 .4 0 .7
3 8 -4 W 6 .5 86 1. 5 0 .2 2 .7 0 .2 0 .4 17 .0
3 8 -4 R 5 .5 7 .3 2 .4 0 .3 1 .4 0 .4

I I I  

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

38-2 2 .1 1 1 7 3 .5 3 3 .2 1 2 .0 3 0 0 .5 1 2 .0 4 1 .0 1 6 8 .0 4 .5
3 8 -3 0 .5 6 4 3 .5 2 5 .2 9 . 5 4 3 3 .5 1 .0 1 8 8 .0 1 2 7 .0 2 .0
3 8 -4 0 .0 5 5 8 .0 7 .5 1 1 .0 5 5 7 .0 0 .5 3 6 8 .0 3 5 4 2 .0 1 .0
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I  % water by weight %

p H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

39--2 1 -0 0 .7 5 8 0 .1 4 9 .9 3 0 .2 0 .2
39-•3 0 -6 3 0 .9 0 2 8 .4 1 4 .4 14. 0 7 .8 6 5 .5 1 3 .6 2 0 .9
39-■4 6 3 -70 1.2 1 1 4 .3 8 .2 6 .  L 0 .5 7 5 .9 6 .0 1 8 .1

I I

P H D £H_ Cond. %0U CEC Ca Na Mg K P

3 9 -2 W 8 .2 860 2 9 .5 1 6 .3 4 .7 8 .3 8 .4 2 6 .0
39-2 R 6 .3 188.2 14 .1 0 .8 5 .6 1 .4
3 9 -3 W 6 .8 155 2 . 8 0 .7 3 .2 0 .9 0 .8 2 3 .0
3 9 -3 R 5 .6 7 1 .0 6 .7 0 .3 3 .4 0 .9
3 9 -4 W 6 .6 138 0. 8 0 .3 2 .7 0 .3 0 .4 2 2 .0
3 9 -4 R 5 .2 6 .9 2 .5 1 .1 1-8 0 .3

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

3 9 -2 2 .4 1 2 3 6 .0 4 1 .1 1 1 .0 3 7 4 .5 7 .5 1 8 .0 185 .0 3 .5
39-3 0 .4 7 7 2 .5 3 3 . 1 11. 5 4 3 2 .0 2 .5 138 .0 1 1 4 .0 2 .0
3 9 -4 0 .6 5 3 6 .5 7 .1 9 . 0 3 8 2 .5 2 .0 2 0 5 .0 6 2 3 .0 4 .5
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I  l  water by weight %

P H RD BD 1/3 15 1/3-15 AWC Sand S i l t Clay

4 0 -2 1-0 0 .7 5 79 .1 4 2 .4 3 6 .6 0 .2
4 0 -3 0 -6 4 0 .7 8 2 6 .2 12. 8 1 3 .4 6 .6 6 6 .4 1 1 .1 2 2 .5
4 0 -4 6 4 -6 8 1 .22 1 5 .6 7 .9 7 .7 0 .3 7 4 .3 7 .6 18. 1

I I

P H D pH Cond. %0M CEC Ca Na Mk K P

4 0 -2 W 8 .2 1030 2 7 .7 14 .1 5 .6 1 0 .4 9 .6 2 6 .0
4 0 -2 R 6 .7 168 .2 1 6 .0 1.1 5 .4 1 .4
4 0 -3 W 6 .7 172 4 .3 0 .6 2 .8 0 .7 0 .7 2 2 .0
4 0 -3 R 5 .6 6 8 .2 5 .7 0 .5 2 .4 0 .6
4 0 -4 W 6 .6 103 0 .5 0 .2 4 .0 0 .4 0 .5 19 .0
4 0 -4 R 5 .3 3 4 .7 3 .0 0 .4 1 .6 0 .5

I I I

P H Sr Mn Zn Ni Fe Pb A1 Si Cu

4 0 -2 1 .6 9 5 3 .5 4 1 .0 10. 0 3 1 6 .0 7 .5 1 4 .0 1 1 9 .0 4 .0
4 0 -3 0 .4 8 2 6 .5 3 3 .9 1 0 .5 4 0 1 .0 2 .0 9 9 .0 137 .0 2 .5
4 0 -4 1 .2 534. 0 8 .3 7. 5 3 8 3 .0 1 .0 9 6 .0 7 0 1 .0 2 .0



LITERATURE CITED



LITERATURE CITED

Arnold , H .  V. 1916. The Early H is to ry  of I n k s te r .  H .  V. Arnold, 
Larim ore, North D a k o ta .  128 p .

