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A STUDY OF SOME EFFECTS OF SEVEN SYSTEMS OF FARMING 

UPON CROP YIELDS AND SOIL STRUCTURE 

By

Lynn S. R obertson, J r .

ABSTRACT

Crop y ie ld s  and s o i l  s tr u c tu r e  a n a ly s is  were determ ined on e sta b ­

l i s h e d  crop r o ta t io n  experim en tal f i e l d  p lo t s .

R o ta tio n  caused no c o n s is ta n t  d if fe r e n c e  in  sugar b e e t  y ie ld s  from  

one year to  th e n e x t . The y ie ld s  from some r o ta t io n s  were not a s h igh  

as th ey  might have been b ecause low n itro g e n  l e v e l s  fr e q u e n tly  l im ite d  

grow th. A lso , b la ck  r o o t , a  sugar b ee t d is e a s e ,  was p rev a len t during  

s e v e r a l se a so n s . This d is e a s e  seemed to  m an ifest i t s e l f  eq u a lly  in  the  

seven  system s o f  farm ing. However, where b e e ts  fo llo w e d  a l f a l f a  brome 

hay, recovery  from the d is e a s e  d id  not appear to  occur as r a p id iv  or to  

the same degree as in  th e  o th er  system s o f  farm ing.

Sugar b e e ts  a f t e r  beans r e s u lte d  in  the h ig h e s t  y ie ld s  fo r  th e  

10 year p e r io d . The lo w e st y ie ld s  occurred in  a cash crop r o ta t io n  

which d id  n ot in c lu d e  a  n itro g e n  supp lying legume crop .

P h y sic a l a n a ly s is  o f  th e  sugar b ee t seed  beds showed l i t t l e  or no

d if fe r e n c e  in  s o i l  c o n d it io n s . However, d if fe r e n c e s  in  th e  root bed

developed  la t e r  in  th e  sea so n . The cash  crop r o ta t io n , which d id  n ot in ­

c lu d e  a  n itro g en -a d d in g  legume crop , was in  the p o o rest p h y s ic a l s t a t e

a s  was in d ic a te d  by a g g reg a te  a n a ly se s , t o t a l  and non—c a p il la r y  p ore-sp a ce  

a n a ly s e s , penetrom eter r e c o r d s , and p e r c o la t io n  s t u d ie s .



The h ig h e s t  corn y ie ld s  occurred where corn was preceded  by a le g ­

uminous hay crop; One year, a!.fa lfa -b rom e in  a  crop r o ta t io n  had the 

same e f f e c t  on corn y ie ld s  as d id  two yea rs  o f  t h is  hay in  the r o ta t io n .

Cl o v er-tim o th y  in  a  r o ta t io n  in s te a d  o f  a lfa lfa -b r o m e  r e s u lte d  in  10 per  

cen t sm a ller  y i e ld s .  The p la c in g  o f  a  sugar b e e t  crop between an a . l f a l f a -  

brome hay crop and th e  corn crop a ls o  caused a  10 per cen t red u ctio n  in  

corn y i e ld .

The lo w e st corn y ie ld s  were ob ta in ed  in  a  cash  crop r o ta t io n  which  

d id  not in c lu d e  a n itr o g e n  adding legum e.

Dry screen  a n a ly se s  o f  seed  beds in d ic a te d  th ere  was l i t t l e  d i f f ­

erence in  th e  p h y s ic a l s ta tu s  o f  th e s o i l  a t  p la n tin g  tim e.

The r e s u l t s  o f  th e  a g g regate  a n a ly se s  o f  the corn s o i l  showed th a t  

th e  sod crop In th e r o ta t io n  was r e sp o n s ib le  fo r  the d if fe r e n c e s  in  to t a l  

as w e ll as w ater s ta b le  a g g r eg a te s .

The system s o f  farm ing d id  not a f f e c t  th e s tr u c tu r e  o f  th e  s o i l  below  

plow depth s u f f i c i e n t l y  to  cause m easurable d if f e r e n c e s .

P o r o s ity  d e term in a tio n s , both  t o t a l  and non—c a p i l la r y # in d ic a te d  th at  

system s o f  farm ing d id  a f f e c t  th e s tr u c tu r e  o f  th e  s o i l .  The h ig h es t  

p ercen tages were obtained  on the p lo t s  where sod crops were in c lu d ed  in  

the r o ta t io n s .  The lo w est p o r o s i t ie s  were obtained  from the cash  crop  

r o t a t io n s .

P enetrom eter records in d ic a te d  th a t v a r io u s system s o f  farm ing caused  

g r ea t d if fe r e n c e s  in  th e  s tr u c tu r e  o f  th e  s o i l  and th a t i t  was p o s s ib le  to  

measure th e s e  d if fe r e n c e s  w ith  a p enetrom eter. A new ty re  o f  T'ecordv.ig 

penetrom eter was developed  as a to o l fo r  rapid measurements and proved to 

be s u c c e s s fu l1.

A sim p le  rap id  s o i l  t e s t  which i s  based on th e  s t a b i l i t y  o f  so l*  

a g g reg a tes  to  w ater was d e v is e d .
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I .  INTRODUCTION

At a 1939 m eeting of* agronom ists and o th ers  In te r e s te d  in. th e pro­

d u ction  o f  sugar b e e ts  in  M ichigan, a t t e n t io n  was fo cu sed  on th e  la c k  o f  

experim en tal r e s u l t s  p e r ta in in g  to  crop r o ta t io n  and sequence under 

M ichigan*s c l im a t ic  and s o i l  c o n d it io n s . I t . was not. p o s s ib le  to  c i t e  

experim en ta l ev id en ce in  regard  to  such q u estio n s  a s , "What crop shou ld  

im m ediately  precede sugar b e e ts  in  a  r o ta tio n ?  Are legum es e s s e n t ia 1 in  

a sugar b e e t  r o ta t io n , and i f  so which legume has th e  g r e a te s t  e ffe c t , on 

b ee ts?  What p o r tio n  o f  th e  r o ta t io n  tim e should be a l l o t t e d  to  the  

legum es?"

