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Abstract:
Eight Western Montana soils were investigated by laboratory and field trials to determine relative
"levels of available nitrogen, phosphorus, potassium, and boron. Fertility levels of each soil were
determined by computing the median of chemical determinations from each soil. Soil test data from
each trial site were compared to the median of the series to determine how well the site represented the
fertility status of the series. Results of each field trial were weighed against these comparisons and
interpretations were made accordingly.

Nitrogen caused significant yield response in barley on most soils, with thirty pounds per acre
generally producing near maximum yields. Phosphorus fertilization of spring barley caused
inconsistent responses, not related to soil test phosphorus. Potassium response occurred on potatoes
only when soil test potassium was low. Boron did not affect potato yields on any soil studied.

Attempts to relate a particular fertility level to each soil type were not successful due to the limited
number of soil test samples and field trials, the influence of differential past management within soil
types, the influence of weed infestations, and uneven irrigation on certain trials. 
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ABSTRACT

E ight W estern Montana s o i l s  were in v e s t ig a te d  by la b o ra to ry  and 
f i e l d  t r i a l s  to  determ ine r e l a t i v e  " lev els  o f a v a ila b le  n itro g e n , phos­
phorus , po tassium , and boron* 'F e r t i l i t y  le v e ls  o f each s o i l  were de­
term ined  by computing th e  median o f chem ical d e te rm in a tio n s  from each 
s o il*  S o il  t e s t  d a ta  from each t r i a l  s i t e  were compared to  th e  median 
of th e  s e r ie s  to  de te rm in e"how w e ll th e  s i t e  re p re se n te d  th e  f e r t i l i t y  
s ta tu s  o f th e  s e r ie s*  R esu lts  o f each f i e l d  t r i a l  were weighed a g a in s t 
th e se  com parisons and in te r p r e ta t io n s  were made accordingly*

N itrogen  caused s ig n i f ic a n t  y ie ld  response  in  b a r le y  on most 
s o i l s ,  w ith  t h i r t y  pounds p e r acre  g e n e ra lly  producing near maximum 
y ie ld s .  Phosphorus f e r t i l i z a t i o n  o f sp r in g  b a r le y  caused in c o n s is te n t  
re sp o n se s , not r e la te d  to  s o i l  t e s t  phosphorus. Potassium  response 
occurred  on p o ta to e s  only  when s o i l  t e s t  potassium  was low* Boron d id  
not a f f e c t  p o ta to  y ie ld s  on any s o i l  s tu d ie d .

Attem pts to  r e l a t e  a p a r t i c u la r  f e r t i l i t y  le v e l  to  each s o i l  
type were not su c c e ss fu l due to  th e  l im ite d  number o f s o i l  t e s t  samples 
and f i e l d  t r i a l s ,  the  in flu en c e  o f d i f f e r e n t i a l  p a s t management w ith in  
s o i l  ty p e s , the  in f lu e n c e  o f weed in f e s ta t io n s ,  and uneven i r r i g a t io n  
on c e r ta in  t r i a l s .
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INTROIUCTION

W ithin  the  l a s t  c en tu ry  s o i l  has been recognized  as a c o l le c t io n  

of n a tu ra l  bod ies which can be c l a s s i f i e d  and mapped on th e  b a s is  of 

p h y s ic a l p ro p e r t ie s  such as p r o f i l e  developm ent, dep th , c o lo r ,  te x tu r e , 

s t r u c tu r e ,  and s lo p e . Large a re a s  o f the  U nited  S ta te s  have been mapped 

in  d e t a i l .  These maps a re  o f v a lu e  in  determ in ing  s o i l  management 

problems and p re d ic t in g  e ro s io n  hazards and crop y ie ld .  They a lso  serve  

as a method of lan d  e v a lu a tio n  and g ive l e g i s l a to r s  and o th e rs  an approx­

im atio n  o f c o n se rv a tio n  needs and th e  re so u rce  p o te n t ia l  o f our a g r ic u l­

t u r a l  la n d ,

A m ajor p o te n t ia l  use o f s o i l  su rvey  in fo rm atio n  in v o lv es  the 

d e te rm in a tio n  o f r e la t io n s h ip s  between s o i l  mapping u n i t s  and f e r t i l i t y  

c h a r a c t e r i s t i c s , A map which d is t in g u is h e s  s o i l  o f one f e r t i l i t y  s ta tu s  

from an o th e r w ith  reaso n ab le  accuracy would prove in v a lu a b le  in  p re d ic t­

ing  f e r t i l i z e r  needs.

An a ttem p t was made to  s tudy  c e r ta in  s o i l  ty pes o f  F la th ead  

County, Montana, in  r e l a t i o n  to  t h e i r  f e r t i l i t y  c h a r a c t e r i s t i c s , F la t -  

head County, ty p ic a l  o f th e  in te rm o u n ta in  a re a , p o ssesses  an abnormal ' 

com plexity  o f s o i l s  in c lu d in g  s e v e ra l  G reat S o il Groups in  a r e la t iv e ly  

sm all a re a , As in d ic a te d  by a d e ta i le d  s o i l  survey r e p o r t ,  many f i e ld s  

o r  management u n i t s  c o n ta in  s e v e ra l  s o i l  ty pes (2 4 ),

I t  was the  purpose o f t h i s  s tudy  to  in v e s t ig a te  s e v e ra l  q u estio n s  

r e l a t i n g  to  s o i l  f e r t i l i t y  in  th e  F la th ead  County a re a . F i r s t ,  what i s  

th e  f e r t i l i t y  s ta tu s  o f s e v e ra l  F la th e a d  County s o i l s ?  I s  th e re  any
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r e la t io n s h ip  between s o i l  type  and f e r t i l i t y  s ta tu s ?  Is  i t  p o ss ib le  

to  make f e r t i l i z e r  recommendations on th e  b a s is  o f in d iv id u a l  s o i l s  or 

groups o f s o i l s ?

This th e s is  w i l l  no t ad eq u a te ly  answer any of th e se  q u estio n s  

due to  the  l im i ta t io n s  involved  bu t should  g ive  some in d ic a t io n  o f the  

problem so The r e s u l t s  of th i s  s tudy  should  be of p a r t i c u la r  va lue  in  

th e  expansion o f a s o i l  re s e a rc h  program in  th e  a re a .
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REVIEW QF LITERATURE

Phosphorus

Many re se a rc h e rs  in  th e  f i e l d  o f s o i l  f e r t i l i t y  have s tu d ie d  the
\

in f lu e n c e  o f g e n e tic  s o i l  c h a r a c te r i s t i c s  upon n u tr ie n t  a v a i l a b i l i t y .  

S ev e ra l Canadian s c i e n t i s t s ,  u s in g  greenhouse te ch n iq u es , in v e s t ig a te d  

the  e f f e c t s  of phosphorus and potassium  on te n  s o i l  ty p e s , each re p re ­

sen ted  by n ine su rfa c e  s o i l s , (4* 14$ 15)« S o il  t e s t s  in d ic a te d  th a t  th e  

amount o f phosphorus and potassium  e x tra c te d  from th e  s o i l s  v a r ie d  s ig ­

n i f i c a n t ly  between s o i l  ty p e s . Data from fo u r  su ccess iv e  crops showed 

th a t  the  r e l a t i v e  e f f e c t  o f a p p lie d  phosphorus and potassium  on y ie ld  

and p la n t  up take  v a r ie d  s ig n i f i c a n t ly  between s o i l  ty p e s .

Smith (22) s tu d ie d  chem ical s o i l  t e s t  d a ta  accum ulated over a 

te n  y e a r  p e rio d  as a b a s is  f o r  an in v e n to ry  o f th e  f e r t i l i t y  s ta tu s  of 

Oklahoma s o i l s .  V a ria tio n s  in  n u tr ie n t  and a c id i ty  le v e ls  were a t t r i ­

buted to  in te r r e la t e d  in f lu e n c e s  o f th e  f a c to r s  o f s o i l  fo rm atio n .

S o ils  which were developed under s im ila r  f a c to r s  o f fo rm ation  appeared 

to  possess  s im i la r  n u tr ie n t  and a c id i ty  l e v e l s .

• S h rad e r, e t  a l ,  (21) p re sen ted  s e v e ra l  s t a t i s t i c a l  methods fo r  

e v a lu a tin g  th e  r e l a t iv e  e f f e c t  o f s o i l  type on th e  crop  y ie ld  obtained  

in  a long  tim e r o t a t i o n - f e r t i l i t y  experim ent. They found th a t  a l l  

methods o f a n a ly s is  used  in d ic a te d  th a t  d if f e re n c e s  in  y ie ld  were a s so c i­

a ted  w ith  s o i l  ty p e s .

Young, e t  a l ,  (25) s tu d ie d  e ig h t New York s o i l  ty p e s . They found 

th a t  th e re  was a s ig n i f ic a n t  d if f e re n c e  in  th e  phosphorus supply ing
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power o f th e se  s o i l s .  S o il  t e s t s  a c c u ra te ly  in d ic a te d  th e  phosphorus 

a v a i l a b i l i t y  in  a l l  s o i l s  excep t one where adequate q u a n t i t ie s  o f phos­

phorus were su p p lied  to  p la n ts  even though th e  s o i l  t e s t  in d ic a te d  a 

l e s s  than  adequate l e v e l ,

Dennis and Ghesniv (IQ) s tu d ie d  the  phosphorus a v a i l a b i l i t y  by

ho rizo n s o f s o i l s  by co n sid e rin g  th e  y ie ld  and chem ical com position of
)

a l f a l f a  grown on s o i l s  s e le c te d  from each h o rizo n . They found a d i f ­

f e r e n t  d i s t r ib u t io n  o f the  phosphorus between s o i l s  s tu d ie d . For ex­

ample, th e  A and D1 ho rizo n s o f Thurman s e r ie s  possessed  la r g e r  amounts 

of a v a ila b le  phosphorus than  th e  B h o riz o n , C arrin g to n  decreased  in  

a v a ila b le  phosphorus w ith  depth  w hile  'Crete in c reased  in  a v a ila b le  phos­

phorus w ith  d ep th .

S tu d ies  have been made in  Nebraska r e l a t in g  phosphorus s ta tu s  to  

s o i l  type (1 0 ) , Phosphorus le v e ls  of the  A ho rizo n  d i f f e r e d  g re a t ly  

between s o i l s  o f th e  same s e r i e s .  However, th e  phosphorus le v e ls  of 

the  low er h o rizons were s t r ik in g ly  s im i la r  among th e  members o f each 

s e r ie s  s tu d ie d . The d if fe re n c e s  in  th e  phosphorus le v e ls  o f th e  su rfa ce  

s o i l s  i s  co n sid ered  to  be due to  management p ra c t ic e s  o r  e ro s io n ,

Baumgardner and. Barber (7 ) s tu d ie d  phosphorus up take  in  a green­

house u s in g  s o i l  and p la n t  a n a ly s is „ They a t t r ib u te d  phosphorus a v a il­

a b i l i t y  to  th e  e f f e c t s  o f p a re n t m a te r ia l ,  o rgan ic  m a tte r , and s o i l  

d ra in ag e  c h a r a c t e r i s t i c s „ On th e  same s o i l .  Bishop and B arber (8) 

found th a t  th e  a c id i ty  o r a lk a l in i t y  o f th e  e x tra c t in g  s o lu t io n  a f f e c ts  

s o i l  t e s t  r e s u l t s  and should  be considered  in  in te r p r e ta t io n s .  I t
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appeared th a t  some s o i l s  co n ta in  la rg e  amounts of calcium  phosphate 

which is  so lu b le  in  a c id  e x tra c t io n s  w hile  o th e r  s o i l s  c o n ta in  a r e l a ­

t i v e ly  la rg e  amount o f aluminum phosphate w hich i s  more so lu b le  in  a lk a ­

l in e  e x tra c t io n s  and i ro n  phosphate which i s  so lu b le  in  b o th  ac id  o r 

a lk a l in e  e x t r a c t s ,

Allaway and Rhoades ( l )  have a t t r ib u te d  the  changes in  the  n a tu re  

and d i s t r ib u t io n  of phosphorus in  s o i l s  formed from calca reo u s lo e ss  to  

s e v e ra l  f a c to r s , F i r s t ,  th e re  a p p a re n tly  i s  some movement o f phosphorus 

w ith in  th e  s o i l  p r o f i le  s in ce  th e  t o t a l  phosphorus co n ten t o f s o i l s  

w ith  a lim e h o rizo n  ten d s  to  be a t  maximum near th e  to p  o f th e  lim e 

h o rizo n . Secondly, in  s o i l s  which rem ain n e u tra l  o r  on ly  s l i g h t l y  ac id  

during  s o i l  fo rm atio n , a conversion  o f  a c id -so lu b le  forms o f phosphorus 

to  o rg an ic  phosphorus compounds seems to  occu r. This o rg an ic  phosphorus 

g e n e ra lly  i s  co n cen tra ted  in  th e  su rfa ce  h o riz o n s . T h ird ly , in  s o i l s  

th a t  a re  ledched  and become a c id , phosphorus accum ulates on th e  su rface  

o f s o i l  p a r t i c l e s .  The fo rm ation  b f th e se  adsorbed phosphates i s  ap­

p a re n tly  in au g u ra ted  in  th e  su rfa ce  ho rizo n s o f th e  p r o f i l e  bu t may 

occur in  deeper h o rizo n s o f h ig h ly  leached  s o i l s .

Potassium

Allaway and P ie r r e  (2 ) determ ined th a t  h igh lim e s o i l s  re q u ire  

more exchangeable potassium  than  a c id  s o i l s  in  o rd e r to  su p p o rt good 

crop  grow th.

Rouse and Bertram son (2 0 ) , s tu d y in g  Ind iana  s o i l s ,  concluded 

th a t  a d e f in i te  r e la t io n s h ip  e x is t s  between th e  potassium  supply ing
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power and th e  amount o f i l l i t e  p re se n t in  the  s i l t  and c la y  f r a c t io n s .  