A t t iw i l l , P .  M . 1966. The ch em ica l  co m p o s i t io n  of ra in  w a te r  in  re la t io n  
to  c y c l in g  of n u tr ien ts  in  m ature  E uca lyp tus  f o r e s t .  P lant and  Soil 
24: 3 9 0 -4 0 6 .

A yyad, M . A. G . and R. L. D ix .  1964. An a n a ly s i s  of a v e g e ta t io n -  
m icroenv ironm enta l com plex  on p ra ir ie  s lo p e s  in S a s k a tc h e w a n .  
E co l .  M onogr. 34: 4 2 1 -4 4 2 .

B ak u z is ,  E. V. 1959. S y n eco lo g ica l  c o o rd in a te s  in  fo re s t  c l a s s i f i c a t i o n  
and  in  rep ro d u c tio n  s tu d ie s  . P h .D .  T h e s i s .  U n iv . of M in n eso ta  , 
S t .  P a u l ,  M inn .

Barkham, J .  P . and J .  W . N o rr is .  1970. M u lt iv a r ia te  p ro ced u res  in  an  
in v e s t ig a t io n  of v e g e ta t io n  and  so i l  re la t io n s  of tw o b e e c h  w ood
l a n d s , C o tsw a ld  H i l l s ,  E ng land . Ecology 51: 6 3 1 -6 3 9 .

B e a ls ,  E . W . 1960. F o re s t  bird  com m unities  in th e  A postle  I s la n d s  of 
W is c o n s in .  W ilso n  Bull. 72: 1 5 6 -1 8 1 .

B eck ing , R. W . 1957. The Z u r ich -M o n tp e l l ie r  School of p h y to so c io lo g y .  
Bot. R ev. 23: 4 1 1 -4 8 8 .

_______ . 1968. V egeta tiona l r e s p o n s e  to  c h a n g e s  in  env ironm ent and
c h a n g e s  in  s p e c ie s  to le ra n c e  w ith  t i m e . V egetatio  16: 1 3 5 -1 5 8 .

Bormann, F .  H . ,  T . G . S ic c a m a , G .  E. L ik en s ,  and R. H .  W h it ta k e r .  
1970. The H ubbard Brook e c o s y s te m  s tudy : c o m p o s i t io n  and 
d ynam ics  of th e  t r e e  s t ra tu m . E c o l .  M onogr. 40: 3 73-3 88 .

Bouyoucos , G . J . 1951. A re c a l ib ra t io n  of th e  hydrom eter m ethod for 
m aking m e c h a n ic a l  a n a ly s i s  of s o i l s .  Agron. J .  43: 434-43  8 .

B raun -B lanque t,  J .  1932 . P lan t Soc io logy  ( tran s la ted  by G . D .  F u lle r  
and  H . S . C o n ra d ) . M cG raw  H ill Book Co . , New Y ork . 43 9 p .

_______ . 1964 . P f lan z e n so c io lo g ie :  G rundzuge d e r  V e g e ta t io n sk u n d e .
3 te  a u f l .  Sp ringer V e r lag , W e in .  865 p .

199

i



200

Bray, J . R. and  J . T. C u r t i s .  195 7 . An o rd in a tio n  of th e  up land  fo re s t
com m unities  of so u th e rn  W is c o n s in .  E c o l . M onogr. 27: 3 2 5 -3 4 9 .

Bray, J .  R. and  E. G orham . 1964. L itte r  p roduc tion  in  fo re s ts  of the  
w o rld .  Adv. E c o l .  R es .  2: 101-15 7.

B uell,  M . F .  and  V. F a c e y .  19 60. F o re s t -p ra i r ie  t r a n s i t io n  w e s t  of
I t a s c a  P a rk , M in n e s o ta .  B ull, of th e  Torrey Bot. C lub  87: 4 6 -5 8 .

C a r l i s l e ,  A . ,  A. H .  F .  Brown, and  E . J .  W h ite .  1965. The in te rc e p t io n  
of p re c ip i ta t io n  by oak  (Quercus p e t r a e a ) on a h igh  ra in fa l l  s i t e .  
Q u a r t .  J .  F o res try  59: 1 4 0 -1 4 3 .