In order to  o b ta in  s a t i s f a c t o r y  answ ers to  th e se  and oth er q u estio n s  

the "Ferden sugar b eet r o ta t io n  experim ent was s ta r te d  in  the sprin g  o f  

19*4-0. S in ce th a t tim e crops have been h arv ested  each y e a r . By 3 95^ the  

r o ta t io n s  had com pleted two c y c le s  in  which o b serv a tio n s  and y ie ld  d e te r -  

ml.nations had been made. D e f in it e  answers to  some o f  th e  q u estio n s had 

been determ ined, and as u s u a lly  o ccu rs , new q u estio n s had a r is e n .

S ince th e  experim ent was s ta r te d  and p a r t ic u la r ly  a f t e r  the second  

c y c le  o f  th e  r o ta t io n  s ta r te d ,  many o b serv a tio n s  were made in  regard to  

s o i l  s t r u c tu r e . Mr. Ferden had noted  th a t the s o i l  In the no .legume 

r o ta t io n  plowed harder than in  o th er  r o ta t io n s .  Water seemed to dra in  

ran re r a p id ly  through the s o i l  on th e p lo t s  where a 1 fa l fa. bad grown, ^he 

workers when b lo ck in g  and th in n in g  b e e t s ,  reg u la ted  the speed o f  th e ir  

work s o . th ey  would be a ss ig n ed  the ta sk  o f  b lo ck in g  the b e e ts  which vers  

grown, a f t e r  a! fa lfa -b rom e hay b ecau se "the ground., she s o f t  In 1 i t f i  e f"V



"big f i e l d  have hard ground” . The workers remembered t h is  d if fe r e n c e  when 

th ey  retu rn ed  to  work th e  "beets fo r  th e  second y e a r .

The purposes o f  t h i s  stu d y  were:

1 , To summarize th e sugar b e e t  and corn y ie ld s  during  

th e  second c y c le  o f  th e  r o t a t io n ,

2 . To rep ort o b serv a tio n s  which were made during th e  

te n  year p e r io d  in  regard to  both s o iJ s  and cro p s.

3 ,  To make measurements on th e  s o i l  in  order to  

determ ine to  what e x te n t  r o ta t io n s  had a f f e c te d  

i t s  p h y s ic a l p r o p e r t ie s .

4 .  To develop  a  ra p id  s o i l  t e s t  o f  an em p ir ica l 

nature w hich would g iv e  an in d ic a t io n  o f  th e

s tr u c tu r e  o f  a  s o i l .



I I .  REVIEW OE LITERATURE

A. Crop R o ta tion s— G eneral

A g rea t many s tu d ie s  have been  made in  regard to  crop r o ta t io n s  

and t h e ir  e f f e c t s  upon y i e ld s .  However, most o f  th e se  s tu d ie s  have not 

in c lu d ed  sugar b e e t s ,  but p r im a r ily  corn , o a ts , wheat, p o ta to e s , and 

c o tto n . Many have compared a continuous system  o f  cropping w ith  a  r o ta t io n  

system .

Wier (57) made a stud y o f  the r e s u lt s  o f r o ta t io n  experim ents in  

v a r io u s  p a r ts  o f th e U n ited  S ta te s  and Rotham sted, England. He found  

th a t the e f f e c t s  o f  f e r t i l i z e r s  and o f  crop r o ta t io n s ,  when b oth  were 

u sed , added to  th e  e f f e c t iv e n e s s  o f each o th er  and th a t maximum y ie ld s  

were p o s s ib le  o n ly  when b o th  were used to g e th e r . Liming a c id  s o i l s  in ­

c re a sed  th e  r e la t iv e  e f f e c t iv e n e s s  o f  crop r o ta t io n s  in  th a t i t  r eg u la te d  

th e  crops which could  be grown e f f e c t i v e l y  in  the r o t a t io n s .  S im ilar  

co n c lu s io n s  may b e  drawn from a la r g e  number o f  experim ents d e a lin g  w ith  

g ra in  crops (6 , 1 5 , 19 , 5 1 , 5^, 57 , 58 , 5 9 ) .

B . Sugar B eet R o ta tio n s

The sequence o f  a l f a l f a - c o r n  i s  g e n e r a lly  co n sid ered  to  be v ery  good  

b u t t h is  i s  not th e  ca se  fo r  a l f a l fa - s u g a r  b e e t s .  L e igh ty  (29) rep o rts  

th a t  Mo r d in a r ily  th e  y ie ld s  o f sugar b e e ts  im m ediately fo llo w in g  a l f a l f a  

are low'1* L i l l  and Rather (31) s ta te  th at the number o f  organism s ca u sin g  

b la c k  roo t o f  b e e t s  i s  i n t e n s i f i e d  in  q u a n tity  by th e  growing o f a l f a l f a  

on in f e c te d  s o i l ;  ‘'Hence under c o n d it io n s  fa v o ra b le  to  b la ck  root organism s,



th e  stand o f  sugar b e e ts  may be a f f e c te d  a d v e r se ly  i f  a l f a l f a  i s  th e  

im m ediate f  orerunner11.

A fa n a s iev , Morris and C arlson ( l )  showed th a t s e e d lin g  d is e a s e s  o f  

b e e ts  occurred in  in c r e a s in g  amounts where th ey  were pjlanted a f t e r  corn , 

p o ta to e s , o a t s ,  a l f a l f a ,  b ea n s , and b e e t s .

H arris* (22) rep ort shows th at sugar b e e t  y ie ld s  were h igh er  in  a  

r o ta t io n  which in c lu d ed  a l f a l f a  than in  one which in c lu d ed  sweet c lo v e r .