Potassium  supp ly ing  power was found to  be in v e rs e ly  r e la te d  to  the  

amount and type of potassium  f ix a t io n  which o ccu rs ,

Pearson  ( I S ) j in v e s t ig a t in g  s o i l s  o f  Alabama, found co n sid erab le  

v a r ia t io n  between th e  s o i l s  s tu d ie d  w ith  r e s p e c t  to  t h e i r  r a t e  o f  re ­

le a s e  o f po tassium . I t  appeared th a t  s o i l s  co n ta in in g  m o n tm o rillo n ite  

re le a s e d  potassium  more r e a d i ly  than  d id  k a o l in i t i c  s o i l s ,

A ttoe (5 ) recogn ized  th a t  the  tra n s fo rm a tio n  o f exchangeable 

potassium  in to  non-exchangeable forms upon d ry ing  may v a ry  w id e ly  be­

tween s o i l s ,  His in v e s t ig a t io n  su g g es ts  two types o f p o ta sh  f ix a t io n ;  

th a t  which proceeds in  m oist s o i l s ,  i s  in c re ase d  by lim in g  and f ix e s  

potassium  in  a form f a i r l y  so lu b le  in  0 ,5  M HGl, and th a t  which proceeds 

o n ly  on d ry in g , i s  f a i r l y  independent o f pH, and f ix e s  potassium  in  a 

form f a i r l y  in s o lu b le  in  0 ,5  N HGl,

Garman (1 1 ) , a f t e r  examining 17 Ohio and New York s o i l s ,  d e te r ­

mined th a t  potassium  re le a s e  from bo th  su rfa ce  and su b su rface  s o i l s  

fo llow ed  th e  o rd e r  Brown F o re s t  Gray-Brown P odzo lic  Brown P odzo lic  

Podzol,

Pope and Gheney (19) in v e s t ig a te d  20. s o i l s  re p re se n tin g  seven 

s o i l  ty p e s . They determ ined th e  amount o f non-exchangeable potassium  

removed by la d in o  c lo v e r in  the  greenhouse and found a d e f in i te  cor­

r e la t io n  between potassium  a v a i l a b i l i t y  and s o i l  ty p e . They concluded 

th a t  the  amount of non-exchangeable potassium  removed depended upon 

th e  p a re n t m a te r ia l ,  th e  degree o f w eathering  and d ra inage  e h a r a c te r is -
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t i c s  o f th e  s o i l .

U itrogen

The e f f e c t s  o f s o i l  fo rm ation  on o rg an ic  m a tte r  has been shown 

by Jenny (1 2 ) . At c o n sta n t te m p e ra tu res , o rgan ic  m a tte r  in c re a se s  ■ 

lo g a r i th m ic a l ly  w ith  in c re a s in g  m o is tu re . I f  th e  m o is tu re  rem ains 

c o n s ta n t, o rg an ic  m a tte r  d e c lin e s  lo g a r i th m ic a l ly  as th e  tem peratu re  

r i s e s .

A lliso n  (3 ) e s tim ated  th a t  th e  pe rcen tag e  o f n itro g e n  in  the 

s o i l  which i s  re le a s e d  to  one crop  i s  r e la te d  to  the  s o i l  te x tu r e .  The 

p e rc en t r e le a s e  v a r ie d  from 1 .25  on c la y  s o i l  to  6 p e rc en t on sand s o i l .

Debetz ( 9 ) ,  growing sp rin g  wheat on two s o i l  types w ith  vary ing  

m o istu re  and n itro g e n  le v e ls  found th a t  in c re a s in g  n itro g e n  and m oistu re  

in c re a se d  the  g ra in  y ie ld  on both  s o i l s .  On one s o i l ,  in c re a s in g  

n itro g e n  in c re a se d  p ro te in  w h ile  in c re a s in g  m oistu re  decreased  the pro­

t e in .  He concluded th a t  th e  d if fe re n c e  in  c h a r a c te r i s t i c s  o f s o i l  types 

was la r g e ly  due to  t h e i r  d if f e re n c e  in  te x tu r e .

S o il  M oisture

The d if fe re n c e  in  m o is tu re  c h a r a c te r i s t i c s  between s o i l s  w i l l  

undoubted ly  a f f e c t  t h e i r  management req u irem en ts . An a p p ra is a l  of 

th e se  c h a r a c te r i s t i c s  may be an im p o rtan t c r i t e r io n  f o r  making s p e c if ic  

f e r t i l i z e r  recom m endations. B a r te l l i  and P e te rs  (6 ) determ ined  s o i l  

m o istu re  c h a r a c te r i s t i c s  fo r  31 s o i l  ty p es  re p re se n tin g  th e  m ajor G reat 

S o il  Groups recogn ized  in  I l l i n o i s .  A v a ilab le  s o i l  m o istu re  and f i e l d
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c a p a c ity  were shown to  v a ry  by te x tu r a l  c la s s e s  f o r  each o f th e  s o i l  

groups s tu d ie d . S o il  m o is tu re  c h a r a c te r i s t i c s  appeared to  be co n sis­

te n t  w ith in  each o f th e  s o i l  types s tu d ie d .

>
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MATERIALS AND METHODS

The f e r t i l i t y  s ta tu s  of e ig h t s o i l  types in  F la th e a d  County, 

Montana, have been in v e s t ig a te d  by s e v e ra l  m ethods„ F i r s t ,  a v a ila b le  

s o i l  a n a ly s is  d a ta  from  each s o i l  type was compiled and s tu d ie d . Then, 

the  n itro g e n  and phosphorus le v e l  o f each s o i l  was in v e s t ig a te d  by im­

posing  fo u r  r a te s  o f n itro g e n  and th re e  r a te s  phosphorus on b a r le y  

grown on each s o i l .  The potassium  and boron le v e ls  o f s e v e ra l s o i l s  

were s tu d ie d , u s in g  fo u r  r a te s  o f two sources o f potassium  and one r a te  

o f boron on p o ta to e s . The s o i l s  in c luded  in  th e  s tu d y  a re  C reston  s i l t  

loam, F la th ead  f in e  sandy loam, K a lis p e l l  loam, T a lly  f in e  sandy loam, 

Swims s i l t y  c la y  loam, Somers s i l t y  c la y  loam, W alters s i l t y  c la y  loam, 

and Kiwanis loam.

S o il  Types-L

C reston  s i l t  loam i s  a Chernozem s o i l  developed under t a l l  g rass  

from g la c i a l  a lluv ium . I t  i s  a v e ry  p ro d u c tiv e  s o i l  co n ta in in g  r e la ­

t i v e ly  h ig h  le v e ls  o f o rg an ic  m a tte r , phosphorus, and potassium  as shown 

in  Table I ,  This s o i l  occurs p r im a r i ly  in  th e  e a s t - c e n t r a l  p o rtio n  

o f the  v a l le y  on broad te r r a c e s  (F ig u re  l ) ,

F la th e a d  f in e  sandy loam in te rg ra d e s  w ith  C reston  on th e f North 

and con tinues up th e  v a l le y  in te rs p e r s e d  w ith  bod ies o f  o th e r  s o i l s ,  

F la th ead  i s  a lso  a Chernozem developed under t a l l  g ra s s . I t  i s  s im ila r

!D e ta ile d  s o i l  s e r ie s  d e s c r ip t io n s  appear in  the  Appendix,
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to  G reston  except th a t  i t  p o ssesses  a th ic k e r  solum, c o a rse r  te x tu re , 

and la c k s  a marked accum ulation  o f calcium  carb o n ate , F la th ead  s o i l s  

possess s l i g h t l y  lower le v e ls  o f o rg an ic  m a tte r , phosphorus, and p o tas­

sium th an  Gres to n o

K a l is p e l l  loam i s  a C hestnut s o i l  developed under a m oderate 

cover o f  g ra s s . I t  g e n e ra lly  occurs in  th e  c e n tr a l  and w este rn  p o rtio n  

of th e " v a lle y  in  r e l a t i v e l y  sm all a re a s , in te rs p e r s e d  by o th e r  s o i l s ,  

K a l is p e l l  i s  l i g h t e r  co lo red  th an  C reston  o r  F la th ead  and has a th in n e r  . 

solum. Pronounced h o rizo n s o f calcium  carbonate  a re  found below th e  

solum, K a l is p e l l  co n ta in s  o rg an ic  m a tte r  le v e ls  s im ila r  to  Greston., a 

r e l a t i v e l y  h igh  potassium  le v e l  but a v e ry  low phosphorus l e v e l .  Almost 

o n e - th ird  o f K a l is p e l l  su rfa c e  samples showed e ffe rv escen ce  w ith  hydro­

c h lo r ic  a c id  w hile  o n ly  about te n  p e rc en t o f th e  C reston  and F la th ead  

s o i l  samples were ca lca reo u s  a t  th e  s u rfa c e ,

K a l is p e l l  i s  o f te n  a sso c ia te d  w ith  a complex o f T a lly , B lanchard, 

and F la th ead  s e r i e s .  These th re e  s o i l s  a re  so c lo s e ly  a s s o c ia te d  th a t  

i t  i s  im p ra c tic a l  to  map them s e p a ra te ly , B lanchard i s  a v e ry  l i g h t ,  

h ig h ly  erodab le  s o i l  occupying d u n e lik e  topography which g e n e ra lly  i s  

no t t i l l e d .  T a lly  i s  a C hestnut s o i l  developed from alluv ium  under 

g ra ss  v e g e ta tio n . I t  possesses  a calcium  carbonate  accum ulation  s im ila r  

to  K a l is p e l l  but has g r e a te r  depth  and l i g h t e r  te x tu re s .  T a lly  s o i l s  

co n ta in  s l i g h t l y  low er o rg an ic  m a tte r  th an  K a l i s p e l l , Both s o i l s  

po ssess  a r e l a t i v e ly  h ig h  potassium  le v e l  and a low phosphorus l e v e l .  

T a lly  has a low er pH and l e s s  c a lca reo u s  su rfa c e  s o i l  th an  K a l is p e l l ,
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Table I 0 Median s o i l  a n a ly s is  d a ta  o f S s o i l  s e r ie s .

S o il
Ho, of 
samples ' pH Gond KgO P2O5 O.M. Lime#

G reston 42 7 ,7 14 450 75 3.5% 12#

F la th ead 33 7 .5 5 340 51 2.9% 9#

K a lis p e l l 53 8 ,2 14 550 37 3.4% 32#

T a lly 19 7 .5 13 525 - 45 3 .0 # 10#

Somers 40 8 .2 17 350 22 4.0% 18#

Swims 34 8 .4 15 380 24 ' 3 .0 # 47#

Kiwanis 14 8 .4 14 250 25 2 .2 # 36#

W alters 16 8 .0 13 400 250 3 .1 # 30#

-Si-The percen tag e  of s o i l s  which' showed e ffe rv escen ce  w ith  h y d ro ch lo ric  
a c id .
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Somers s i l t y  c la y  loam i s  a C hestnu t s o i l  developed under g rass 

v e g e ta tio n  w ith  a s c a t te r in g  o f p ine t r e e s .  I t  occupies p o s it io n s  on 

low te r r a c e s  a d ja c e n t to  m ajor stream s and r iv e r s .  Somers i s  f in e r  te x ­

tu red  and more p o o rly  d ra in ed  th an  most s o i l s  in  the  a re a . I t  possesses 

a m oderate calcium  carbonate  h o rizo n  below th e  solum. This s o i l  pos­

se s se s  a h ig h  o rgan ic  m a tte r  co n ten t and an average potassium  le v e l .  

Phosphorus le v e ls  a re  ex trem ely  low w hile  pH i s  r e l a t i v e l y  h ig h . Less 

than  20 p e rcen t o f  Somers s o i l  samples were ca lca reo u s  a t  the  su rfa c e .

Swims s i l t y  c la y  loam i s  a Gray Wooded s o i l  developed under 

m oderate to  d e n se .p in e  f o r e s t  from re c e n t a lluv ium . I t  i s  l i g h t e r  

co lo red  and more su b je c t to  flo o d in g  than  Somers, but has s im ila r  

d ep th , te x tu r e ,  and d ra inage  c h a r a c t e r i s t i c s . Ground w ater g e n e ra lly  

occurs w ith in  ten  f e e t  o f the s u r fa c e . ' Swims s o i l s  have about average 

o rg an ic  m a tte r  and potassium  le v e l s .  Very low phosphorus le v e ls  occur 

and a lm ost o n e -h a lf  of Sw im e-soils a re  ca lca reo u s a t  th e  s u r fa c e . Swims 

s o i l s  po ssess  a r e l a t i v e l y  h ig h  pH.

Kiwanis loam , a R egosol, is- u n d e r la in  by g ra v e l and i s  c a lc a re ­

ous alm ost to  th e  s u r fa c e . I t  occurs in  th e  c e n tr a l  p o r t io n  o f the  

v a l le y  between th e  F la th ead  and W h ite fish  r iv e r s .  The n a tiv e  v eg e ta tio n  

o f Kiwanis was predom inan tly  g ra ss  w ith  m oderate s tands o f c o n ife rs . 

About o n e - th ird  of th e  Kiwanis s o i l s  a re  ca lca reo u s a t  the  su rfa c e .

This s o i l  p o ssesses  ve ry  low o rgan ic  m a tte r ,  phosphorus, and potassium  

le v e l s .