_______ . 1966. The o rg an ic  m a tte r  and n u tr ien t  e lem en ts  in  th e  p re c ip i 
ta t io n  b e n e a th  a s e s s i l e  oak  (Quercus p e t ra e a ) c a n o p y .  J . E c o l .  
54: 8 7 -9 8 .

_______ . 1967. N u tr ien t c o n te n t  of t re e  s tem  flow and ground flora  l i t t e r
and  l e a c h a te s  in  a s e s s i l e  oak  (Quercus p e t r a e a ) w o o d lan d . J. 
E c o l .  55: 6 1 5 -6 2 7 .

C la y to n ,  J . S .  1968. Report on in te rn a t io n a l  so i l  c o r r e la t io n . Un
p u b lish ed  .

C la y to n ,  L . 1972 . P e rsona l com m u n ica tio n .

C le m e n ts ,  J . R. 1971. E va lua ting  summer ra in fa l l  th rough  a m u l t i la y e r 
ed la rg e to o th  a s p e n  com m unity . C a n .  J . F o re s t  R es .  1: 2 0 -3 1 .

C o le ,  D .  W . ,  S .  P . G e s s e l a n d S .  F . D ic e .  1967. D is t r ib u t io n  and 
c y c l in g  of n i t ro g e n ,  p h o sp h o ru s ,  p o ta ss iu m  and c a lc iu m  in  a 
s e c o n d -g ro w th  D o u g la s - f i r  e c o s y s t e m . p .  197-232 . I n H . E .  
Young (ed .)  Symposium on Primary Production  and M inera l  C y c l 
ing in  N atu ra l E c o s y s te m s .  O rono, M a in e .

C o o le y ,  W . W . and P . R. L o h n e s . 1962. M u lt iv a r ia te  P rocedures  for
th e  Behavioral S c i e n c e s .  W ile y ,  New York. 211 p .

C rum , H .  , W . C . S te e re ,  and L . A nderson . 1965 . A l i s t  of th e  m o s se s  
of North America . The B ryo l. 68: 3 7 7 -4 3 2 .

C u r t i s ,  J .  T. and R. P . M c In to sh .  1951. An up land  fo re s t  con tinuum  in  
th e  p ra ir ie  fo re s t  border reg ion  of W is c o n s in .  Ecology 31: 4 3 4 -  
4 5 5 .

C u r t i s ,  J . T. 1959. The V egeta tion  of W is c o n s in .  U n iv e rs i ty  of 
W isc o n s in  P r e s s ,  M a d is o n .  657 p .



201

D a u b en m ire ,  R. 1966. V egeta tion: id e n t i f ic a t io n  of ty p a l  co m m u n it ie s .  
S c ie n ce  151: 2 9 1 -2 9 8 .

Erman, D .  C .  and W . T. H e lm . 1971. C om parison  of some s p e c ie s  
im portance  v a lu e s  and o rd in a tio n  te c h n iq u e s  u se d  to  a n a ly s e  
b en th ic  in v e r te b ra te  c o m m u n it ie s .  O ikos 22: 2 4 0 -2 4 7 .

F a c e y ,  V. 1972 . P e rsona l c o m m u n ic a t io n .

F e rn a ld ,  M . L. 1950. G ra y 's  M anual of B otany. 8th e d . Am erican 
Book C o . ,  New York. 1632 p .

F ran k , E . C .  and  R. L e e .  1966. P o ten tia l  s o la r  beam  i r rad ia t io n  on 
s lo p e s :  T ab les  for 30°  to  50° l a t i t u d e .  Rocky M ounta in  F o res t  
and  Range Exp. S t a . , U . S .  F o re s t  S e rv ice  R e s .  P aper R M -18.
116 p .

F ran k e ,  W . 1967. M ech an ism s  o f fo l ia r  p e n e tra t io n  of s o lu t io n s .  Ann. 
Rev. P lan t P h y s io l .  18: 2 8 1 -3 0 0 .

G e ig e r ,  R. 1965 . The C lim a te  N ear  the  G round . 4 th  e d . Harvard  U niv . 
P r e s s ,  B oston , M a s s .  611 p .