I t  was b e t t e r ,  however, to  grow sweet c lo v e r  than to  depend e n t ir e ly  on 

non-legum es. B ee ts  were n ot grown im m ediately  a f t e r  a l f a l f a  in  any o f  the  

r o ta t io n s  in  t h i s  stu d y .

The e f f e c t  o f  cash  crops upon sugar b e e t  y ie ld s  accord in g  to  l u l l  

(3 0 ) w ith an o a ts—sugar b e e ts  sequence taken as a b ase  are as fo llo w s :  

b a r le y  (+ 0 ,2 6  t o n s ) ; beans (4 1 .4 4  to n s ) ;  and corn (+ 1*62 t o n s ) .  In 

another p u b lic a t io n  (32) L i l l  in d ic a te d  th a t the sequence o f  soybeans- 

sugar b e e ts  was b e t t e r  than corn -sugar b e e t s .  I f  the soybeans were cu t  

fo r  hay, th e  y ie ld s  were h ig h er  than i f  th e  soybeans were used fo r  seed .

C. Management o f  Sugar B eet R o ta tio n s

P low ing Time and T i l la g e . S o il management p r a c t ic e s  in  a  p a r t ic u la r  

crop sequence can a f f e c t  b e e t  y ie ld s  c o n s id e ra b ly . One year*s data by 

Ti.ll and. Rather (3 1 ) showed th a t mid-August plowing o f  a l f a l f a  sod r e su lte d  

in  h igh er  b e e t  y ie ld s  than d id  sp rin g  p low in g . R ob ertson 's  (43) d a ta , how­

e v er , showed th a t e a r ly  sp r in g  plow ing was b e t t e r  than November p low in g . 

There i s  need fo r  more in v e s t ig a t io n  in  regard to  tim e o f  p low in g . This 

problem i s  b e in g  in v e s t ig a te d  in  a  f i e l d  experim ent s ta r te d  in Michigan 

in  1950 (4 8 ) .



I t  i s  thought th a t im plem ents o th er  than th e  plow a f f e c t  the s tr u c tu r e  

o f  the s o i l .  Numerous f i e l d  experim ents are  now In p ro g ress  to  determ ine  

th e  im portance o f  t i l l a g e  methods upon crop grow th. In regai'd to  sugar  

b e e t s ,  Cook and P e ik er t (1.2, 13)* in  what was con sid ered  to  be a ty p ic a l  

r o ta t io n  fo r  th e  area  in  which the experim ents were conducted , ra th er  than 

a  d e s ir a b le  r o ta t io n , found g rea t d if fe r e n c e s  in  weed p o p u la tio n  r e s u lt in g  

from v a r io u s  t i l l a g e  m ethods. They su g g ested  th a t weeds in flu e n c e d  growth 

more than d id  th e  r e s u lt in g  p h y s ic a l c o n d it io n  o f  th e  s o i l  caused by  

d if f e r e n t  im plem ents. The r e s u l t s  o f  th e se  experim ents and o th ers  (47) 

in d ic a te  th a t a minimum amount o f  t i l l a g e  le a v e s  th e seed  and root bed In 

a  more porous s t a t e .

Manures. The v a lu e  o f  l iv e s t o c k  manure i s  ap p a ren tly  r e la te d  to th e  

n a tu ra l f e r t i l i t y  c o n d it io n s  o f  the s o i l  ra th er  than to  r o ta t io n s .  Nuchn]8 » 

(37) summary s t a t e s  th a t g r e a te r  retu rn s were ob ta in ed  by the use o f  manure 

on low y ie ld in g  f i e l d s  than on f i e l d s  o f  h ig h er  p ro d u ctio n . The r e s u l t s  

o f Cook, M illa r  and R obertson ( l l )  in d ic a te  th a t green  manure, sw eet c lo v e r ,  

a l f a l f a ,  or g ra ss  are b e t t e r  than s ta b le  manure in  fu r n ish in g  n itrogen  fo r  

young sugar b e e t  p la n t s .  These co n c lu s io n s  were drawn from f i e l d  and green­

house experim ents on what would be c la s s e d  a s  good f e r t i l e  sugar b e e t  s o i l s .  

The u se  o f  manure fo r  b e e t s  ap p aren tly  i s  advocated  much more w id ely  in  

th e West than in  M ichigan.

Fer t i l i z a t i o n . There are very  few  data in  regard to  f e r t i l i z a t i o n  in  

d if f e r e n t  crop r o ta t io n s .  L i l l  (33) in  a p ro gress r e p o r t , concluded th a t  

"the growth o f  th e  a l f a l f a  crop upon th e s o i l  ap p aren tly  had a  tendency to  

u p se t the b a la n ce  o f  p la n t food  elem ents in  th e s o i l  by in c r e a s in g  the  

amount o f  n itr o g e n  and red u cin g  th e  amount o f  phosphorus". This I s  In agree.



menI w ith  R ob ertson 's  (4?) ex p la n a tio n  o f  why some y ea rs  b e e ts  a f t e r  

a l f a l f a  respond more to h igh  f e r t i l i z e r  r a te s  than, do b e e ts  a f t e r  corn  

or w heat. Furtherm ore, L i l l  (33) concluded  th a t th e  "unbalancing e f f e c t  

o f  the a l f a l f a  crop upon th e  m ineral p la n t food elem en ts may be c o rr e c te d  

to  such an e x te n t  by th e  a p p lic a t io n  o f  phosphoric a c id  to  th e s o i l  th at 

th e  sugar b e e t  s e e d lin g  can r e s i s t  the a tta c k s  o f  th e  b la c k  roo t organism s 

and make normal growth". As fa r  a s i s  known, very  l i t t l e  regard i s  g iv en  

to  th e typ e o f  r o ta t io n  b e in g  p r a c t ic e d  when p la n tin g  tim e f e r t i l i z e r  

recommendations are made. No r e fer en ce  i s  made in  regard  to  d if f e r e n t  

methods o f  f e r t i l i z a t i o n  or  f e r t i l i z e r  a n a ly s is  in  th e  F e r t i l i z e r  

Recommendation B u l le t in  (18) fo r  M ichigan. However, fo r  c e r ta in  crop  

seq u en ces, p a r t ic u la r ly  where b e e ts  fo llo w  sm all g r a in s , th o se  who make 

f e r t i l i z e r  recommendations u s u a lly  su g g est th a t u n t i l  th e  tim e o f  th e  

l a s t  c u l t iv a t io n  the n itr o g e n  s ta tu s  o f  th e  b e e ts  be c lo s e ly  ob served .