W alters s i l t y  c la y  loam occurs, in  a s s o c ia t io n  w ith  K iwanis.. I t
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i s  a Gray Wooded s o i l  developed under a f o r e s t  vegeta tion=  W alters i s ' 

s im ila r  to  Swims in  depth  and tex tu re=  I t  co n ta in s a s l i g h t  calcium  

carbonate  accum ulation in  the  B horizon= Compared to  the  o th e r  s o i ls  

in  th e  s tu d y , W alters has average o rg an ic  m a tte r , po tassium , and pH, 

w ith  a r e l a t i v e l y  h ig h  phosphorus level=

S o il  Chemical A nalysis

Chemical s o i l  a n a ly s is  d a ta  were o b ta ined  from th e  F la th ead  

County S o il T estin g  L ab o ra to ry  opera ted  by th e  F la th ead  County Extension 

S erv ice  and Montana S ta te  College= D eterm inations in c lu d ed  c o n d u c tiv ity , 

pH, o rg an ic  m a tte r , a v a i la b le  phosphorus, a v a ila b le  po tassium , and f re e  

lime= Data from s o i l  samples tak en  w ith in  each of the  e ig h t  s o i l  s e r ie s  

were compiled= The median d e te rm in a tio n s  fo r  each s o i l  s e r ie s  were found 

and used to  d e sc r ib e  th e  f e r t i l i t y  l e v e l  of each so il=

O rganic m a tte r  was determ ined u s in g  a method s im ila r  to  th a t  de­

sc r ib e d  by Jackson (13)= This c o n sis te d  o f t r e a t in g  a p re sc r ib e d  amount 

of s o i l  w ith  po tassium  dichrom ate in  th e  p resence o f co n cen tra ted  s u l­

f u r i c  a c id  u n t i l  th e  o rgan ic  m a tte r  was oxidized= The e x tr a c t  was f i l ­

te re d  and th e  amount of potassium  d i chromate rem aining was determ ined 

c o lo rim e tr ic a lly =  The o rg an ic  m a tte r  c o n te n t was computed by comparison 

w ith  a s ta n d a rd  curve=

A v ailab le  phosphorus was determ ined  u sin g  th e  Bray No= I  method 

d esc rib ed  by Sm ith, e t  a l  (23)» The s o i l  was e x tra c te d  w ith  a so lu tio n  

o f ammonium f lu o r id e  in  h y d ro c h lo ric  acid= Chlorom olybdic a c id  and 

ch lo rostannous a c id  were added to  th e  e x tra c t=  The phosphorus con ten t
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was determ ined  c o lo r im e tr ie a l ly  from  phosphomolybdate w hich develops 

co lo r i n t e n s i t i e s  correspond ing  to  th e  c o n c e n tra tio n  o f phosphorus.

Potassium  was determ ined by a method d esc rib ed  by th e  Oregon 

A g r ic u ltu ra l  Experim ent S ta t io n ,^  S o il was e x tra c te d  w ith  ammonium 

a c e ta te ,  f i l t e r e d ,  and the  potassium  co n ten t determ ined w ith  a flame 

photom eter.

F ie ld  T r ia l  P rocedures

S ite s  re p re s e n ta t iv e  o f each s o i l  type  were s e le c te d  and f i e ld  

t r i a l s  in v o lv in g  e i th e r  n itro g e n  and phosphorus r a te s  on b a r le y  o r 

potassium  ra te s  and boron on p o ta to e s  were e s ta b lis h e d . S o il  a n a ly s is  

d a ta  and cropping ' h is to ry  o f each experim ent appear in  Table I I .  T r ia l  

lo c a t io n s  a re  shown in  F igu re  2.

N itrogen  and Phosphorus on B arley

N itrogen  and phosphorus in  th e  form  of ammonium n i t r a t e  and 

t r e b le  superphosphate , r e s p e c t iv e ly ,  were banded in to  th e  s o i l  o f  p re­

sc r ib ed  p lo ts  in  one f o o t  rows. This was done w ith  a b e l t  seed er p laced  

on a P la n e t ,  J r .  d r i l l  which was mounted on a sm all w heel t r a c to r .  

Phosphorus r a te s  o f 0 , 403 and 80 pounds o f PgO^ and n itro g e n  r a te s  o f 

0 , 15, 30, and 45 pounds o f N per a c re  were ap p lied  in  a f a c t o r i a l  a r ­

rangem ent.

B arley  was seeded sin  approx im ate ly  the  same row th a t  th e  f e r t i -

IQregon S ta te  S o lle g e , A g r ic u ltu ra l  Experim ent S ta t io n  mimeo­
graphed l e a f l e t  S -34, Nov. 1954»

)
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Table I I 0 jShemical a n a ly s is  and p a s t management o f f i e l d  t r i a l s .

I

S o il
S e rie s T r ia l Date Farmer

S o il  A nalysis  
0,M, i  P2O ^  KpO^ pH P a s t Management

C reston A4 I960 4-5 24 7 .5 p e a s -g r - fa l^
B5 1961 530 c lo -c lo -g r -p o t

F la th ead A I960 2 .3 36 8 .2 ww-spr g r - f a l
A 1961 2 ,0 23 7 ,2 g r - f a l
B 1961 Johnson 326
B 1961 Mangle 212
B 1961 Dubay 246

KTal i s  p e l l . A I 960 3 .4 74 7 .4 g r - g r - f a l
B 1961 280

T a lly A I960 3 .2 44 8 ,1 g r-g r-h ay

Somers A I960 5 .2 76 7 .6 g r - f a l

Swims A I960 4-1 104 7 .8 g r - f a l
A ■ 1961 F r i t z 3 .7 84 8 ,0 g r - f a l
A 1961 Seney 2 .3 41 7 .9 g r - f a l
A 1961 G reer 2 .3 188 7 .4 g r - f a l

Kiwanis A I960 2 .7 13 8 .1 a l f a l f a

W alters A I960 3 .4 74 7 .9 a l f a l f a - g r - g r

!p e rc e n t o rg an ic  m a tte r  

^ a v a ila b le  phosphorus? pounds p er ac re  

^ a v a ila b le  potassium ^ pounds p e r ac re  

4-nitrogen and phosphorus on b a rle y  

5potassium  and boron on p o ta to es

6 g r_ g ra in s c lo -c lo v e r s p o t-p o ta to e s , ww-winter w heat, s p r  g r-sp rin g  
g ra in , f a l - f a l lo w ,  ■ '

.)



25

O  IV/rfiOGElV f\UD 
PHdSDHO^uS OAV 
BHHfLey

O PorfifS/L/OA 
A a;o 8oR o t\j 
oa / P o T flT o rs

A wef rvep 
SMr/o/vs

FI 6 0 RF i  LCZf iTICV \__
O f F E f i T l L n y  T R l f i L S  
F m d  W E A T H t r R  S T P i r i C U S



26

X izer was a p p lie d „ P lo ts  were tw enty f e e t  long  by fo u r  rows wide and 

were r e p l ic a te d  th re e  t im e s„ F e r t i l i z i n g  and seed ing  were done during  

th e  f i r s t  week in  May. S ix teen  f e e t  of each o f th e  two c e n te r  rows 

were h a rv e s te d  about the  m iddle o f A ugust, The g ra in  was cleaned  and 

weighed l a t e r  a t  th e  N orthw estern Branch Experim ent S ta t io n .

Potassium  and Boron on P o ta to es

A s p l i t  tu b u la r  shoe was p laced  on th e  b e l t  seed e r which f a c i l i ­

ta te d  the  placem ent o f  potassium  below and on both  s id e s \o f  p lan ted

p o ta to  seed p ie c e s . 'Potassium  of two so u rc e s , potassium  c h lo rid e  (m uri­

a te  o f p o ta sh ) and po tassium  s u l f a t e ,  were ap p lied  a t  r a te s  o f 0 , 25,

50, 75, and 100 pounds o f K^O per a c re .  A boron r a t e ,  4 pounds boron 

p e r a c re , was a ls o  in c o rp o ra te d  in to  th e  t r i a l s .

The p lo ts  co n s is te d  o f two tw enty  fo o t  rows spaced abou t fo r ty

inches a p a r t .  F e r t i l i z i n g  was done soon a f t e r  the f i e l d s  were p la n te d ,

about th e  l a s t  week in  May. Ten f e e t  of each row were h a rv ested  and 

weighed d u rin g  th e  f i r s t  week in  O ctober.

S t a t i s t i c a l  Methods ■

S t a t i s t i c a l  a n a ly s is  o f th e  n itro g e n  and phosphorus experim ents
-  ' -

was done fo llo w in g  procedures s e t  f o r th  by O stle  (17). u s in g  a n a ly s is  of 

v a rian ce  o f ■f a c t o r i a l s  w ith  a randomized b lock  d e s ig n .(p p . 349 )., S ta­

t i s t i c a l  a n a ly s is  o f th e  potassium  on p o ta to e s  experim ent was done 

fp llo w in g "p ro ced u res  f o r  a randomized com plete b lock  d esig n  (pp . 293).
r * ' i - V  , -

Ib  a l l  c a se s , th e  5 p e rcen t confidence le v e l  was used f o r  t e s t in g  s ig -  

n if ic a n c e .

i : f ■
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DISCUSSION AND RESULTS

W eather

W eather s ta t io n s  e x i s t  a t  fou r lo c a t io n s  in  F la th ead  County=

The C reston  and B igfork  w eather s ta t io n s  a re  lo c a te d  in  th e  so u th ea s te rn  

p o r tio n  o f th e  v a l le y  as shown in  F ig u re  2« S ta tio n s  a re  a lso  lo c a ted  

in  W a lisp e ll in  th e  sou thw este rn  a re a  and a t  F la th ead  County A irp o rt in  

th e  c e n tr a l  p o rtio n  o f th e  County= Average m onthly tem p era tu res  were 

comparable between w eather s ta t io n s  as shown in  Table III=  However, 

p r e c ip i ta t io n  v a rie d  s ig n i f i c a n t ly  between w eather s ta t io n s  du ring  both  

y ears  o f t h i s  in v e s t ig a t io n  (T able IV)=

During th e  I960 growing season tem p era tu res  averaged  0=5 degrees 

below normal w ith  o n ly  J u ly  p o ssess in g  h ig h e r  than normal tem peratu res = 

Almost ev ery  month o f i 960 re c e iv e d  below normal p r e c ip i ta t io n .  The 

d ry  June and h o t ,  d ry  J u ly  d r a s t i c a l l y  reduced  sp rin g  g ra in  y ields=

Most months o f 1961 rece iv ed  n ear normal r a i n f a l l ,  w hile  temper­

a tu re s  averaged two deg rees  above norm al= June rece iv ed  l e s s  than  nor­

mal r a i n f a l l  which was o f f s e t  by h ig h e r  th an  normal p r e c ip i ta t io n  during  

th e  e a r l i e r  months= Crop y ie ld s  in  1961 were near normal=

Comparisons o f p r e c ip i ta t io n  between w eather s ta t io n s  in d ic a te  

th a t  p r e c ip i ta t io n  in c re a se s  in  an e a s te r ly  d ir e c t io n  ac ro ss  th e  valley=  

This i s  p robab ly  due to  the h ig h  m ountain range b o rd e rin g  th e  e a s t  s id e  

o f th e  v a l le y  which causes warm a i r  to  r i s e  r e s u l t in g  in  condensation  

producing r a in .  Annual p r e c ip i ta t io n  i s  undoubtedly  a f fe c te d  by the  

m ountain ranges to  th e  n o r th  and e a s t ,  p a r t i c u la r ly  in  th o se  a reas  near
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Table I I I ,  Average m onthly tem p era tu res  and d e p a rtu re s  from long­
term  mean.

ISreston Big Fork K a lis p e l l F la th ead D epartures#

i 960

A p ril 4 4 .3 44 .3 44» I 43 .0 - 0 .7

May 50 .6 50.1 50.7 50.2 —2.2

June 59.6 60 „ O 60.0 58.0 —0 .4

J u ly 68,8 71,9 70.7 69.8 3 .8

August 60 0 6 62.0 61.6 61.0 . -3 .0

1961

A p ril 42 ,0 42 .4 41 .8 40.5 -3 .2

May 52.6 52.5 53 .7 52.4 0 .0

June 64.7 66,3 65.8 64.2 5 .8

J u ly 66,2 69.8 68.1 68.9 2 .9

August 67,8 70.9 # . 9 69.1 5.1

)
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Table BT0 T o ta l p r e c ip i ta t io n  and d e p a rtu re s  from long-term  mean.

Greston Big Fork K a l is p e l l  F la th ead  D epartu res*

i 960

January 1 .67 1.74

F ebruary 1 .10 I .03

March 1.01 1 .10

A p ril 1 .23 1.47

May 3.27 3.36

June .69 1 .37

J u ly .13' .21

T o ta l 9 .10 10.28

I 96I

January .65 .93

February 1 .46 1 .36

March 1 .96 2.99

A p ril 2.26 2.21

May 4.02 4.27

June 1.45 1 .06

J u ly .76 .26

T o tal 12.56 13.08

1 .00 1.30 — 0 02

.72 .83 — 012

„86 1.11 H O

„60 .82 — 0 20

2.35 3.34 1.71

.37 .62 —1.-81

0 0

-1 .1 3

5.97 8.05 -1 .4 7

.67 .75 -  .57

1.51 1.32 „40

1 .54 1.12 „11

2.34 2.01 .99

3.00 2.35 , .72

„71 -1 .7 2

1.20 ,04

10.61 9.46 -  .03
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th e  edges o f  the  v a lley=  These complex r a i n f a l l  p a t te rn s  may have had 

c o n sid e rab le  e f f e c t  upon s o i l  fo rm atio n . R a in fa l l  p robab ly  was o f m ajor 

s ig n if ic a n c e  in  determ in ing  w hether a g ra s s  o r  f o r e s t  dominated in  the  

n a tiv e  v e g e ta tio n .

R a in fa l l  d i s t r ib u t io n  appears to  be r a th e r  c o n stan t throughout 

th e  year excep t f o r  a r e l a t i v e ly  d ry  p e rio d  in  l a t e  J u ly  and e a r ly  

A ugust, I t  i s  d eb a tab le  w hether a fa llo w  season to  conserve s o i l  mois­

tu re  i s  e f f e c t i v e S u p p l e m e n t a l  i r r i g a t i o n  i s  econom ical f o r  most 

crops i f  ample ground w ater i s  a v a i la b le .