G e rsp e r ,  P . L . and N . H o lo w a y ch u k . 1971. Some e f fe c ts  of s tem  flow
from fo re s t  c an o p y  t r e e s  on ch em ica l  p ro p e r t ie s  of s o i l .  Ecology 
52: 6 9 2 -7 0 2 .

G re en lan d ,  D .  J .  and J .  M . L. K ow al. 1960. N u tr ien t c o n te n t  of th e
m o is t  t ro p ic a l  fo re s ts  of G h a n a .  P lan t and Soil 12: 1 5 4 -1 7 4 .

G re ig -S m ith ,  P .  1964. Q u a n t i ta t iv e  P lan t E co logy . 2 n d e d .  Butterworths, 
London. 256 p .

G r ig a l ,  D .  F .  and  H . F .  A rnem an. 1970 . Q u a n t i ta t iv e  r e la t io n s  among 
v e g e ta t io n  and so i l  c l a s s i f i c a t i o n s  from n o r th e a s te rn  M in n e s o ta .  
C a n .  J .  Bot. 48: 5 5 5 -5 6 6 .

H a a s e ,  E . F .  1970. Environm ental f lu c tu a t io n s  on so u th - fa c in g  s lo p e s
in  th e  S an ta  C a ta l in a  M o un ta in s  of A rizona . Ecology 51: 9 5 9 -9 7 4 .

H a le ,  M . E . Jr . and W . L. C u lb e rso n  . 1965. A th ird  c h e c k l i s t  of th e
l ic h e n s  of th e  c o n t in e n ta l  United  S ta te s  and C a n a d a . The B ryo l. 
69: 1 4 1 -1 8 2 .

H a n s e n ,  D .  E. and  J .  Kume. 1970. Geology  and Ground W ate r  R esources
of Grand Forks C o u n ty .  Part  I .  G eo lo g y .  North D ako ta  Geology
Survey Bul l .  53  ̂ 76 p .



H e lv e y ,  J . D .  and  J. H . P a t r i c . 1965 . C anopy  and l i t t e r  in te rc e p t io n  of
ra in fa l l  by hardw oods of th e  e a s te rn  U nited  S t a t e s .  W ate r  R esour. 
Res . 1: 193-206 .

H u g h e s ,  M . K. 1971. Tree b io c o n te n t ,  n e t  p roduc tion  and l i t t e r  fa l l  in  
a d e c id u o u s  w o o d lan d . O ikos 22: 62-73  .

J a c k s o n ,  M . L . 1958. Soil C h em ica l  A n a ly s is  . P ren tice  H a l l , I n c . ,  
Englewood C l i f f s ,  N . J . 498 p .

Jeg lum , J .  K . ,  C .  F .  W eh rh ah n , and J. M . A. S w an . 1971. C om parisons  
of env ironm enta l o rd in a t io n s  w ith  p r in c ip a l  com ponen t v e g e ta t io n a l  
o rd in a tio n s  for s e t s  of d a ta  h av ing  d if fe ren t  d e g re e s  of c o m p le x i ty .  
C a n .  J .  F o re s t  R es .  1: 9 9 -1 1 2 .

Jo h n so n , W . C .  1971. The fo re s t  o v e rs to ry  v e g e ta t io n  of th e  M isso u r i  
River f lo o d p la in  in  North D a k o ta .  P h .D .  T h e s i s .  North D ako ta  
S ta te  U n iv . , F a rg o , North D a k o ta .

Keammerer, W . R. 19 72 . The u n d e rs to ry  v e g e ta t io n  of th e  bo ttom land  
fo re s ts  of th e  M isso u r i  River in  North D a k o ta .  P h .D .  T h e s i s .  
North D ako ta  S ta te  U n iv .  , F a rg o , North D a k o ta .

K elly , T . E. and Q . F .  P a u ls o n .  1970. G eo logy  and G ro u n d W a te r  
R eso u rce s  of G rand Forks C o u n ty .  Part I I I .  Ground W ate r  
R e s o u rc e s .  North D ako ta  G eo lo g ica l  Survey Bull. 53 , 5 8 p .

Kine, J . R. 1969. Soil c h em is try  a s  a fa c to r  in  th e  fu nc tion  of g ra s s la n d  
e c o s y s t e m s ,  p .  7 1 -8 8 .  In R. L . D ix and  R. G .  Beidlem an (ed s .)  
The G ra ss la n d  E co sy s tem : A P re lim inary  S y n th e s is  . Fort C o l l in s ,  
C o lo ra d o .