Where d e f ic ie n c ie s  occu r, n itro g en  s id e  d r e s s in g s  should  be made. Their  

recommendations are p a r t ia l l y  based  upon s id e  .dressing r e s u l t s  ob ta in ed  on 

the Ferden Farm (4 4 , 4 6 ) .

S o il  St r u c tu r e ♦ There has been v e ry  l i t t l e  p u b lish e d  in  regard to  

sugar b e e t r o ta t io n s  and s o i l  s tr u c tu r e . Farnsworth ( l6 )  and Farnsworth  

and Baver (17) have made im portant c o n tr ib u tio n s  in  th e  f i e ld  o f  s o l]  

str u c tu r e  and sugar b e e t r o t a t io n s .  T heir work showed a  d e f in i t e  r e la t io n ­

sh ip  betw een cropping sy stem s, non—c a p il la r y  p o r o s ity , and sugar b ee t stand  

and y i e ld s ,  Yoder (64) s t a t e s  th at "the o n ly  p o s it io n  in  the r o ta tIo n  th at  

in su res  a  s tr u c tu r a l s t a b i l i t y  o f  th e  ro o t bed s u f f i c i e n t  to  in su re  adeqoat 

a e r a t io n  and drainage fo r  b e e ts  i s  to  p la c e  them im m ediately  a f t e r  a sod 

cro p . High o rg an ic  m atter input and g r a ss  ro o ts  both  c o n tr ib u te  t<-> w ater  

r e s i s t a n t  s o i l  g r a n u la tio n " .



I I I .  PLAN OF STUDY

This in v e s t ig a t io n  was undertaken in  order to  determ ine the e f f e c t  

o f  system s o f  farm ing upon crop y ie ld s  and upon s o i l  s tr u c tu r e . I f  

d if fe r e n c e s  in  s o i l  s tr u c tu r e  cou ld  be m easured, i t  was hoped th a t th e  

d ata  cou ld  be u sed  as a  b a s is  fo r  th e developm ent o f  a q u ick  t e s t  o f  an 

em p ir ica l n atu re  which could  m easure s o i l  s tr u c tu r e .

The p la n  o f  study in c lu d ed  th e  fo llo w in g :

I Crop y ie ld s  and o b se rv a tio n  on growth c h a r a c t e r is t ic s .

A. Sugar b e e ts

B. Corn

I I  Plow ing tim e o b se rv a tio n s .

I l l  P h y sica l d e term in a tio n s .

A. Dry screen  a n a ly se s  o f  s o i l  from corn and sugar b ee t  

seed  b ed s.

B. A ggregate a n a ly se s  o f  s o i l  from corn and sugar b ee t  

root b eed s.

C. T ota l and n o n -c a p illa r y  p o r o s ity  a n a ly ses  o f  s o i l  from  

corn and sugar b e e t root b ed s.

D. P h y s ic a l d eterm in ation s on s o i l  b e fo re  plow  depth .

E. Quick t e s t s  fo r  determ ining s o i l  s tr u c tu r e .

1 . Penetrom eter s tu d ie s .

a . Plumb-type penetrom eter.

b .  M .S.C. penetrom eter.

2 . P e r c o la t io n  s tu d ie s .



IV . EXPERIMENTAL FIELD SET UP

A. D escr ijjtio n  o f  S o i l  on th e  Ferden Farm

The Lee Ferden Farm i s  lo c a te d  in  th e  sugar "beet growing area  o f  

Saginaw County, M ichigan, th ree  m iles  sou th  o f  Chesaning in  th e  NWj o f  

s e c t io n  33* T9N, R3E. The s o i l  has been mapped by th e  farm p lan n ers o f  

th e  S o il  C onservation  S e r v ic e , Saginaw, M ichigan, and i s  d escr ib ed  as  

havin g a  su r fa ce  s o i l  s im ila r  to  B rookston or Clyde s o i l  and a  "brownish- 

y e llo w , heavy, p la s t i c  s i l t y  c la y  s u b -so il  s im ila r  to  T oledo". Veatch (56) 

has in d ic a te d  th e  s o i l  on which the p lo t s  are  lo c a te d  as  b e in g  a  member 

o f  th e B rookston s e r i e s .

S o il  a n a ly se s  showed th a t th e  su r fa c e  s o i l  co n ta in ed  25 to  28 per  

cen t d a y  and 50 to  58 p er  cen t sand. I t ,  th e r e fo r e , was c la s se d  as  a  

Brookston sandy c la y  loam . A ccording to .L ynd  (34) th e  s o i l  contain ed  7 ,8  

per cen t o rg a n ic  m atter; had a  pH o f  6 . 8 , and a  base exchange c a p a c ity  

o f  1 3 .4 5  m. e .  per 100 gins, o f  s o i l ,  o f  which 8 .9 5  ©* are ca lc iu m ,