E f fe c t of N itrogen  and Phosphorus F e r t i l i z a t i o n

G reston s i l t  loam

The e f f e c t  o f n itro g en  and phosphorus f e r t i l i z a t i o n  on O reston 

s i l t  loam i s  shown in  Table V, Both n itro g e n  and phosphorus caused 

s ig n i f ic a n t  in c re a se s  in  the  y ie ld  o f  b a r le y .  Y ields in c re a se d  about 

f iv e  bushels per acre  from each o f th e  f i r s t  two increm ents o f n itro g en  

and decreased  s l i g h t l y  from  th e  th i r d  increm en t. Econom ically the  f i r s t  

two increm ents were p r a c t ic a l  s in ce  the  r e tu rn s  due to  th e  response 

were about tw ice  th e  c o s t  of th e  n itro g e n . The low r a i n f a l l  and the  

e f f e c t  on n i t r a t e  accum ulation  o f th e  p rev ious crop o f peas may have 

reduced the  e f fe c t iv e n e s s  o f the  l a s t  increm ent o f n itro g e n .

Phosphorus a t  a 40 pound r a te  in c re a se d  b a r le y  y ie ld s  about f iv e

■'•Reports o f the  N orthw estern Branch Experim ent S ta t io n ,  K a lis -  
p e l l ,  Montana,
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Table V0 E ffe c t o f n itro g e n  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y i e ld s s C reston  s i l t  loam, i 960.

N itrogen  in  pounds p e r 
O 15 30

acre
-45

Phosphorous Phosphorous
L bs./A cre Bushels p e r acre Average

O Rep. I 11.2 17.4 29 .4 21.4
Rep. 2 32.0 22.5 31.9 H .7
Rep. 3 19.8 18.8 30.3 32.4
T otal ' 63.O 58.7 91.6 65.5 23 .2

40 Rep. I 12.9 27.8 27 .3 22.5
Rep. 2 27.8 28 .4 32 .7 32.7
Rep. 3 31.3 27.6 39.4 36.8
T o ta l 72.0 83 .8 99 .4 92.0 28.9

80 Rep. I 11 .9 17.9 23 .6 24.3
Rep. 2 26.8 29 .4 30.6 30.9
Rep. 3 22.8 38.0 34.4 31.0
T otal 61.5 95 .3 88 .6 86.2 26.8

N itrogen  Average 21 .8 25.3 31.1 27.1

A nalysis  o f V ariance

Source df SS MS F F 5%

R e p lic a tio n s 2 621.0 310.5
N itrogen 3 405.1 135.0 5.29* 3.05
Phosphorous 2 179.7 89.9 3.52* 3.44
N x P 6 110.0 18 .3 0.72 2.55
E rro r 22 561.8 25.5

T o ta l 35 1877.6

x
■a.1 .

26.3
19.2

^ ■ sig n if ic a n t a t  th e  5 p e r c en t c o n fid e n c e  l e v e l .
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bu sh els  per a c re  and produced y ie ld s  a t  l e a s t  as h igh  as  th e  80 pound 

r a t e o This response  i s  econom ical. The 40 pound r a t e  o f  phosphorus i s  

a p p a re n tly  n ear th e  to p  o f the  response cu rve . T h ere fo re? low er r a te s  

may have g iven  equal response  a t  l e s s  c o s t .  The phosphorus le v e l  of 

t h i s  s o i l  was ex trem ely  low compared to  the, median o f th e  s e r i e s .  Thus9 

o th e r  fC reston s o i l s  may n o t show a s ig n i f ic a n t  response to  phosphorus.

F la th ead  f in e  sandy loam

R esu lts  o f a n itrogen -phosphorus t r i a l  on F la th ead  f in e  sandy 

loam in  I960 appear in  Table 71. N itrogen  produced s ig n i f ic a n t  b a r le y  

y ie ld  in c re a se s  w ith  each increm ent o f n itro g e n . S ince each increm ent 

in c re a se s  th e  y ie ld  o n ly  about two b u sh e ls  per a c re 9 n itro g e n  f e r t i l i z a ­

t io n  was n o t econom ical. B uring y e a rs  o f more normal r a i n f a l l  a s te e p e r  

n itro g e n  resp o n se  curve may occur which would r e s u l t  in  an economical 

re sp o n se . Check y ie ld s  were ex trem ely  low w ith  p la n ts  showing s ig n s  of 

drought damage. P la n ts  on p lo ts  which re c e iv e d  n itro g e n  d id  not appear 

to  be damaged9 in d ic a t in g  th a t  n itro g e n  in c re a se d  the  e f f ic ie n c y  of 

m o is tu re  u se .

There was no s ig n i f ic a n t  phosphorus response in  t h i s  t r i a l  even 

though the  phosphorus l e v e l  accord ing  to  s o i l  t e s t  was v e ry  low. The 

a v a ila b le  phosphorus in  t h i s  s o i l  i s  a p p a re n tly  h ig h e r th an  th e  s o i l  

t e s t  in d ic a te d .

A s im ila r  t r i a l  on F la th ead  f in e  sandy loam in  I960 showed re ­

sponse to  b o th  n itro g e n  and phosphorus as seen in  Table 711. This s o i l  

possessed  o rg an ic  m a tte r  and phosphorus le v e ls  s im ila r  to  th o se  o f th e

i.  •



33

Table T l. E ffe c t o f n itro g en  and phosphorous f e r t i l i z a t i o n  on b a r le y  
g ra in  y i e ld s s F la th ead  f in e  sandy loam, i 960.

N itrogen  in  pounds p e r acre 
0________ 15_______ 30_______ 45

Phosphorous 
Lbs 0 /Acre Bushels per a c re

Phosphorous
Average

O E e p I 6. 4 ■ 7=7 10.2 11.0
Rep 0 2 . 7=0 9 .0 10 .1 13=9
Rep, 3 4=6 7 .2 8 .2 15 = 6
T o ta l 18 .0 23.9 28.5 40 .5 9 .2

40 Rep. I 5 = 1 1 1 .3 12 .6 13 .6
Rep0 2 7=4 9 .6 12 .2 12.8
Rep. 3 8 .5 8 .6 13 .5 16 .7
T o tal 21.0 29.5 38.3 43 .1 11.0

80 Rep. I 8 .9 10.1 11 .5 12.3
Rep. 2 9=8 10.0 12 .1 18.8
Rep0 3 6 .9 9 = 4 6 .6 11.9
T o ta l 25 .6 29 .5 30.2 43 .0 10 .7

N itrogen  Average 7=2 9 .2 10 .8 H o l

A nalysis o f V ariance

Source df SS ES F F 5%

R e p lic a tio n s 2 10.5 5 .3
N itrogen 3 227.7 75.9 21.24* 3.05
Phosphorous 2 21 „ I 10 .6 2.95 3.44
N x P 6 15 .4 2 .6 0.71 2 .55
E rro r 22 78.6 3 .6

T o tal 35 353.3

X 0 . 0 0  10 0 3
GoVo o.-.o 5 = 8

^ s i g n i f i c a n t  a t  th e  5 p e r c en t -co n fid e n c e  l e v e l .
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Table V II0 E ffe c t o f  n itro g en  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y ie ld s ,  F la th e a d  f in e  sandy loam. Experim ent S ta t io n , 
1961.

N itrogen  in  pounds per 
0 15 30

acre
45

Phosphorous Phosphorous
Lbso /Acre Bushels p e r acre Average

0 Rep. I 5.8 7.2 15.0 12.6
Rep. 2 10.9 16 .6 11 .3 22.2
Rep. 3 1 .7 11 .3 19.3 11 .6
T o ta l 18 .4 35.1 45 .6 46 .4 12.1

40 Rep0 I 3.5 11.8 22 .6 2 4 .8

Rep0 2 7 .6 22.0 27.8 28.6
Rep0 3 2 .4 16.8 15 .3 22.6
T o ta l 13.5 50.6 65.7 76.0 17.2

s o Rep0 I 8.2 10.3 20.2 22.6
Rep0 2 13.8 17 .4 .26.9 18.5
Rep0 3 3.8 ' 9.1 27.3 25.0
T otal 25.8 36.8 74.4 66.1 16.9

N itrogen  Average 6 .4 13 .6 20 .6 20.9

A nalysis o f V ariance

Source d f SS ES F F 5%

R e p lic a tio n s 2 ■188.3. 94.2
N itrogen 3 /1277.0 . 425.7 30.34* 3.05
Phosphorous 2 193.0 96.5 6.88* 3.44
N x P 6 177.3 29.6 2.11
E rro r 22 308.6 14.0

T o ta l 35 2144.2

x . . . . 1 5 .4
G C V O O O O O 2 4 .3

-fr s ig n ifle a n t  a t  th e  5 p e r c en t c o n fid e n c e  l e v e l .
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I960 t r i a l  on F la th ead  sandy Ioam0 Each o f the  f i r s t  two increm ents of 

n itro g e n  r e s u l te d  in  economic b a r le y  y ie ld  in c re a s e s . This y ear more 

optimum w eather c o n d itio n s  e x is te d  and no drought e f f e c t s  were noted.

F o r ty  pounds of phosphorus in c re a se d  y ie ld s  about f iv e  bushels 

per a c re  w ith  no in c re a se  a t  a h ig h e r  r a t e .  The reason  f o r  th e  d i f f e r ­

ence in  phosphorus resp o n se  between t h i s  t r i a l  and the  i 960 t r i a l  i s  no t 

c le a r ly  un d ers to o d . I t  i s  a p p a ren tly  due to  y e a r ly  v a r ia t io n s  o r d i f ­

fe re n ce s  in  s o i l .

K a l is p e l l  loam

The r e s u l t s  o f  a n itrogen -phosphorus t r i a l  on K a l is p e l l  loam are

p re sen ted  in  Table F i l l .  S ig n if ic a n t  resp o n ses  occurred  w ith  each of
\

the  f i r s t  two increm ents o f  n itro g e n , in c re a s in g  b a r le y  y ie ld s  about 

f iv e  b u sh e ls  p e r a c re . A ll p la n ts  showed s ig n s  of m o is tu re  s t r e s s ,  

p a r t i c u la r ly  in  p lo ts  which had not rece iv ed  n itro g e n . This s o i l  pos­

s e s se s  an o rg an ic  m a tte r  c o n ten t comparable to  th e  median o f th e  s e r ie s .  

N itrogen  resp o n ses  could be expected  on K a lis p e l l  s o i l s  d u rin g  some 

y e a rs .

No phosphorus response  occu rred  in  th i s  t r i a l .  The phosphorus 

le v e l  of t h i s  s o i l  was c o n s id e ra b ly  h ig h e r  th an  th e  median o f the  

s e r i e s .  T h ere fo re , phosphorus response may occur on some K a lis p e l l  

s o i l s .

T a lly  f in e  sandy loam

The e f f e c t  of n itrd g e n  and phosphorus f e r t i l i z e r s  on b a r le y
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Table V III , E f fe c t of n itro g en  and phosphorous f e r t i l i z a t i o n  on b a r le y  
g ra in  y ie ld s ,  K a l is p e l l  loam, I960,

.

N itrogen in  pounds p e r 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs, /Acre Bushels p er acre Average

0 Rep, I 3 .1 9 .2 10 .5 9 .6
Rep, 2 2.1 8 .5 14 .0 12.4
Rep, 3 1 .6 7.1 9 .4 12.2
T o ta l 6.8 24.8 33.9 34.2 8 .3

40 Rep, I 1 .3 9.1 8 .8 13.4
Rep, 2 2.4 12 .2 11.0
Rep, 3 1 .6 5.8 14.3 8 .1
T o ta l 5.3 23.3 35.3 32.5 8 .0

80 Rep, I 2.8 6.9 1 0 .7 15.6
Rep, 2 1 .6 6.9 1 0 .6 5.4
Rep, 3 _ i a 7.9 14.1 10.3
T o tal 5 .7 21 .7 35.4 31.3 7 .8

N itrogen  Average 2 .0 7.8 1 1 .6 10.9

A nalysis  o f V ariance

Source df SS ES F F 52

R e p lic a tio n s 2 2 .3 1 .2
N itrogen 3 518.6 139.5 39.7* 3.05
Phosphorous 2 1 .4 0 .7 .2 3.44
N x P 6 2 .7 0.5 .1 2.55
E rro r 22 95.9 4 .4

T otal 35 620.9

x
C.V. 8,1

2 6 ,0

^ s ig n i f i c a n t  a t  th e  5 p e r c en t c o n fid e n c e  l e v e l
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grown on T a lly  f in e  sandy loam i n . I960 a re  shown in  Table IXe No f e r ­

t i l i z e r  tre a tm e n t gave s ig n i f ic a n t  y ie ld  re sp o n ses . P lo t  averages in ­

d ic a te d  th a t  econom ical y ie ld  in c re a se s  re s u l te d  from  15 and 30 pounds 

of n itro g e n . These in c re a se s  were not s t a t i s t i c a l l y  s ig n i f ic a n t  p robab ly  

due to  th e  la rg e  v a r ia t io n  w ith in  tre a tm e n ts  as exem plified  by the  h igh  

c o e f f ic ie n t  of v a r i a b i l i t y .  The t r i a l  was i r r ig a te d  r e s u l t in g  in  r e l a ­

t iv e ly  h igh  y ie ld s .  I t  appears t h a t  in  most n o n - ir r !g a te d  t r i a l s  in  

1961 w a te r was th e  most s ig n i f ic a n t  l im i t in g  f a c to r  s in c e  bo th  i r r ig a te d  

t r i a l s j  T a lly  and W a lte rs , produced r e l a t i v e l y  h igh  y ie ld s .  N e ith er of 

th e se  s o i l s  i s  considered  to  be p a r t i c u la r ly  p ro d u c tiv e . The reason 

fo r  th e  abnormal v a r ia t io n  in  th e  t r i a l  i s  unknown b u t could  be due to  

s o i l  o r i r r i g a t i o n  i r r e g u l a r i t i e s .  I r r i g a t io n  was perform ed by overhead 

s p r in k le r s  and s h i f t in g  wind may have p reven ted  uniform  d i s t r ib u t io n  of 

w a te r .