K ittredge , J .  1948. F o res t  I n f lu e n c e s . M cG raw -H ill  C o . ,  New York.
281 p .

K uchler , A. W . 1964 . P o ten tia l  n a tu ra l  v e g e ta t io n  of th e  con term inous  
U nited  S ta te s  . A m erican G eo g rap h ica l  S o c ie ty  S p e c ia l  P u b l ic a 
t io n  N o. 3 6 ,  N ew  York. M ap (3 9 x  60 in c h es )  p lus  M a n u a l .
150 p .

L ey ton , L . 1958. The m inera l req u irem en ts  of fo re s t  p la n ts  . p .  1026- 
1039 . In_W . Ruhland (ed.) H andbuch  d e r P f la n z e n p h y s io lo g ie .
Band IV. Springer-V erlag  , B erlin .

L ik e n s ,  G .  E . ,  F .  H .  Bormann, N .  M .  Jo hnson ,  and R. S .  P ie r c e .  1967.
The C a ,  M g ,  K, and Na bu d g e ts  for a smal l  fo re s ted  e c o s y s t e m .
Ecology 48: 7 7 2 -7 8 5 .



L ik e n s ,  G . E . and J . S .  E a to n . 1970. A p o lyu re thane  s tem flow  c o l le c to r  
for t r e e s  and s h ru b s .  E cology 51: 9 3 8 -9 3 9 .

L o u c k s ,  O . L . 1962 . O rd ina ting  fo re s t  com m unities  by m eans  of en v iro n 
m enta l s c a la r s  and  p h y to so c io lo g ic a l  i n d i c e s .  E c o l . M onogr.
32: 1 3 7 -1 6 6 .

M c C le l la n d ,  J . E . ,  C .  A. M ogen , W . M . Jo h n so n , F .  W . S ch ro e r ,  and 
J .  S . A llen .  1959. C hernozem s and a s s o c ia te d  s o i l s  of e a s te rn  
North D ak o ta :  some p ro p e r t ie s  and to p o g rap h ic  r e l a t io n s h ip s .
Soil S c i .  S o c .  Amer. P r o c . 23: 51-5  6.

M c C o ll ,  J .  G .  1970 . P ro p er t ie s  of some na tu ra l  w a te rs  in  a t ro p ic a l  w et 
fo re s t  of C o s ta  R ic a .  B io sc ien ce  2 0: 1096-1100 .

M ow bray , T . B. and H .  J . O o s t in g .  1968. V egeta tion  g ra d ie n ts  in
re la t io n  to  env ironm ent and  pheno logy  in  a so u th e rn  Blue Ridge 
g o rg e .  E co l .  M onogr. 38: 309-344  .

N a tiona l Soil Survey C om m ittee  of C a n a d a .  1965 . Report on the  Sixth
M ee tin g  of th e  N a tio n a l  Soil Survey C om m ittee  of C a n a d a . Laval 
U n iv . ,  Q u e b e c .  132 p .

N e lso n ,  P .  W . 1964. The fo re s ts  of th e  low er S heyene  V a lley , North 
D a k o ta .  M .S .  T h e s i s .  North D ako ta  S ta te  U n iv . ,  F a rg o , North 
D a k o ta .

N ih lg a rd ,  B. 1970. P r e c ip i ta t io n ,  i t s  c h em ica l  co m p o s i t io n  and e f fe c t  
on so il  w a te r  in  a b e e c h  and sp ruce  fo re s t  in  so u th e rn  S w ed en . 
O ikos 21: 2 0 8 -2 1 7 .

_______ . 1972 . P lan t b io m ass  p roduc tion  and d is t r ib u t io n  of ch em ica l
e lem en ts  in  a b e e c h  and a p lan ted  sp ru ce  fo re s t  in  sou th  S w eden . 
O ikos 23: 69-81  .

N orm an, C .  D .  1966. E ffec ts  of b e a v e rs  on r iv e r  v a l le y  fo re s ts  in  
e a s te rn  North D a k o ta .  U n p u b lish ed .

N ye , P .  H .  1961. O rganic  m a tte r  and n u tr ien t  c y c le s  under m o is t  
t ro p ica l  f o r e s t .  P lan t and Soil 13: 3 3 3 -3 4 6 .