0 ,1 6 5  m. e .  are magnesium, and 2 .4 5  m. e .  are hydrogen. An open d itc h  

l i e s  a lon g  th e  w est s id e  o f  th e  p lo t s  and th e  f i e l d  i s  t i l e d  a t  ev ery  fou r  

ro d s . However, th e  s u b s o il  s tru c tu re  i s  such th a t th e  s o i l  d ra in s ra th er  

s lo w ly . There i s  a  very  g e n t le  s lo p e , 14 f e e t  per m ile , which a llo w s  some 

su r fa ce  d ra in a g e ,

B. D e sc r ip tio n  o f  th e  P lo t s  and Systems o f  Farming

Seven 5 y©a** r o ta t io n s  were s t iid ie d . They were as  fo llo w s :



1 . B a r le y , al fa l  f  a -o  r o me, a l fa i fa -b r o m e , corn , sugar b e e ts

2 . B a r ie y , a],fa] fa-brom e, a!fed fa-brome,' sugar b e e t s ,  noon

3 . B a r ie y , a l  f  a l  f  a.- b r  o me, a l f a l f a - ! r o m e ,  beans, sugar users

4 . B a r iey , o a t s ,  a l f a l f a , ■corn, sugar b e e t s

5* B a r le y , o a ts ,  c lo v e r - t im o th y , corn , sugar b e e t s

6 , B a r le y , "beans, wheat, corn, sugar b e e t s

7* B a r ley , green manure*, beans, wheat, green manure*, corn,

sugar "beets

The green manure crop was seeded with, b a r le y  and was plowed under fo r  beans,  

and was seeded in  the  sp r in g  on wheat to he plowed under fo r  c o m .

The p l o t s  were arranged in  a  s p l i t  p lo t  randomised blocS: d es ig n .

Two f e r t i l i z e r  r a te s  account fo r  the  s p l i t  p lo t  d e s ig n .  Since the "high" 

f e r t i l i t y  p l o t s  (1 ,000  pounds o f  2- 16—8 per acre  per r o ta t io n )  have o u t -  

y ie ld e d  the low f e r t i l i t y  p lo t s  during the  f i r s t  c y c le  o f  the r o t a t io n ,  

t h i s  study was made o n ly  o n .th e  high f e r t i l i t y  p l o t s .  Therefore, f o r  the  

purpose o f  t h i s  stud y , the, p l o t s  were tr e a te d  as a randomi 2e& p lo t  ex p e r i­

ment. The r o ta t io n s  were r e p l ic a t e d  four tim es and a i j  crops appeared 

each year* "Barley %nd sugar b e e t s  occurred in  a!3 r o t a t io n s .  Corn appeared 

in  a l l  hut one o f  the r o t a t io n s .

So fa r  the p l o t s  have been described as a crop r o ta t io n  experi men t „ 

A c tu a l ly ,  the p lo t s  rep resen ted  systems o f  s o i l  managewri t w ith in  g iven  

cron r o t a t io n s .  T herefore , in  t h i s  t r e a t i s e  the terms "crop r o t a t i o n s 1' 

and. “system s o f  farm! n.g" are  used in terch an geab ly . The system s ->f fa r  ml »y 

have "been numbered— c a l l e d  ro ta t io n  number— fo r  the sake o f  con ven ien ce .

* Mixture o f  a l s i k e ,  -June, Mammoth, and sweet c lo v e r .



The u se  o f 1 l iv e s t o c k  manure, and th e d is p o s it io n  o f  crop r e s id u es  

were r eg u la te d  accord in g  to  th e system s o f  farm ing which might he p r a c t ic e d  

w ith  th e  d if f e r e n t  r o t a t io n s .  In r o ta t io n s  1 , 2 , and 3 manure a t  th e  ra te  

o f  10 to n s per a cre  was a p p lie d  fo r  corn and b ean s. In r o ta t io n s  h and 

5 w ith 'o n ly  20 per cent o f  the land in  hay, a farmer would not fe e d  as  

many c a t t l e  so th e  manure a p p lic a t io n s  were 7 ton s per a c r e , No manure 

was a p p lie d  in  r o ta t io n s  6 and 7 because under such farm ing- system s l i v e ­

s to c k  are not g e n e r a lly  r a is e d .

Corn s to v e r  was l e f t  on a l l  th e  p l o t s .  Straw and sugar b e e t  top s  

were retu rn ed  to  the p lo t s  in  r o ta t io n s  6 and 7 .

A com plete d e s c r ip t io n  o f  the p lo t s  and how th ey  have been handled  

has been p u b lish ed  (1 0 ) .

A ccording to  th e o r ig in a l  p la n s fo r  th e  experim ent sw eet c lo v e r  was 

to  be seed ed  in  b a r le y  and wheat in  r o ta t io n  ?• When t h i s  was a ttem p ted , 

poor stan d s o f  sw eet c lo v e r  r e s u lte d  b ecau se  an in s e c t  (Sweet c lo v e r  

c u r c u lio )  devoured th e  sm all p la n t s .  S ta r t in g  in  19*15 * a  m ixture o f  

a l s ik e ,  June, nammoth, and sw eet c lo v er  was s u b s t itu te d  fo r  th e  sweet 

c lo v e r . S in ce  th a t  tim e , good stand s o f  th e  legum inous m ixture were ob­

ta in e d .



V. GENERAL OBSERVATIONS

During th e  cou rse  o f  t h i s  experim en t, sev e r a l changes occurred in  

th e  p h y s ic a l se tu p  o f  th e  experim ent w hich should  he m entioned. At a  

few  lo c a t io n s ,  sh ort s t r in g s  o f  t i l e  were p la ced  be]ow c e r ta in  s e r ie s  o f  

p lo t s  which seemed to  d ra in  s lo w ly . These t i l e  have a id ed  co n sid era b ly  

in  d ra in in g  lo c a l  areas which were n a tu r a lly  w e tter  than th e  r e s t  o f  th e  

f i e l d .  A ls o , the open d it c h e s  were c lea n ed  out in  19A? and t h is  

m a te r ia lly  decreased  th e f lo w  o f  su r fa ce  w ater a cro ss  t h e  p lo t s  in  th e  

sp r in g . On t h i s  s o i l ,  adequate drainage i s  o f  prime im portance fo r  s a t ­

i s f a c t o r y  crop y ie ld s .  S in ce in s t a l la t io n  o f  t h is  a d d it io n a l drainage  

th e  s o i l  has been much more uniform  and has worked up e a s ie r  in  th e  

sp r in g .