The o rg an ic  m a tte r  co n ten t o f t h i s  s o i l  was comparable to  the  

median o f  th e  s e r i e s .  Though th e  r e s u l t s  o f th i s  t r i a l  a re  not con­

c lu s iv e , i t  would appear th a t  n itro g e n  responses may occur on some T a lly  

s o i l s .  Phosphorus le v e l s  were q u ite  low on t h i s  s i t e  a s  w e ll as on 

most T a lly  s o i l s .  There i s  l i t t l e  in d ic a t io n  o f phosphorus response on 

th i s  s o i l .  L ikew ise, o th e r  T a lly  s o i l s  may no t respond to  phosphorus.

Swims s i l t y  c la y  loam

R esu lts  of a i 960 t r i a l  on Swims s i l t y  c lay  loam appear in  Table 

X, F if te e n  pounds o f  n itro g e n  produced s ig n i f ic a n t  y ie ld  in c re a se s  

amounting to  about f iv e  b u sh e ls  per a c r e .  A d d itio n a l n itro g e n  d id  not

\
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Table IX0 E f fe c t of n itro g e n  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y ie ld s 3 T a lly  f in e  sandy loam, I960.

N itrogen  in  pounds per 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs. /Acre Bushels p e r ac re Average

0 Rep. I 59.1 41.9 54.9 • 57.2
Rep. 2 31.8 47.3 4 5 .0 61.4
Rep. 3 41 .3 45.3 46 .6 34.7
T otal 132.2 133.5 146.5 153.3 47.1

40 Rep. I 45.0 51.7 47.9 58.1
Rep. 2 40 .4 45.2 60.9 61.7
Rep. 3 34.5 53.2 57.0 53.1
T o tal 119.9 150.1 165.8 172.9 50.7

80 Rep. I 43.8 49 .6 49.4 45.8
Rep. 2 38.2 40.6 43.8 3 6 .1

Rep. 3 61.9 55.5 58.7 69.1
T otal 143.9 145.7 151.9 151.0 49.4

N itrogen  Average 44 .0 47 .7 51.6 53.0

A nalysis  of V ariance

Source d f. SS IS F F 52

R e p lic a tio n s 2 141.9 71.0
N itrogen 3 413.3 137.8 1.45 3.05
Phosphorous . 2 46 .1 23.1 0 .24  ' 3=44
N x P 6 255.7 4 2 .6 0.45 2.55
E rro r 22 2081.3 94 .6

T o tal 35 2938.3

GoVo O O O O

49.1
33.0
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Table X0 E ffe c t o f n itro g e n  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y ie ld s ,  Swims s i l t y  c lay  loam, I960,

N itrogen  in  pounds per 
0 ■ 15 30

acre
45

Phosphorous Phosphorous
Lbs. A c re Bushels p e r acre Average

0 Rep. I 14 o 4 18.5 14.8 28 .7
Rep. 2 2 0 .1 22.6 28.4 16.3
Rep. 3 15 .3 17.9 19 .1 27.5
T o tal 49.8 59.0 62.3 72.5 20.3

40 Rep. I 14»4 25.'9 3 0 .0 31.3
Rep. 2 25.5 23.8 24=6 22.4
Rep. 3 17 .6 20.0 23.5 23.8
T o tal 57.5 69.7 78.0 77.5 2 3 .6

80 Rep. I 14.7 22.2 25.3 15.9
Rep. 2 15.7 28.2 24.9 25.3
Rep. 3 16 .6 22.8 17 .2 16.3
T otal 47 .0 73.2 66.4 57.5 20.3

N itrogen  Average 17.1 22.4 23.0 23.1

A nalysis  o f V ariance

Source df SS ' MS F F 5%
• * • , • i

R e p lic a tio n s 2 67.7 33.9
N itrogen 3 ' 219.3 73.1 3.80* 3.05
Phosphorous ■ 2 ... 84^4 42.2 2.19 3=44
N x P  ''' 6 88.5 13.8 0 .7 7 2.55
E rro r 22 422.9 19.2

T o tal 35 882.8

X
0,7. 21 .4

2 0 .5

^ s ig n i f i c a n t  a t th e  5 p e r c en t c o n fid e n c e  l e v e l .
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a f f e c t  y ie ld s „ ■ This is  th e  on ly  t r i a l  where 15 pounds o f n itro g e n  pro­

duced maximum y i e l d s „ The o rg an ic  m a tte r  co n ten t o f th i s  s o i l  was con­

s id e r a b ly  h ig h e r th an  the  median o f th e  s e r i e s .  -O ther Swims s o i l s  may 

respond to  h ig h e r r a te s  o f  n itro g e n . The phosphorus le v e l  o f th i s  s o i l  

was r e l a t i v e l y  h ig h  compared to  the  median o f  th e  s e r i e s .  O ther Swims 

s o i l s  may show response w ith  phosphorus even though t h i s  s o i l  d id  n o t.

In  1961s t r i a l s  were e s ta b lis h e d  on Swims s i l t y  c la y  loam a t  th re e  

lo c a t io n s ;  th e  G reer farm in  th e  so u th e a s te rn  p o rtio n  o f th e  v a l le y , 

the' F r i t z  farm  in  the  c e n tr a l  p o r t io n , and th e  Seney farm  in  th e  sou th­

w este rn  p a r t  of th e  v a l le y .  The t r i a l  r e s u l t s  from the  F r i t z  and Greer 

farm s a re  shown in  Table XI and Table X II, r e s p e c t iv e ly .  N e ith er o f 

the  t r i a l s  responded s ig n i f i c a n t ly  to  n itro g e n  o r phosphorus. Both 

t r i a l s  were s e r io u s ly  in fe s te d  w ith  w ild  o a ts  which a p p a re n tly  in f lu ­

enced the r e s u l t s .  The t r i a l  on th e  F r i t z  farm  v is u a l ly  showed in c reased  

w ild  o a t growth in  th e  n itro g e n  p lo t s .  This com petition  undoubtedly 

a f fe c te d  th e  r e s u l t s .  Both t r i a l s  possessed  h ig h e r  phosphorus le v e ls  

th an  th e  median o f th e  s e r i e s .  The F r i t z  t r i a l  was r e l a t i v e l y  h ig h  in  

o rg an ic  m a tte r  w h ile  the  G reer t r i a l  was q u i te  low. The G reer t r i a l  

was r e l a t i v e ly  h igh  in  a v a ila b le  phosphorus. These t r i a l s  i l l u s t r a t e  

th a t  weed in f e s ta t io n  can s ig n i f i c a n t ly  in f lu e n c e  f e r t i l i z e r  resp o n se .

R esu lts  o f th e  t r i a l  on th e  Seney farm  a re  p re sen te d  in  Table 

X III . S ig n if ic a n t  resp o n ses  occurred  from bo th  n itro g e n  and phosphorus. 

The f i r s t  increm ent o f n itro g e n  in c re a se d  y ie ld s  about seven bushels 

per a c re , fo llow ed  by an a d d it io n a l  13 b u sh e l in c re a se  from th e  second
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Table XI„ E f f e c t  o f n itr o g e n  and phosphorous f e r t i l i z a t i o n  on b a r le y
g r a in  y i e l d s s Swims s i l t y  c la y  loam on the E arl F r i t z  fa n n s
1961 .

N itrogen in  pounds p e r 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs o/Acre Bushels per acre Average

0 Rep0 I 63.7 42o4 44.3 67.6
Rep0 2 60.3 28.3 26.6 34.1
Rep0 3 49.5 39,8 39.3 59.4
T otal 173.5 110.5 - 110.2 161.1 46 .3

40 Rep0 I 41 .9 54.9 55.1 43.0
Rep0 2 52.9 4 1 .8 50.9 55.9
Rep0 3 34.7 46 .4 .J 6 .4, 43.3
T otal 129.5 143.1 142.4 1 4 2 .2 46 .4

SO Rep0 I 5 1 .8 42.7 37.8 48 .4
Rep0 2 35.4 4 8 .4 31.5 39.2
Rep0 3 28 01 _41z2 48.6 60.1
T o ta l 115.3 132.4 117.9 147.9 42.8

N itrogen  Average 46.5 42.9 4 1 .2 50.1 -

A nalysis  of V ariance

Source df SS HS F F 5%
R e p lic a tio n s 2 352.9 176.5
N itrogen 3 42 .7 :  14 .2 0.15 3.05
Phosphorous 2 1 0 9 .2 54,6 0.56 3.44
N x P 6 127.4 21.2 0 .22 2.55
E rro r 20 1944.7 97.2

T o ta l 33 2576.9

x . . . . 45.2
ĜoV 0 OOO. 2 1 .8
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Table X II0 E f f e c t  o f  n itr o g e n  and phosphorous f e r t i l i z a t i o n  on b a r le y
g r a in  y i e l d s .  Swims s i l t y  c la y  loam  s o i l ,  Gordon G rier
farm , 19 6 1 .

N itrogen in  pounds per 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs0 A c re Bushels p e r acre Average

0 Rep0 I 1209 11 .3 -10,4 12.3
Rep0 2 15 .9 '1 7 .1 2 2 .9 20.1
Rep0 3 21» 3 20.4 25 .4 27 .6
T o ta l 50.1 46.8 58 .7 60.0 18.1

40 Rep0 I 13 .1 15 .3 17 .5 14.9
Rep0 2 14.9 17 .3 17.5 16.9
Rep0 3 25 .3 24.1 31.1 34.1
T o ta l 53.3 56.7 66.1 65.9 20,2

80 Rep0 I H o 6 13 .0 18 .8 15.9
Rep0 2 14.9 13.1 20.0 18.4
Rep0 3 17 .8 34.7 20.7
T o tal 4 7 .3 60.8 62.2 55.6 18.8

N itrogen  Average 16 .7 18 .5 20.8 20.1

• A nalysis  o f V ariance

Source df SS MS F F 5%

R e p lic a tio n s 2. ... 815 .1 407.6
N itrogen 3 87.8 29.3 1 .98 3.05
Phosphorous 2 26 .3 13 .1 0.89 3.44
N x P 6 33.4 5 .6 0.38 2.55
E rro r 22 325.8 14 .8

T o tal 35 1288.4

x . . 0 0  19 O 0
G 0 V o  O O . .  20 .3
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Table X I I I t, E f f e c t  o f  n itr o g e n  and phosphorous f e r t i l i z a t i o n  on b a r le y
g r a in  y i e l d s ,  Swims s i l t y  c la y  loam s o i l ,  Ben Seney farm ,
19 6 1 .

N itrogen in  pounds p er 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs 0 /Acre Bushels p e r a c re Average

0 Rep. I 50.3 82.3 82.1 73.0
Rep. 2 55.7 5 2 .0 76 .3 63.4
Rep. 3 55.7 73.4 66.1 66.5
T o ta l 161.7 207.7 224.5 202.9 66.4

40 Rep. I 6 1 .6 61.8 80 .4 6 5 .8

Rep. 2 5 2 .8 43.8 78 .8 76.3
Rep. 3 52.3 54.7 79.4 68.9
T o ta l 166.7 160.3 238.6 211.0 64.7

80 Rep. I 73.8 75.6 73.4 84.8
Rep. 2 43.8 73.3 81.6 75.4
Rep= 3 70.4 65.1 89.3 76.4
T otal 187.2 214.0 244.3 236.6 73.5

N itrogen  Average 57.3 64.7 78 .6 72.3

A nalysis  of V ariance

Source df SS ES F F 52

R e p lic a tio n s 2 349.7 174.9
N itrogen 3 2285.9 762.0 12.03* 3.05
Phosphorous 2 530.2 2 6 5 . I 4.18* 3.44
N x P 6 448.7 74.8 1 .18 2.55
E rro r 22 1393.8 63.3

T o ta l 35 5008.3

- . 68.2
Co Vo OOO. 1 1 .7

^ s ig n i f i c a n t  a t  the 5 p ercen t c o n fid e n c e  l e v e l .
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increm ent. The th i r d  increm ent a p p a re n tly  decreased  y ie ld s  s l ig h t ly .  

O rganic m a tte r  co n ten t o f t h i s  s o i l  was r e l a t i v e l y  low compared to  the  

median o f the  s e r ie s .

Phosphorus in c reased  y ie ld s  abou t seven bushels  p e r a c re  when 

e ig h ty  pounds were a p p lie d , At the  f o r ty  pound r a te  no response  o ccu rred . 

F ix a tio n  o f co n sid e rab le  amounts o f th e  f i r s t  increm ent o f  phosphorus 

may be th e  e x p la n a tio n . This i s  the  on ly  Swims s o i l  in v e s t ig a te d  w ith  

phosphorus le v e l s  as low as th e  median of the  s e r i e s .  There probably  

a re  o th e r  Swims s o i l s  which w i l l  respond to  phosphorus.

■Somers s i l t y  c la y  loam

The r e s u l t s  of a t r i a l  of Somers s i l t y  c la y  loam appear in  Table 

XIV. Both n itro g e n  and phosphorus gave s ig n i f ic a n t  responses in  b a r le y  

y ie ld .  Each increm ent o f n itro g e n  in c re a se d  y ie ld s  about two bushels 

p e r  acre  which was not enough to  o f f s e t  th e  c o s t  of th e  n itro g e n . The 

o rg an ic  m a tte r  o f  t h i s  s o i l  was th e  h ig h e s t of any s o i l  under in v e s t ig a ­

t io n  and c o n sid e ra b ly  h ig h e r  than  the  median of the  s e r i e s .