O m odt, H .  W . ,  G . A. J o h n sg a rd , D .  D .  P a t te rso n  and O .P .  O lso n .
1968. The M ajo r So ils  of North D a k o ta .  A gricu ltu ra l Experim ental 
S ta t io n  Bull. N o . 4 72. North D ako ta  S ta te  U n iv . ,  F a rg o . M ap 
(23 x  25 in c h es )  p lu s  m a n u a l .  60 p .



O rig ina l Land S urvey . 1880. North D ako ta  S ta te  W a te r  B ureau, B ism arck , 
North D a k o ta .

O r lo c i ,  L . 1966. G eom etric  m odels  in  e c o lo g y .  1. The th e o ry  and
a p p l ic a t io n  of some o rd in a tio n  m e th o d s .  J .  E c o l . 54: 1 9 3 -2 1 5 .

O v ing ton , J .  D .  1962 . Q u a n t i ta t iv e  e co lo g y  and  th e  w oodland  e c o 
sy s te m  c o n c e p t .  Adv. E co l .  R e s .  1: 103-192 .

P a r tc h ,  M . L . 1949. H a b i ta t  s tu d ie s  of so i l  m o is tu re  in  re la t io n  to  
p la n ts  and p lan t  c o m m u n it ie s .  P h .D .  D is s e r t a t io n .  U n iv . of 
W is c o n s in ,  M a d is o n .

P e e k ,  J . M . 1970. R ela tion  of c an o p y  a re a  and volum e to  p roduc tion  of 
th ree  w oody s p e c ie s  . Ecology 51: 109 8 -1 1 0 1 .

Perk in -E lm er C o rp o ra t io n .  1971. A n a ly tica l  M ethods  for Atomic A bsorp
t io n  S p ec tro p h o to m etry .  P e rk in -E lm er C o r p . , N orw alk , C o n n .

R e in e rs ,  W . A. and N . M . R e in e rs .  1970. Energy and n u tr ien t  dynam ics  
of fo re s t  f loors  in  th re e  M in n eso ta  f o r e s t s .  J . E c o l .  58: 4 9 7 -  
519 .

R e in e rs ,  W . A. 1972 . N u tr ien t c o n ten t  of c an o p y  th ro u g h fa ll  in  th ree  
M in n eso ta  f o r e s t s .  O ikos 23: 1 4 -2 2 .

R ic h a rd s ,  L. A. ( e d . ) .  1954. D ia g n o s is  and Im provem ent of S a lin e  and
Alkali S o i l s .  U . S .  D epartm en t of A g r ic u l tu re . H andbook N o.
60 . W a sh in g to n ,  D .  C .  160 p .

Rodin, L. E . and N . I .  B az i le v ic h .  1967. P roduction  and M inera l C y c l 
ing in  T e rre s tr ia l  V eg e ta t io n .  O liver and Boyd, Edinburg and 
London. 288 p .

Rudd, V. E . 1951. G eo g rap h ica l  a f f in i t ie s  of th e  flo ra  of North D a k o ta .  
Amer. Midi. N a t .  45: 7 2 2 -7 3 9 .

S c h o f ie ld ,  R. K. and A. W . T ay lo r .  1955 . The m easu rem en t of pH .
Soil S c i .  S o c .  Amer. P ro c .  19: 1 6 4 -1 6 7 .

S ic c a m a ,  T. G . ,  F .  H .  Bormann, and  G . E . L ik e n s .  1970 . The Hubbard 
Brook e c o s y s te m  study : p ro d u c tiv i ty  n u tr ien ts  and p h y to so c io lo g y  
of th e  h e rb a c e o u s  l a y e r .  E c o l .  M onogr. 40: 3 8 9 -4 0 2 .

S t a n h i l l , G. 1957.  The e f fec t  of d i f f e r e n c e s  in  so i l  m ois tu re  s t a t u s  on
p lan t  growth: a r ev iew  and  e v a lu a t io n .  Soil S c i .  84: 2 0 5 -2 1 4 .



S te v e n s ,  O . A. 1963 . H andbook of North D ako ta  P lan ts  (with re v is io n  
a p p e n d ix ) .  North D ak o ta  In s t i tu te  for Regional S tu d ie s ,  F a rgo , 
North D a k o ta .  324 p .