The crops grown in  t h i s  experim ent were probab ly  ad eq u ately  f e r t i l i ­

zed in  regard  to  phosphorus and p o tash  b ecau se th ere  was l i t t l e  ev id en ce  

o f  a  d e f ic ie n c y  o f  th e se  n u tr ie n ts .

T his was not th e ca se  fo r  n itr o g e n , Sometimes, th e  crop y ie ld s  were 

lower than th ey  would have been I f  adequate n itro g en  had been a v a i la b le .  

The cash crop r o ta t io n s  su p p lie d  much l e s s  n itro g en  than did th o se  

r o ta t io n s  which might f i t  in to  a  l iv e s t o c k  system  o f  farm ing. P e r io d i­

c a l ly ,  th e  corn y ie ld s  were in crea sed  by s jd e -d r e sse d  n itro g en  even where 

corn fo llo w e d  im m ediately a f t e r  an a lfa lfa -b ro m e  hay crop .

The sugar b e e t s ,  d e s p ite  th e  fa c t  th a t they  r ec e iv ed  p la n tin g  tim e 

a p p lic a t io n s  o f  manganese and boron, during some sea so n s showed d e f ic ie n c  

symptoms fo r  th e se  n u tr ie n t s .



V I. EFFECTS OF SYSTEMS OF FARMING- ON CROP YIELDS

Only th e  y ie ld s  o f  sugar b e e ts  and corn are rep o rted  in  t h is  stu d y  

b ecau se  th e  o th er  crops had some v a r ia b le  o th er  than r o ta t io n  which  

might in f lu e n c e  th e  y i e l d s .  For exam ple, th e  b a r le y  was f e r t i l i z e d  

w ith  500 pounds o f  2 -1 6 -8  in  R o ta tio n s 1 , 2 , and 3; and w ith  250 pounds 

in  4 , 5* and 7 . T h erefore , i t  would not be j u s t i f i a b l e  to  compare 

th e  y ie ld s  where th ere  were th ese  two f e r t i l i z e r  r a te s  and su g g est th at  

d if fe r e n c e s  might be due to  crop r o ta t io n s .

The crop y ie ld s  o f  th e  f i r s t  c y c le  o f  th ese  r o ta t io n s  have been  

pub Id. shed ( l l ) »

A. Sugar B eet Y ie ld s

Sugar b e e t  root y ie ld s  were u sed  to  in d ic a te  th e  y ie ld  ra th er  

than pounds o f  sugar p er  acre  because sugar d eterm in ation s have shown 

l i t t l e  d if fe r e n c e s  as caused by r o ta t io n s .  This procedure should reduce  

the experim ental error which might be ob ta in ed  i f  sugar a n a ly se s  were 

in c lu d ed  in  th e  in te r p r e ta t io n  o f  the d a ta .

The sugar b ee t y ie ld s  are shown in  Table 1 . No y ie ld s  were ob ta in ed  

in  194? becau se  th e  b e e ts  had to  be dragged tip a f t e r  r ep la n tin g s  f a i l e d ,  

B lack roo t d is e a s e  d ecreased  the stand o f  both  p la n tin g s  to such an ex­

te n t  th a t th e  p lo t s  had to  be abandoned fo r  th a t y e a r . In 1948, 1949, 

and I.95O a l l  o f  the b e e ts  had b la ck  r o o t ,  but seemed to  out-grow  th e  

d is e a s e  as the season n rog i'essed . Almost average y ie ld s  fo r  the area  were 

o b ta in ed .
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During th e  f i r s t  c y c le  o f  the r o ta t io n s ,  th e h ig h e s t  y ie ld s  occurred  

where sugar h e a ts  fo llo w ed  two years o f  a lfa lfa -b r o m e  hay (R ot, 2 ) ,  ^he 

y ie ld s  were somewhat h igh er  than where sugar "beets fo llo w ed  heans (R ot, P ). 

However, by th e  end o f th e  second c y c le  t h is  d if fe r e n c e  d isappeared  and 

th e y ie ld s  a f t e r  beans were h igh er  than th ose  a f t e r  a lfa ifa -b r o m e  hay* 

Greenhouse experim ents su gg ested  th a t th e  bean s-su gar  b e e t s  sequence 

r e s u lte d  in  h ig h er  b ee t y ie ld s  than d id  a lf a l f a - s u g a r  b e e ts  ( l 1)* This 

i s  because th e  y ie ld  o f  b e e ts  a f t e r  a l f a l f a  has not been c o n s is t e n t ly  good. 

In f a c t ,  in  19^B, 19^9* &nd 195^ k*16 y ie ld s  from R o ta tio n  2 ( a l f a l f a —brome, 

b e e ts )  were low er than from th e cash crop r o ta t io n  (R ot, 6 ) ,

The d ata  in  Table 2 show th a t th e low y ie ld s  where b e e ts  fo llo w ed  

a l f a l f a  (R ot, 2 ) in d ir e c t ly  were r e la te d  to  the number o f  m arketable 

sugar b e e t s .  In seven out o f  n in e  years t h is  r o ta t io n  produced l e s s  

m arketable b e e ts  than d id  any o f  th e o th er  r o ta t io n s ,  The data in  t h is  

ta b le  are s l i g h t l y  m islea d in g  in  th a t a  uniform  sp acin g  o f  b e e ts  in  the  

row i s  assum ed. T h is, however, was not the case and i t  p a r t ia l ly  accounts  

fo r  the r e l a t i v e l y  high stand  counts which some y ea rs  were a s so c ia te d  

w ith  r e la t iv e l y  low y i e ld s .