F o r ty  pounds o f phosphorus in c re a se d  b a rle y  y ie ld s  about f iv e  

bushels  p e r a c r e .  This s o i l  possessed  co n sid e rab ly  h ig h e r phosphorus 

le v e ls  th an  th e  median o f the s e r i e s .  On the  b a s is  o f t h i s  t r i a l ,

Somers s o i l s  p robab ly  w i l l  respond to  n itro g en  r a te s  up to  45 pounds 

p e r acre  and to  phosphorus r a t e s  up to  40 pounds.

Z iw anis loam

The t r i a l  on Z iw anis loam in  i 960 was a complete c rop  f a i l u r e
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Table XIV, E f fe c t of n itro g e n  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y ie ld s ,  Somers s i l t y  c lay  loam, I960,

N itrogen  in  pounds per 
0 15 30

acre
45

Phosphorous Phosphorous
Lbs, /Acre Bushels p e r a c re Average

0 Rep, I 19.6 11.9 15 .1 27.1
Rep. 2 9 .0 25.1 21 .3 25.5
Rep. 3 11 .9 15.4 24 .9 25.9
T o tal 40 .5 52.4 61.3 78.5 19,4

40 Rep. I 32.2 . 19 .8 28.8 28.6
Rep. 2 21.0 27.2 31.2 26.8
Rep. 3 14 .4 20.1 21 .6 26.2
T o tal 67.6 67.1 8 1 .6 81.6 24.8

80 Rep. I 2 5 .2 31 .7 36.3 34.4
Rep. 2 15 .9 16.9 21.3 22.9
Rep. 3 21 .6 20.9 27.8 29.1
T otal 62 .7 69.5 85.4 86.4 25.3

N itrogen Average 19 .0 21.0  ' 25 .4 27.4

A nalysis  of V ariance

Source d f SS MS F F 5%

R e p lic a tio n s 2 132.0 66.0
N itrogen 3 402.9 134.3 4.48* 3.05
Phosphorous 2 257.0 128.5 . 4.29* 3 «44
N x P  ' 6 58.9 9 .8 0 .33 2.55
E rro r 22 659.8 30.0

T o tal 35 1510.6

x  . . . . 2 3 .2

G.T* O O O O 23.6

-K-signific a n t  a t  th e  5 p e r c en t c o n fid e n c e  l e v e l „
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due to  d rough t damage. The g ra in  d r ie d  up w h ile  in  th e  boo t s ta g e .

There was no d if fe re n c e  in  th e  appearance o f th e  b a r le y  p la n ts  due to  

f e r t i l i z e r o This s o i l  i s  th e  sh a llo w e s t o f the  s o i l  types inc luded  in  

the  in v e s t ig a t io n  and occurs in  the  d r i e r  p o r tio n  o f th e  v a l le y .  I t  

does no t appear u n reasonab le  to  experience  a crop f a i l u r e  under th ese  

c o n d itio n s . Many of the  farm s on th i s  s o i l  a re  i r r ig a t e d .

■Walters s i l t y  c la y  loam

The e f f e c t  o f n itro g en  and phosphorus on b a r le y  y ie ld s  when grown 

on W alters s i l t y  c la y  loam i s  p re sen ted  in  Table XV. A s ig n i f ic a n t  

response  to  n itro g e n  was o b ta in ed , w ith  15 pounds in c re a s in g  y ie ld  

about seven b u sh e ls  p e r a c re . The second increm ent in c re a se d  y ie ld  

about th re e  bushels  per acre  and th e  th i r d  increm en t, l e s s  than  two 

bushels  p e r a c re . I t  i s  d o u b tfu l w hether th e  th i r d  15 pound increm ent 

was econom ical. The o rg an ic  m a tte r  c o n ten t o f th i s  s o i l  was comparable 

to  th e  median o f th e  s e r i e s .  This t r i a l  was i r r ig a t e d  and gave r e la ­

t i v e ly  high y ie ld s .

W alters s e r ie s  possesses  co n sid e rab ly  h ig h er phosphorus le v e ls  

accord ing  to  s o i l  t e s t  than  o th e r  s o i l s  in c lu d ed  in  th e  s tu d y . How-r- 

e v e r , th e  phosphorus le v e l  o f the  s o i l  a t  t h i s  t r i a l  was r e l a t i v e ly  

low . Even so , phosphorus gave no y ie ld  response .

Summary

A ll t r i a l s  responded s ig n i f i c a n t ly  to  n itro g e n  w ith  th e  excep­

t io n  of a t r i a l  on T a lly  f in e  sandy loam and two t r i a l s  on Swims s i l t y
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Table XV. E f fe c t o f n itro g e n  and phosphorous f e r t i l i z a t i o n  on b a rle y  
g ra in  y ie ld s ,  W alters s i l t y  c la y  loam,, i 960.

N itrogen in  pounds p er 
0 15 30

acre
45

Phosphorous Phosphorous
L bs. /Acre Bushels p e r acre Average

0 Rep. I 47 .8 44 .7 34.1 58.4
Rep. 2 48 .1 42 .2 4 5 .6 55,0
Rep. 3 38.5 50.0 43 .4 42.2
T o ta l 134,4 136.9 123.1 155.6 45 .8

40 Rep. I 4 4 .7  ■ 49.8 55.6 66.9
Rep. 2 37.8 54.4 6,5.1 . 49 .9
Rep. 3 37.6 44 .8 51.6 44.5
T o ta l 120.1 ■ 149.0 172.3 161.3 50.2

80 Rep. I 52.8 59.4 60 .3 60.1
Rep. 2 36.8 39.6 54.1 44.1
Rep. 3 28 .7 52.6 52.9 56.6
T otal 118.3 151.6 167.3 160..8 49 .8

N itrogen Average 410 4 4 8 .6 51.4 53.1

A nalysis  of V ariance

Source df SS ES F F 52
i

R e p lic a tio n s 2 360.6 180.3
N itrogen 3 714.6 238.2 4.95* 3.05
Phosphorous 2 141.3 70 .7 1 .47 3.44
N x P 6 463.8 77.3 1 .61 2.55
E rro r 22 1058.9 48 .1

T o ta l , 35 2739.2

3C 0 4 0 0 « 6
'GoVe OOOO 14 6 3

^ s i g n i f i c a n t  a t  th e  5 p ercen t c o n f id e n c e  l e v e l .



c la y  loam. The t r i a l  on T a lly  s o i l  was ex trem ely  v a r ia b le  and the  re ­

s u l t s  a re  p robab ly  not r e l i a b l e .  Both of th e  t r i a l s  on Swims s o i l  which 

d id  no t respond to  n itro g e n  were com plicated  by w ild  o a t in f e s ta t io n s .  

O ther Swims s o i l s  d id  respond to  n itro g e n .

G en era lly  maximum y ie ld s  were produced from t h i r t y  pounds of 

n itro g e n . Two t r i a l s  responded to  th e  th i r d  I 5 pound increm ent of n i­

tro g e n  bu t dem onstrated  response curves which ro se  so slow ly  th a t  no 

r a te  was econom ical. Both o f these  t r i a l s  were conducted in  i 960.

During a y e a r of more fa v o ra b le  m oistu re  th e se  t r i a l s  may have shown 

econom ical re sp o n se . There appeared to  be no r e la t io n s h ip  between 

n itro g e n  response  and o rgan ic  m a tte r  c o n te n t.

I t  i s  in te r e s t in g  th a t  n itro g en  d id  no t cause any s ig n i f ic a n t  

y ie ld  d e c rea se s  in  th e  d ry  y e a r ,  i 960. N itrogen  r a te s  a p p a ren tly  in ­

c reased  the  e f f ic ie n c y  of m oistu re  u se . This was p a r t i c u l a r ly  ev id en t 

on the  t r i a l s  where th e  check y ie ld  was ex trem ely  low and was d e f in i te ly  

a f fe c te d  by m o is tu re  s t r e s s .

Only t r i a l s  on S re s to n s F la th e a d 9 Swims9 and Somers gave s ig n i f i ­

can t resp o n ses  to  phosphorus. Each o f th e se  t r i a l s  a ls o  responded to  

n itro g e n . S evera l t r i a l s  which were v e ry  low in  s o i l  t e s t  phosphorus 

gave no response to  f e r t i l i z e r  phosphorus. Phosphorus d id  no t g e n e ra lly  

in c re a se  y ie ld s  econom ically . These f in d in g s  suggest t h a t  g e n e ra lly  

phosphorus f e r t i l i z a t i o n  o f  b a r le y  i s  not p r a c t i c a l .

48

E ffe c ts  o f Potassium  and Boron F e r t i l i z a t i o n
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F la th ead  f in e  .sandy loam

The e f f e c t  of po tassium  f e r t i l i z e r  on p o ta to es  grown a t  th e  Mangle 

farm  on F la th ead  f in e  sandy loam in  n o rth e rn  Lake Gounty i s  shown in  

Table XFI1, Both sources o f potassium  re s u lte d  in  s ig n i f ic a n t  y ie ld  

re sp o n se so G en era lly  ̂ th e  y ie ld  appeared to  in c re a se  w ith  each in c re ­

ment o f po tassium . A pparen tly  the to p  o f th e  y ie ld  response curve was 

not reached by th e  h ig h e s t r a te  of th e  experim ent s in ce  th e  l a s t  in c re ­

ment gave an ap p re c ia b le  re sp o n se . The sou rce  o f potassium  d id  no t ap- . 

p ea r to  in flu en c e  th e  y ie ld  o f p o ta to e s . N e ith er d id  th e re  appear to  

be any response  from boron.

A t r i a l  on th e  Abe Dubay farm showed no c o n s is te n t response from 

potassium , o r  boron (Table X FII) .  Some r a te s  o f potassium  appeared to  

g ive economic responses when p lo t  averages were compared. S ince no 

tre a tm e n t was s ig n i f i c a n t ly  d i f f e r e n t  from  the  check p lo t  average , d i f ­

fe re n ce s  may not be r e a l .

These two t r i a l s  possessed  th e  low est a v a ila b le  po tassium  le v e ls  

acco rd ing  to  s o i l  t e s t s  o f  any o f th e  f i v e  s i t e s  s tu d ie d  and should be 

the  most l i k e ly  to  e x h ib i t  resp o n se . F u r th e r  s tu d ie s  a re  needed on the  

e f f e c t  of potassium  on p o ta to  y ie ld  and q u a l i ty  b e fo re  any r e l i a b le  

recommendation can be made.

A t r i a l  on the  E . B. Johnson farm  in d ic a te d  no response  from . 

e i th e r  potassium  o r boron (T able X F III) . The a v a ila b le  potassium  le v e l  

was s l i g h t ly  h ig h e r  than  on th e  o th e r  F la th e a d  s o i l s .

E a l i s p e l l  loam



T able XVI. E f f e c t  o f  potassium a n d .boron f e r t i l i z a t i o n  on p o ta to  y i e l d s ,  F la th ead  f in e  sandy
loam, Walt Mangle farm , Lake C ounty, 1961.

#  Boron
#  K2O* 
$

0 0 0
0 25 50
0 0 0

Treatm ents
0 0 0 0

75 100 0 0
0 0 25 50

0
0

75

0
0

100

4 4
0 0
0 50

4
50

0

Cwt. i$er Acre

Rep. I 222.4 228.9 248.5 . 222.4 281.2 222.4 248.5 222.4 261.6 215.8 261.6 235.4

Rep. 2 228.9 242.0 255.1 287.8 261.6 228.9 255.1 255.1 287.8 215.8 228’9 255.1

Rep. 3 215.8 215.8 268.1 215.8 274.7 228.9 215.8 248.5 235.4 202.7 209.3 268.1 o

Average 222.4 228.9 257.2 242.0 272.5 226.7 239.8 242.0 261.6 211.4 233.3 252.9

*  Lbs. 
* *  Lbs.

KgO as m u ria te  o f potash  
K2O as potassium  s u lf a te

A nalysis  o f V ariance

Source df SS MS F F 57=

R e p lic a tio n s  2 1753.5 876.8

Treatm ents 11 ,10350.3 940.9 2.88* 2.26

E rro r 22 7185.4 326.6

T o ta l 35 19289.2

G  o V . e  # e »

240.9

* S ig n if ic a n t a t  the  5 p e rcen t confidence le v e l



T able XVII. E f f e c t  o f  p o ta ssiu m  and boron f e r t i l i z a t i o n  on p o ta to  y i e l d s ,  F la th ead  f in e  sandy
loam , Abe Dubay farm , Lake. C ounty, 1961.

# Boron
# K2O*
# K2O**

0
0
0

0
25

0

0
50

0

0
75

0

Treatm ents 
0 0

100 0
0 25

0
0

50

0
. 0 
75

0
0

100

4
0
0

4
0

50

4
50

0

Cwt. p e r  Acre

Rep . I 242.0 255.1 242.0 215.8 202.7 300.8 235.4 189.7 235.4 183.1 222.4 202.7

Rep. 2 . 183.1 202.7 235.4 307.4 274.7 176.6 307.3 255.1 228.9 235.4 235.4 235.4

Rep. 3 294.3 261.6 346.6 287.8 340.1 235,4 327.0 359.7 274.7 294.3 228.9 242.0 ,

Average 239.8 239.8 274.7 270.3 272.5 237.6 289.9 268.2 246.3 237.6 228.9 226.7

* Lbs, K2O as m u ria te  o f  po tash
** Lbs. K2O as  po tassium  s u l f a te

A nalysis  o f  V ariance

Source df ■ SS MS F F 5%

R e p lic a tio n s 2 27372.8 13686.4

Treatm ents 11 14627.3 1329.8 . ().76 2,.26

E rro r ■■ 22 38236.4 1738.0

T o ta l 35 80236.5  ̂'' ' —

X .................. .. 252,7
C.V. . . . . . . . . . .  16.5



T able X V H I. E f f e c t  o f  p o ta ssiu m  and boron f e r t i l i z a t i o n  on p o ta to  y i e l d s ,  F la th ead  f in e  sandy
loam , K. B. Johnson farm , 1961.