Sw an, J .  M . A . ,  R. L . D ix ,  and C .  F .  W eh rh ah n . 1969. An o rd ina tion  
te c h n iq u e  b a se d  on the  b e s t  p o s s ib le  s ta n d -d e f in e d  a x es  and i t s  
a p p l ic a t io n  to  v e g e ta t io n  a n a l y s i s .  Ecology 50: 2 06-212 .

Sw an , J .  M . A. 1970 . An ex am ination  of som e o rd in a tio n  problem s by  
u s e  of s im u la ted  v e g e ta t io n a l  d a t a .  Ecology 51: 89-102 .

_______ . 1972 . P e rsona l l e t t e r .

T hom as, W . A. 1969 . A ccum ula tion  and c y c l in g  of c a lc iu m  by  dogwood 
t r e e s .  E c o l . M onogr. 3 9: 101-12 0 .

T h o rn th w a ite , C .  W . 1948. An a p p ro ach  tow ard  a ra t io n a l  c l a s s i f i c a t io n  
of c l im a te .  G eo g r .  Rev. 38: 5 5 -9 4 .

T ukey, H .  B . ,  S .  H . W it tw e r ,  and M . J .  B u kovac . 1962 . The u p ta k e  and
lo s s  of m a te r ia ls  by le a v e s  and o th e r  a b o v e-g ro u n d  p a r ts  w ith  
sp e c ia l  re fe re n ce  to  p la n t  n u tr i t io n .  Agrochim ica 7: 1-2 8.

T ukey, H .  B. J r .  and R. A. M eck le n b u rg .  1964. L each ing  of m e ta b o l i te s  
from fo liag e  and  s u b se q u e n t  re a b so rp t io n  and re d is t r ib u t io n  of th e  
le a c h a te  in  p l a n t s .  Amer. J . Botany 51: 737-742 .

T ukey , H .  B. J r .  1966. Leach ing  of m e ta b o l i te s  from ab o v e-g ro u n d
p a r ts  and i t s  im p l ic a t io n s .  Bull. Torrey Bot. C lub 93: 3 8 5 -4 0 1 .

U . S .  D epartm en t of A g r ic u l tu re . 1938. So ils  and  M e n .  U . S .  D e p a r t 
m ent of A gricu ltu re  Y earb o o k . U . S .  Governm ent Prin ting O ff ice ,  
W ash in g to n ,  D .  C .  1232 p .

_______ . 1951. Soil Survey M a n u a l . U . S . D epartm en t of A gricu lture
H andbook N o. 18. U . S . Governm ent Prin ting  O ff ice ,  W ash in g to n ,  
D . C .  503 p .

_______ . 1960. Soil C la s s i f ic a t io n :  A C o m p reh en s iv e  System  (7th Approxi
m a t io n ) . U . S .  Governm ent Prin ting O ff ic e ,  W ash in g to n ,  D . C .
265 p .

_______ . 1967. Supplem ent to  Soil C la s s i f i c a t io n  System  (7th Approxima
t i o n ) . U . S .  Governm ent Prin ting O ff ic e ,  W ash in g to n ,  D . C .
207 p .



206

U . S . D epartm en t of C om m erce , W ea th e r  B ureau . 1959. C lim a te  of the  
s t a t e s :  North D a k o ta .  C lim atog raphy  of th e  United  S ta te s  N o.
6 0 -3 2 .  15 p .

_______ . 1967. C lim a te  of Grand F o rk s ,  North D a k o ta .  C lim atography
of th e  U nited  S ta te s  N o. 2 0-32 . 4 p .

van  Groenew oud , H . 1964. O rd ina tion  and  c l a s s i f i c a t i o n  of S w iss  and 
C a n a d ia n  fo re s ts  by v a rio u s  b iom etric  and o th e r  m e th o d s .  Ber. 
G e o b o t.  I n s t .  ETH . S t i f tg . R u b e l , Z u r ich . 3 6: 2 8-102 .

V eihm eyer, F . J .  and A. H . H e n d r ic k so n .  195 0 . Soil m o is tu re  in  r e l a 
t io n  to  p la n t  g ro w th . Ann. R ev. P lan t P h y s io l .  1: 2 8 5 -3 0 4 .