R o ta tio n  6 ( a l l  cash  crop) has c o n s is t e n t ly  produced low b e e t y ie ld s .  

The low  y ie ld s  are  p a r t i a l l y  a  r e s u lt  o f  in s u f f i c i e n t  n itro g en  b e in g  

su p r lle d  by the s o i l  in  t h is  r o ta t io n . This was more ev id en t in  t h is  

r o ta t io n  than 5n any o f  th e  o th ers  (Table 3)»

The b e e ts  in  a l l  o f  th e  r o ta t io n s  excep t R otation  2 (b ee ts  a f t e r  

a lfa lfa -b r o m e  hay) recm ired more n itro g en  than, was n a tu r a lly  su p p lied  by 

the s o i l ,  The p la n t t i s s u e  t e s t s  rep orted  in  Table 3 and t he  n i t r o g e n  

s id e  d r e ss in g  r e s u l t s  showed th is  to  b e tr u e .
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1. 7 .

The s id e  d r e ss in g  r e s u l t s  in  1948 showed an in c r e a se  in  y ie ld  rang­

in g  from 0 .9 0  ton s in  R o ta tion  7 to 2 ,2 8  ton s in  R o ta tion  5* Two—hundrel 

pounds o f  ammonium s u l f a t e  was a p p lied  a t  th e  l a s t  c u l t iv a t io n .  Tn 194Q. 

in s p i t e  o f  th e  fa c t  th a t th e s id e  d ressed  rows d id  not co n ta in  as many 

h e e ts  a s  d id  th e  check rows, s id e  d r e ss in g  in  R o ta t io n s .6 and ? in crea sed  

th e  y ie ld s  0 ,8 5  and 1 .8 l  to n s , r e s p e c t iv e ly .  The b e e ts  were not s id e  

d ressed  in  I95&*

In t h is  experim ent, the e f f e c t  o f  r o ta t io n s  upon b e e t  y ie ld s  was 

not as g rea t a s  upon corn y i e ld s .  This i s  undoubtedly due td the f a c t  

th a t sugar b e e ts  fo llo w ed  corn in  a l l  ex cep t two r o ta t io n s .  Corn fo llo w e d  

s i x  d i f f e r e n t  cro p s.

B* Corn Yield.s

In t h i s  experim ent corn occurred in  on ly  s i x  o f  the r o ta t io n s .  The 

y ie ld s  o f  corn , as a f f e c te d  by r o ta t io n s ,  have been  very  c o n s is te n t  

(T able 4 ) .

The corn y ie ld s  arranged th em selves in to  th ree  groups. Where corn  

fo llo w ed  wheat (R ot. 6) the y ie ld s  were th e  low est in  th e experim ent every  

year during th e  10 year p e r io d . This was p a r t ia l ly  caused  by th e  extrem e 

n itro g e n  d e f ic ie n c y  which occurred each y ear. When the corn was s id e  

d ressed  w ith  n itr o g e n , th e  y ie ld s  were increased  to  such an ex ten t th a t  

th ere  was l i t t l e  d if fe r e n c e  in  y ie ld s  in  th is  r o ta t io n  and the r o ta t io n s  

which in clu d ed  a l f a l f a .  In 1948, lp 4 9 , and 1950 the y ie ld s  in  th is  

r o ta t io n  were in crea sed  1 5 *0 , 2 2 .1 , and 2 0 .0  b u sh e ls ,, r e s p e c t iv e ly ,  where 

th e  corn was s id e  d ressed  w ith  200 pounds o f  ammonium s u lf a t e  a t the tim e 

o f  the l a s t  c u l t iv a t io n ,  TTo s id e  d r e ss in g  was roade p rev iou s to  1948, but
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d e f ic ie n c y  symptoms and p la n t  t i s s u e  t e s t s  in d ic a te d  th a t severe  n itro g en  

s ta r v a t io n  occurred (T able 5 ) .

The second group in c lu d e s  th ree  r o ta t io n s ,  where corn fo llo w ed  

sugar b e e ts  (Rot* 2 ) ,  where i t  fo llow ed  c lo v er -t im o th y  hay (R ot, 5 )» 

and where i t  fo llo w e d  wheat which was seeded  w ith  a  legum inous green manure 

m ixtu re . The corn y ie ld s  in  th ese  th ree  r o ta t io n s  were c o n s is t e n t ly  

h ig h er  than in  th e  cash  crop r o ta t io n  (R ot. 6 ) ,  but were low er than 

where corn fo llo w e d  a l f a l f a .  The one in c o n s is te n t  f ig u r e ,  in  R o ta tio n  2 

in  19^3, was th e  r e s u l t  o f  the sugar b e e t  f a i lu r e  in  19^7- Thus in  19A8 

c o m  a c t u a l ly  fo llo w ed  summer fa llo w , which in  turn  had fo llo w ed  a l f a l f a ,  

in s te a d  o f  fo llo w in g  sugar b e e t s .

T h is second group co u ld  be su b d iv id ed  in to  two sm a ller  groups on the  

b a s is  o f  growth c h a r a c t e r is t ic s .  The corn which fo llo w ed  the w h eat--green  

manure, and th a t which fo llo w e d  the c lo v e r  tim othy, c o n s is t e n t ly  responded  

to  n itro g e n  s id e  d r e ss in g , The in c r e a se s  in  y ie ld  due to  n itrogen  were 

sm a lle r , though, than th e y  were in  th e  cash  crop r o ta t io n , • There was no 

d if fe r e n c e  in  m atu rity  o f  th e  crop as in d ic a te d  by m oisture d e term in a tio n s .