# Boron
# IC2O*
# K2O**

0
0
0

0
25

0

0
50

0

0
75

0

Treatm ents 
0 0

100 6
0 25

0
0

50

0
0

75

0
0

100

4
0
0

4
0

50

4 
50 

0 .

Cwt. p e r Acre

Rep. I 228.9 215.8 209.3 196.2 196.2 215.8 209.3 196.2 183.1 242.0 163.5 222.4

Rep. 2 176.6 202.7 202.7 215.8 196.2 183.1 176.6 235.4 215.8 235.4 196.2 202.7

Rep. 3 202.7 189.7 196.2 202.7 235.4 189.7 202.7 150.4 189.7 209.3 189.7 196.2 N

Average 202.7 202.7 202.7 204.9 209.3 196.2 196; 2 194.0 196.2 228.9 183.1 207.1

* . Lbs. K2O as  m u ria te  o f po tash :

** Lbs. K2O as po tassium  s u lf a te

A nalysis  o f V ariance

Source df SS MS II" ' F 5%

R ep lica tio n s 2 684.3 342,,2

Treatm ents 11 4020.4 . 365.,5 0.86 2.,26

E rro r 22 9323.9 450,.5

T o ta l 35 14028.6

X  . . . . . .  2 0 2 . 0

C i V .  ___________ __  1 0 . 5
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Table XIX .shows, t h a t  n e i th e r  potassium  nor boron had any e f f e c t  

upon the  p o ta to  y ie ld  o f  K a l is p e l l  loam. The a v a ila b le  potassium  le v e l  

o f  t h i s  s o i l  was s l i g h t l y  h ig h e r th an  on the. F la th ead  s o i l s ,

P res to n  s i l t  loam

No response o ccu rred  from  e i th e r  potassium  o r boron on S resto n  

s i l t  loam as  shown in  Table XX, This t r i a l  shows a la rg e  amount of 

v a r ia t io n  which can n o t r e a d i ly  be ex p la in ed . The a v a ila b le  potassium  

le v e l  of t h i s  s o i l  was q u i te  h ig h .

Summary

A ll th re e  t r i a l s  on F la th ead  s o i l  possessed ' a v a ila b le  potassium  

le v e ls  low er than  th e  median o f  th e  s e r i e s ,  However5, two o f th ese  

occu rred  in  Lake Sounty some d is ta n c e  away where low potassium  le v e ls  

a re  more common,^ At any r a t e ,  on ly  t r i a l s  w ith  very  low a v a ila b le  

potassium  le v e ls  gave re sp o n ses ,

Kiwanis s o i l s  have a median a v a i la b le  potassium  le v e l  which i s  

co n s id e ra b ly  l e s s  th an  the o th e r  s o i l s  under in v e s t ig a t io n .  They could 

be expected to  be th e  f i r s t  to  e x h ib it  g e n e ra l potassium  d e f ic ie n c ie s , in  

the  County, However5, t r i a l s  on low po tassium  s o i l s  u s in g  hay as a crop 

in d ic a te d  no po tassium  re sp o n se ,^ I t  i s  expected th a t  in  the  fu tu re

!■Potato t i s s u e  an a ly ses  have in d ic a te d  low potassium  le v e ls  in  
th i s  a re a . F i l e s  NW Branch Experim ent S ta t io n ,

^1961 Annual E e p o rts N orthw estern Branch Experim ent S ta t io n , 
K a l i s p e l l5, Montana,

'1



T able ZIK. E f f e c t  o f  p o ta ssiu m  and boron f e r t i l i z a t i o n  on p o ta to  y i e l d s ,  K a l i s p e l l  loam, 1961.

# B oron.
#  KgO*
ir KgO**

0
0
0

0
25

0

0
50

0

0
75
0

Treatm ents
0 0 0

100 0 0
0 25 50

0
0

75

0
0

100

4
0
0

4
0

50

4
50

0

Gwt. p e r Acre

Rep. I 255.1 261.6 255.1 255.1 261.6 242,0 274.7 255.1 268.1 248.5 228.9 248.5

Rep. 2 294.3 261.6 255.1 235.4 248.5 274.7 274.7 248.5 255.1 228.9 242.0 248.5

Rep „ 3 255.1 235.4 255.1 242.0 242.0 242.0  261.6 222.4 242.0 268.1 228.9 235.4 ^

A verage ' 278.2 252.9 255.1 210.8 250.7 252.9 270.3 242.0 255.1 248.5 233.3 244.1

* Lbs. KgO as m u ria te  o f po tash
Lb's. KgO as potassium  s u lf a te

A nalysis  o f  V ariance

Source df SS MS I F 5%

R ep lica tio n s 2 983.7 491.9

Treatments 11 3592.7 326.7 1.93 2.26

Error 22 3721.0 169.1

T otal 35 8297.4

X
c.v.

c o » e e e o o o o » » 249.5
5 .2



T ab le XX. E f f e c t  o f  p o ta ssiu m  and boron f e r t i l i z a t i o n  on p o ta to  y i e l d s ,  C reston  s i l t  loam, 1961.

# Boron
# K2O*
# K2O**

0
0
0

0 0
25 50

0 0

0
75

0

Treatm ents
0 0 0

100 0 0
0 25 50

0
0

75

0
0

100

4
0
0

4
0

50

'4
50

0
-

Cwt. per. Acre '■

Rep. I 372.8 300.8 398.9 327.0 307.4 327.0 291.0 320.5 291.0 300.8 333.5 320.5

Rep, 2 294.3 281.2 268.1 323.7 313.9 307.4 294.3 343.4 300.8 300.8 287.8 369.5

Rep. 3 317.2 402.2 274.7 359.7 300.8 271.4 333.5 313.9 340.1 313.9 278.0 300.8 u,
vn

Average 328.1 328.1 313.9 336.8 307.4 301.9 306.3 325.9 310.6 305.2 299.8 330.3

* Lbs. K2O as  m u ria te  o f po tash
** Lbs. K2O a s  po tassium  s u lf a te

A nalysis  o f V ariance

Source df SS MS F . F 5%

R e p lic a tio n s 2 108079.8 54039.9 -•

Treatm ents 11 54232.4 4930.2 ().50 2,,26

E rro r 22 215347.0 9788.5

T o ta l 35 377659.2

I  . . . .  316.2
C.V. .
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c e r ta in  F la th e a d  County s o i l s  w i l l  respond to  potassium .
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COWELUSIGNS

The co n c lu s io n s  of t h i s  in v e s t ig a t io n  a re  as fo l lo w s :

1„ B arley  responded s ig n i f i c a n t ly  to  n itro g en  on most F la th ead  

County s o i l s o The optimum r a te  o f n itro g e n  v a r ie d  both  between and 

w ith in  s o i l  ty p e s , No n itro g e n  r a te  gave a n egative  response*

2* Phosphorus d id  not g e n e ra l ly  g ive  a y ie ld  response  when 

a p p lie d  to  barley*  About o n e - th ird  o f th e  t r i a l s  showed a s ig n i f ic a n t  

response  to  phosphorus bu t on ly  one was economical* O ccurrence o f re ­

sponse was no t s p e c i f i c a l ly  r e la te d  to  s o i l  t e s t  phosphorus le v e l s ,

3* The p r o b a b i l i ty  o f potassium  response on most F la th ead  County 

s o i l s  i s  s l i g h t .  C e r ta in  a re as  o f v e ry  low potassium  le v e l s  may be ex­

c e p tio n s ,

4* Boron d id  no t a f f e c t  p o ta to  y ie ld s  on any of th e  s o i l s  

s tu d ie d ,

5« A ttem pts to  combine s o i l  types in to  s o i l  groups o f s im ila r  

f e r t i l i t y  s ta tu s  have not been s u c c e s s fu l f o r  s e v e ra l  re a so n s s

a , The number of f i e l d  t r i a l s  and s o i l  t e s t  sam ples' was too 

l im ite d  to  p re se n t an adequate p ic tu re  o f th e  f e r t i l i t y  

c h a r a c te r i s t i c s  of any s o i l  ty p e  s tu d ie d ,

b , P a s t management p ra c t ic e s  have p robab ly  been re sp o n sib le  

f o r  some o f th e  v a r i a b i l i t y  encountered  w ithin- s o i l  ty p es ,

c , Weed in f e s ta t io n s  and inadequate  i r r i g a t io n  have in f lu ­

enced f e r t i l i z e r  response  on c e r ta in  t r i a l s ,

6* G eneral recommendations f o r  the  f e r t i l i z a t i o n  o f  b a r le y  on
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th e  b a s is  of t h i s  in v e s t ig a t io n  a re  as  fo l lo w s ;

a . K iw anis} T a lly , and Swims, 15 pounds o f n itro g e n  (N) . 

p e r  a c re .

b. K a l i s p e l l ,  F la th e a d , and W alte rs , 15 to  30 pounds o f 

n itro g e n  (N) per a c re .

a . fires to n  and Somers, 30 pounds o f n itro g e n  (N) and 20 to  

40 pounds o f phosphorus (^ 2^ 5) Pe r  a c re .
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APPENDIX

S o il P r o f i le  D e sc rip tio n s  o f S o il  Types In v e s tig a te d

'i



C reston  s i l t  loam

L o c a tio n ; North s id e  o f ro ad , 740 f e e t  w est o f road in te r s e c t io n  in  
th e  SEi SEi sec . 5, T. 28 N ., R. 20 W,

A^p 0 to  12 inches dark grayish-brow n to  v e ry  dark  g ra y ish  brown o r 

v e ry  dark brown (10 YR 3« 5 /2 , d ry ; 2 .5 /2 ,  m o ist) 

s i l t  loam; weak, f in e ,  g ra n u la r  o r  crumb s tru c ­

tu r e ;  s o f t  when d ry , f r i a b l e  when m o is t; n e u tra l ;  

boundary c le a r .

Bg 12 to  18 inches brown to  dark  brown (7 .5  YR 4 /2 , d ry ; 3 /3 j m oist) 

s i l t  loam; weak, v e ry  c o a rse , p r is m a tic  s t r u c tu r e ;  

s o f t  when d ry , v e ry  f r i a b l e  when m o is t; n e u tra l ;  

boundary c le a r .

ICca 18 to  33 inches v e ry  p a le  brown to  brown (10 YR 7 /3 , d ry ; 5 /3 , 

m o is t) s i l t  loam; weak, co arse , subangu lar b locky 

s t r u c tu r e ;  s o f t  when d ry , very  f r i a b l e  when m o is t; 

c a lc a re o u s ; accum ulation  o f calcium  carb o n ate ; 

boundary g rad u a l.

C 33 to  42 inches very  p a le  brown to  brown (10 YR 7 /3 , d ry ; 5 /3 , 

m o is t) loam; m assive; s o f t  when d ry , v e ry  f r i a b le  

when m o is t; c a lc a re o u s , grades to  s t r a t i f i e d  s i l t
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T la th e a d  f in e  sandy loam

O to  12 inches

A^g 12 to  24 inches

Bg 24 to  34 inches

34 to  44 inches

v e ry  dark grayish-brow n to  v e ry  dark brown o r 

b lack  (10 TR 3 /1 .5 , d ry ; 2 / l . 5, m o is t)  f in e  sandy 

loam; m oderate, f i n e ,  g ra n u la r  s t r u c tu r e ;  s o f t  

when d ry , v e ry  f r i a b l e  when m o is t; about n e u tra l ;  

boundary c le a r .

v e ry  dark  grayish-brow n to  very  dark  brown (10 TR 

3 /2 , dry;. 2 /2 , m o is t) f in e  sandy loam; weak, very  

coarse  prism s th a t  r e a d i ly  se p a ra te  in to  m oderate, 

f in e ,  g ra n u la r  s t r u c tu r e ;, s o f t  when d ry , v e ry  f r i ­

ab le  when m o is t; about n e u tr a l ;  boundary c le a r .

brown to  dark  reddish-brow n (7 .5  TR 4 /2 , d ry ; 5 TR 

3 /2 , m o is t) f in e  sandy loam; weak, coarse  prism s 

th a t  s e p a ra te  in to  weak, medium, subangu lar b locky 

s t r u c tu r e ;  s o f t  when d ry , v e ry  f r i a b l e  when m oist; 

about n e u tr a l ;  boundary g rad u a l.

pale-brow n to  brown o r dark-brown (10 TR 6/ 3 , d ry ; 

7 .5  TR 4 /3 , m o is t) l i g h t  f in e  sandy loam o r 

loamy f in e  sand; m assive in  p lace  bu t breaks in to  

weak, c o a rse , subangu lar blocky s t r u c tu r e ;  s o f t  

and n e a r ly  s in g le  g ra in ed  when d ry , v e ry  f r i a b le  

when m o is t; s l i g h t l y  a lk a l in e ;  boundary c le a r .