Veihm eyer, F .  J .  1956. Soil m o is tu r e . p .  64-123 . In  W . Ruhland (ed.) 
P f lan zen p h y s io lo g ie  . Band II I .  Springer-V erlag  , W e in .

W a d le ig h ,  C .  H .  1946. The in te g ra te d  so i l  m o is tu re  s t r e s s  upon a root 
sy s tem  in  a la rg e  c o n ta in e r  of s a l in e  s o i l .  Soil S c i . 61: 225-23  8 .

W a l i ,  M . K . ,  G . F .  G ru e n d l in g , and D . W . B linn . 1972 . O b se rv a tio n s  
on th e  n u tr ien t  c o m p o s i t io n  of a f r e sh w a te r  la k e  e c o s y s te m .  Arch. 
H y d ro b io l . 69: 4 5 2 -4 6 4 .

W a l i ,  M . K. and  V. J . K ra jina . 1972 . V ege ta t io n -en v iro n m en t r e la t io n 
sh ip s  of some su b -b o re a l  sp ru ce  zone  e c o s y s te m s  in  British  
C o lu m b ia .  V egeta tio  24: 229-3  71 .

W a lk e r ,  B. H .  and C .  F .  W eh rh ah n .  1971. R e la t io n sh ip s  b e tw ee n
d er iv ed  v e g e ta t io n  g ra d ie n ts  and m easu red  env ironm enta l  v a r i 
a b le s  in  S a sk a tc h e w a n  w e t la n d s .  Ecology 52: 85-95  .

W a n e k ,  J .  W . 1967. The g a l le ry  fo re s ts  of th e  Red River of the  N orth .
P h .D .  T h e s i s .  North D ako ta  S ta te  U n iv . , F a rg o , North D a k o ta .

W ar in g , R. H .  and J .  M a jo r .  1964. Some v e g e ta t io n  of th e  C a l ifo rn ia  
c o a s ta l  redw ood reg ion  in  r e la t io n  to  g ra d ie n ts  of m o is tu re ,  
n u t r i e n t s ,  l i g h t ,  and te m p e ra tu re . E c o l . M onogr. 34: 167-215 .

W hitm an , W . C .  1954. V egeta tion  of North D a k o ta . p .  3 7 -6 1 .  In I .
T. D ie tr ic h  and J .  Hove (e d s .)  C o n se rv a t io n  of N a tu ra l  R esources  
in  North D a k o ta .  North D ak o ta  S ta te  U n i v . , F a rg o .

W h i t t a k e r ,  R. H .  1956.  Vegeta tion  of the  G rea t  Smoky M o u n t a i n s .  Eco l .
M onogr .  2 6: 1 -8 0 .



207

_______ . 1960. V egeta tion  of the  S isk iyou  M o u n ta in s ,  Oregon and
C a l i fo rn ia .  E c o l . M onogr. 3 0: 2 79-33 8.

_______ . 1962 . C la s s i f i c a t io n  of n a tu ra l  com m unitie s  . Bot. Rev. 28:
1 -2 3 9 .

W h it ta k e r ,  R. H .  and W . A. N ie r in g .  1965 . V egeta tion  of th e  S an ta  
C a ta l in a  M o u n ta in s ,  A rizona: a g rad ien t  a n a ly s i s  of th e  sou th  
s lo p e .  Ecology 46: 429-452  .

W h it ta k e r ,  R. H .  1967. G rad ien t a n a ly s i s  of v e g e t a t i o n . B iol. R ev .
42: 2 0 7 -2 6 4 .

W ith e rsp o o n ,  J .  P . J r .  1964. C y cling  of c e s iu m -1 3 4  in  w hite  oak  t r e e s .  
E co l .  M onogr. 34: 403-42  0 .

Wood w e l l ,  G . M . and  R. H .  W h it ta k e r .  1967. Primary p roduc tion  and 
th e  c a t io n  b udge t of th e  Brookhaven F o r e s t ,  p .  1 5 1 -1 6 6 .  In 
H .  E . Young (ed .)  Symposium on Primary P roduction  and  M inera l  
C ycling  in  N a tu ra l  E c o s y s te m s .  O rono, M a in e .


	Vegetation of the Forest River Biology Area in Relation to Environmental Gradients and Some Patterns and Processes of Nutrient Cycling
	Recommended Citation

	tmp.1615406403.pdf.G_vWA