F la th ead  f in e  sandy loam, c en t.
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G 44 to  54 in ch es  pale-brow n to  brown (10 YE 6 /3 , d'ryj 5/ 3 , m oist)

loamy f in e  sandj m assive o r s in g le  g ra in e d | s o f t  

and v e ry  f r i a b l e j  m odera tely  ca lca reo u s 5 sp o ts  of 

lim e accum ulation weakly cement th e  sand and form 

weak, f in e ,  su b an g u la r, b lo c k lik e  lumps th a t  a re  

s l i g h t l y  hard  when d ry  and s l i g h t l y  f irm  when 

m oist 0
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L ocations NDV̂ NŴ  

A^p 0 to  8 inches

Bg 8 to  13 inches

Cca 13 to  30 inches

G 30 to  45 inches

se c , 2, T, 28 N, R„ 22 W„

dark grayish-brow n to  v e ry  dark brown (10 TR 4 /2 , 

d ry j 2 /2 , m o is t) loam) weak, f in e  and v e ry  f in e ,  

g ra n u la r  s t r u c tu r e ;  s o f t  when d ry , v e ry  f r i a b le  

when m o is t; about n e u tra l  in  r e a c t io n ;  boundary 

c le a r ,

pale-brow n to  dark-brow n (10 IR  5»5/3 , d ry ; 3/ 3, 

m o is t) s i l t  loam ; weak, v e ry  c o a rse , p r ism a tic  and 

c o a rse , blocky s t r u c tu r e ;  l i t t l e  o r  no c la y  coat­

ings on peds; s o f t  to  s l i g h t l y  hard  when d ry , 

f r i a b l e  when m o is t; n e u tra l  to  s l i g h t l y  ca lca reo u s 

in  low er I  in ch ; boundary c le a r ,.

p a le -y e llo w  to  l i g h t  o live-brow n (2 ,5  I  7 /3 , d ry ; 

5 /4 , m o is t)  s i l t  loam; m assive in  p la ce  but breaks 

in to  weak, medium and f i n e ,  subangu lar b lo ck s  o r 

lum ps; when d ry  s l i g h t l y  h a rd , when m oist s l ig h t ly  

f irm - in  p lace  b u t v e ry  f r i a b l e  when d is tru b e d ; 

abundant accum ulation o f  f lo u r y  lim e carb o n ate ; 

boundary g rad u a l.

p a le -y e llo w  to  l i g h t  o live-brow n (2 .5  I  7 /3 , d ry ; 

5 /3 , m o is t)  v e ry  f in e  sandy loam; m assive; s o f t  

when d ry , f r i a b le  when m o is t; c a lc a re o u s .

Kalispell loam
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T a lly  f in e  sandy loam

L o c a tio n s 1 ,225 f e e t  n o rth  and 30 f e e t  w est o f so u th e a s t co rner o f sec . 
15, T. 29 N ., R. 22 W.

0 to  8  inches dark grayish-brow n to  v e ry  dark  brown (10 IR 4 /2 ,

d ry I 2 /2 , m o ist) f in e  sandy Ioamj weak, f i n e ,  crumb 

s t r u c tu r e j  s o f t ,  l o o s e ,a n d  n e a r ly  s in g le  g ra in ed  

when d ry , v e ry  f r i a b l e  when m o istj r e a c t io n  about 

n e u tr a l j  boundary c le a r .

B2 8 to  15 inches brown to  dark-brow n (7 .5  YR 5 /3 , d ry j 3 /3 , m oist)

f in e  sandy Ioamj v e ry  weak, co a rse , p r ism a tic  and 

weak, co arse , b locky s t r u c tu r e j  s o f t  when dry , 

v e ry  f r i a b l e  when m o is tj re a c t io n  about n e u tra l j  

boundary c le a r .

Cca 15 to  30 inches l ig h t - g r a y  to  grayish-brow n (10 YR 7 /2 , d ry j 5 /2 ,

m o is t) f in e  sandy loamj m assivej s o f t  when d ry , 

f r i a b l e  when m o is tj m oderate accum ulation  of f lo u ry  

lim e ca rb o n a te j boundary g rad u a l.

!Cl 30 to  40 in ch es  p a le -y e llo w  to  grayish-brow n (2 .5  T 7 /3 , d ry j 5 /2 ,

m o is t) loamy f in e  sand j m assive to  lo o se  and s in g le ­

g ra in ed  j c a lc a re o u s .
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Swims s i l t  loam

Aq I  to  O inches f o r e s t  l i t t e r  c o n s is tin g  of p ine n eed les  and the 

le av es  of deciduous t r e e s  an d  sh ru b sj low er one- 

fo u r th  in ch  m atted  and w e ll decomposed.

A;l 0 to  I  in ch d a rk -g ray  to  b lack  (10 YB 4 / l ,  d ry j 2 / l s m o ist) 

s i l t  loamg m oderate, th in ,  p la ty  and m oderate, 

medium, g ra n u la r  s t r u c tu r e g s l i g h t l y  h a rd  when d ry , 

v e ry  f r i a b l e  when m o is tj n o n -ca lea reo u sj boundary 

c le a r .

A2 I  to  4 inches l i g h t  brow nish-gray  to  d a rk  g ra y ish  brown (10 YB 

6 /2 , dryg 3»5/2 , m o is t) l i g h t  s i l t y  c lay  loamg 

m oderate, medium and c o a rse , p la ty  s t r u c tu r e  and 

weak, f in e  and medium, subangular b loeky s t r u c tu r e g 

s l i g h t l y  hard when d ry , v e ry  f r i a b l e  when mbistg 

many f in e  pores and ro o t  ch an n e lsg n o n -ca lca reo u sg 

boundary a b ru p t.

B2 4 to  11 in ch es p in k ish -g ra y  to  brown (7 .5  YB 7 /2 , dryg 4« 5 /2 , 

m o is t) l i g h t  s i l t y  c la y  loamg weak, c o a rse , p r i s ­

m atic  s t ru c tu re  and f in e  and medium, subangular 

b loeky s tru c tu re g  b lo ck s  very  porous and have a 

few smooth fa c e s ,  b u t su rface  n o t co a ted  w ith  clayg 

s l i g h t l y  hard  when d ry , f r i a b le  when m o is tg th in
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Swims s i l t  Ioamg Gont0

c la y  c o a tin g  in  ro o t  channels and wormholes; non- 

. ca lca reo u s I boundary c le a r ,

Bca 11 to  17 in ch es  . p in k ish -g ra y  to  brown (7 ,5  IR 7 /2 , d ry j 5 /2 , m oist)

s i l t  loam | weak, c o a rse , p rism a tic  and th ic k ,  

p la ty  s t r u c tu r e  s e p a ra tin g  In to  weak, medium sub- 

an g u la r b lockyi i n t e r i o r  o f peds f a i n t l y  s ta in e d  to  

m o ttled  pale  brown and l i g h t  y e llo w ish  brownj 

s l i g h t l y  hard  when d ry , f r i a b l e  when m o is t; many 

pores and ro o t chan n e ls , some th in ly  coated  w ith  

c la y , m oderate e ffe rv escen ce  w ith  d i lu te  hydro­

c h lo r ic  a c id ;  boundary c le a r ,

cIc a  17 to  25 inches very  p a le  brown to  brown (10 YE 7 /3 , d ry ; 5 /3 ,

m o is t) s i l t  loam | few , f a i n t ,  f in e ,  yellow ish-brow n 

m o ttle s  I m assive in  p la c e , except f o r  th in ,  h o r i­

z o n ta l s t r a t a  th a t  b reak  e a s i ly  in to  f in e  b lo ck s; 

s l i g h t l y  hard  when d ry , f irm  when m o is t; numerous 

f in e  pores and a few ro o ts  and ro o t channels; 

v io le n t  e ffe rv escen ce  w ith  h y d ro c h lo ric  a c id ;  few, 

f i n e ,  w hite s e g re g a tio n s  o f lim e ; boundary c le a r ,

25 to  40 inches p in k ish -w h ite  to  p in k ish -g ra y  (7 ,5  YR 8 /2 , d ry ;

6 /2 , m o is t)  s i l t  loam; m assive, excep t f o r  h o r i-
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Swims s i l t  loam , c o n t. •

zoEital s t r a t a  4 to  -g- in ch  th ic k 5 f irm  to  m oderately  

f r i a b l e  when m o is tj calca reo u s bu t no seg rega ted  

lim e 1 boundary g rad u a l,

40 to  54 inches s im i la r  to  h o rizo n  above b u t co n ta in s  th in  len se s

o f v e ry  f in e  sandy loam; boundary g ra d u a l,

£4 54 to  60 inches loamy f in e  sand; m assive o r s in g le -g ra in e d ;  c a l­

careous ,

I
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L ocations SW| SŴ  

A^p 0 to  8 inches

Bg 8 to  12 inches 

Cca 12 to  22 inches

C 22 to  30 inches

se c . 17, T. 27 N ., R. 20 W.

gray  to  v e ry  dark  g ray  (10 YB 5A 5 d ry ; 3 /l>  m o ist) 

s i l t y  c la y  loam; m odera te, very  f i n e ,  g ra n u la r  

s t r u c tu r e ;  s o f t  when d ry , ve ry  f r i a b l e  when m o is t; 

about n e u tr a l ;  boundary ab ru p t.

grayish-brow n to  dark  grayish-brow n (10 IR  5°5 /2 , 

d ry ; 4 /2 ,  m o is t) s i l t y  c la y  loam; weak, co arse , 

p r ism a tic  and weak to  m oderate, medium, blocky 

s t r u c tu r e ;  s l i g h t l y  hard  when d ry , f r i a b l e  when 

m o is t; s l i g h t l y  a lk a l in e ;  boundary c le a r .

l ig h t - g r a y  o r v e ry  p a le  brown to  pale-brow n (10 

IR 7 / 2 .53 d ry ; 6/ 3 , m oist) s i l t y  c la y  loam; m assive 

in  p lace  bu t b reaks to  weak, subangu lar b lp ck s; 

s l i g h t l y  f irm  when m o is t; c a lc a re o u s , in c lu d in g  

m oderate amount o f seg reg a ted  lim e; boundary grad­

u a l .

very, p a le  brown to  p a le  brown (10 IR  7 /3 , d ry ;

6/ 3 , m o is t) s t r a t i f i e d  o r  varved s i l t  loam and 

s i l t y  c la y  loam; breaks to  weak, f i n e ,  b lo ck s; 

s l i g h t l y  f irm  when m o is t; c a lc a re o u s; boundary 

a b ru p t.

Somers s i l t y  c l a y  loam
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Somers s i l t y  c la y  loam , co n t.

D 30 in ch es  p lu s  l ig h t - g r a y  to  l i g h t  brow nish-gray  (10 YR 7 /2 , dryj.

6/ 2, m o is t) loamy f in e  sand j s in g le -g ra in e d 3 lo o s e 3 

c a lc a re o u s .
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L o c a tio n ; West s id e  of ro ad , $60 f e e t  sou th  o f the  n o rth  q u a r te r -  
s e c t io n  co rn e r in  NBg NWg se c . 28, T. 29 N .„ R. 21 W.

K iw anis loam

0 to  2 inches dark  grayish-brow n (10 YR 4 /2 , d ry ; 2 /2 ,  m oist) 

loam; weak, f in e ,  g ra n u la r  s t r u c tu r e ;  s o f t  when 

d ry ; v e ry  f r i a b le  when m o is t; n e u tr a l  re a c tio n ; 

boundary c le a r .

A]_2 2 to  9 inches grayish-brow n to  v e ry  dark  grayish-brow n (10 IR 

5 /2 , d ry ; 3 /2 , m o is t) loam; weak, s o f t ,  crumb 

s t r u c tu r e ;  s o f t  when d ry , ve ry  f r i a b l e  when m o ist; 

n e u tra l  r e a c t io n ;  boundary c le a r .

C 9 to  39 inches v e ry  p a le  brown to  pale-brow n (10 IR  8 / 3 , d ry ; 6/ 3 , 

m o is t)  f in e  sandy loam; m assive b u t b reaks in to  

s o f t ,  i r r e g u la r  lum ps; c a lc a re o u s ; boundary a b ru p t.

D1 39 to  58 inches l ig h t - g r a y  to  l i g h t  brow nish-gray  (10 IR 7 /2 , d ry ; 

6 /2 , m o is t)  lo o s e , coarse  sand ; c a lc a re o u s ; boundary 

g rad u a l.

Dg 58 bo 70 inches same as la y e r  above ex cep t th a t  g ra v e l i s  abundant.



W alters v e ry  f in e  sandy loam 

L o c a tio n ; NE^ NEj s e c . 4? T. 29 N„s R. 21 W.

Aod 2 to  0 inches lo o se  mat of f a i r l y  f r e s h  c o n ife r  n e e d le s .

A]_ 0 to  2 inches g ray  to  very  da rk  brown (10 TR 4 .5 /1 ,  d ry ; 2 /2 , 

m o is t) v e ry  f in e  sandy Ioam9 weak, f in e ,  crumb 

s t r u c tu r e ;  lo o se  and s in g le  g ra in ed  when d ry , very  

f r i a b l e  when m o is t; s l i g h t l y  a c id ;  boundary ab ru p t.

Ag 2 to  10 inches v e ry  p a le  brown to  p a le  brown (10 TR 7 /3 , d ry ;

6 /3 , m o is t)  ve ry  f in e  sandy loam; m assive to  weak, 

c o a rse , p la ty  s t r u c tu r e ;  hard  when d ry , v e ry  f r i ­

ab le  when m o ist; s l i g h t l y  a c id ;  boundary c le a r .

Bg 10 to  13 inches pale-brow n to  dark-brow n (10 TR 6 /3 , d ry ; 7 .5  TR 

3 /3 , m o ist) s i l t  loam; weak, subangu lar b locky 

s t r u c tu r e ;  s l i g h t l y  hard  when d ry , b u t c e n te rs  of 

pads a re  hard  and s l i g h t l y  d a rk e r; f r i a b l e  when 

m oist b u t c e n te rs  of peds a re  f irm ; about n e u tra l  

in  r e a c t io n ;  boundary c le a r .

Bca 13 to  24 inches pale-brow n to  brown (10 TR 6 .5 /3 , d ry ; 7 .5  TR 4 /3 , 

m o is t) f in e  sandy loam; m assive, excep t fo r  the 

p resence of a few,, f irm  o r hard , sm all lumps; s o f t  

when d ry , f r i a b l e  when m o is t; c a lc a re o u s ; boundary

c le a r .
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W alters v e ry  f in e  sandy Ioamq c o n t«

C 24 to  34 inches l ig h t - g r a y  to  pale-brow n (10 IR 7 /2 , d ry j 6 /3 ,

m o is t) f in e  sandy loam; m assive; s o f t  when d ry , 

v e ry  f r i a b l e  when m o is t; c a lc a re o u s ; has a few, 

f in e ,  f irm  sp o ts  o f seg reg a ted  lim e ca rb o n a te ; 

grades to  co arse  sand a t  depth of 3 to  4 f e e t .
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