The corn which fo llo w e d  sugar b e e ts  fr e q u e n tly  grew much slow er than 

in  any o f  th e  o th er  r o ta t io n s  and s ta lk s  remained green  lon g er  in  th e  

f a l l .  No d a ta  are a v a ila b le  in  regard to m atu rity  o f  th e  g ra in  because  

the corn was alw ays h a rv ested  some tim e a f t e r  a  k i l l i n g  f r o s t .  E v id e n tly  

t h i s  f a c t  accou nts fo r  th e  la c k  o f  data showing a  d if fe r e n c e  in  m aturity  

o f  th e  g r a in .

Another o b serv a tio n  was made on t h is  r o ta t io n  in. regard to  the c o lo r  

o f  th e  corn  b e fo re  i t  reached knee h e ig h t . Freaueritly  many o f the corn  

p la n ts  had a  p u rp le  t in g e  id e n t ic a l  to  the phosphorus d e f ic ie n c y  symptoms



Tabi e 5
The E ffe c t  o f  System o f Farming U p o n  Corn P lant 

T issu e  T ests  fo r  N itr a te  in 1

R o ta tio n Crop
N itr a te  T issu e  Test-*”"" 

Date o f  Test
Number S ea u e n c e P -3 . 6 -2 5 7 -5 7 - i o 7 - 1 S 8 -1 8 - 9 8 -2 0 9-*5 B u /A ,

1 SB —B a —A—A— C H H H VH M L B L B 5 8 .2

2 B a-A -A -SB -C . H M M H H M I B B 53 »7

b SB-Ba-O—A-C H H H VH M M B B B 6 2 . 9

5 SB -B a-O -C l-C H H M M M I) B B B 5 9 . r

6 SB-Ba-Be-W^C H M
,

H M B B B B B ^ 0.8

rm-:f SB —Ba ( pm) —B e 
—W(gm)-C

H H H M B 1 B B B 5 ^ .1

VH—v ery  h ig h , B~high, M-.med.iuni, L -low s B -blank

SB-sugar b e e ts  
B e-b ean s  
B a -b a r ley
A - a l f a l f a  brome hay 
C-corn
C l-c lo v e r  tim othy hay  
V/-wheat
gm -green manure m ixture o f  a l s i k e , June, and sw eet c lo v er  
O -oats

Composite s a m p l e s  from a l l  r e p l ic a t io n s



d e scr ib e d  by Cook and M illa x  ( 9 ) .  P lan t t i s s u e  t e s t s  in d ic a te d  a  low  

phosphorus l e v e l .  This d e f ic ie n c y  seemed to  be more in te n se  during  

th o se  sp r in g s  havin g  more than normal r a in f a l l  and low er than normal 

t  em peratures.

The h ig h e s t  corn y ie ld s  occurred  where corn fo llo w e d  im m ediately  

a f t e r  a lfa lfa -b r o m e . Whether th e  alfalfar-brom e hay was l e f t  one or two 

yea rs  made no d if fe r e n c e  in  th e  y ie ld s .  The y ie ld s  from th ese  two 

r o ta t io n s  (R ot. 1 and U) have been s ig n i f i c a n t ly  h ig h er  than where corn  

fo llo w e d  c lo v e r -t im o th y , sugar b e e t s ,  or w heat. The p la n ts  in  th e se  

two r o ta t io n s  have t e s t e d  h ig h er  in  n itro g e n  and n itro g e n  s i  d e -d re ss in g s  

have not m a te r ia lly  in crea sed  y i e ld s .

P la n t t i s s u e  t e s t s  made during the growing season have always g iv en  

p o s i t iv e  t e s t s  fo r  P and K in  th e  p la n ts  from a l l  o f  the r o ta t io n s .

T his in d ic a te s  th a t  r e g a r d le s s  o f  the fa c t  th a t the corn d id  n ot r e c e iv e  

f e r t i l i z e r  a t p la n tin g  tim e, th e  p la n ts  ob ta in ed  adequate amounts o f  

th e s e  two n u tr ie n t s .



V I I .  PLOWING TINS OBSERVATIONS

The e f f e c t  o f  system s o f  farm ing on the p h y s ic a l s ta tu s  o f  the  

s o i l  was very n o t ic e a b le  when th e p lo t s  were b e in g  plow ed. This was 

more e v id e n t when the plow ing was fo r  corn than fo r  b e e ts  because com  

fo llo w e d  more d if f e r e n t  crops (P la te  l ) .

Com fo llo w e d  two y ea rs  o f  a lfa lfa -b r o m e  hay in  P o ta tio n  ] .  When 

th e  sod was plow ed, i t  turned over in  lo n g  ribbons and had a  g lo s s y  

appearance* The s o i l  appeared to  be v ery  t ig h t  or d en se , but when, dry 

broke in to  fragm ents w ith  most o f  th e  fragm ents v a ry in g  between o n e -h a if  

and th ree  in ch es  in  d iam eter . This has occurred w ith in  15 m inutes a f t e r  

p low in g . The s o i l  seemed to  dry much more r a p id ly  than where some o th er  

crop was plowed under.

In R otation  2 , com  fo llo w e d  sugar b e e t s .  When th e  s o i l  was olowed 

fo r  co rn , i t  turned over in  la r g e  c lo d s , many o f  them over a fo o t  in  

diam eter (P la te  l ) .  Under th e  f e e t ,  th e  plowed s o i l  f e l t  tough and hard. 

D rying caused  very  l i t t l e  fragm entation  o f th e  c lo d s . When the b e e ts  bad 

been h a rv ested  during wet w eather, as th ey  were in  19^8 * i t  was p o s s ib le  

to  observe th e  e f f e c t s  o f  tr a c to r  w heels in  th e  plowed s o i l ,  The tru ck s  

w hich hau led  th e  b e e ts  to  th e fa c to r y  had more e f f e c t  on the s o i l  than  

d id  the w h eels o f  the h a r v e st in g  tr a c to r .  In e i th e r  c a s e , th e compacted 

s o i l  was e v id e n t even where the furrow had been turned to  a  depth o f  8 

or 9 in c h e s . The s o i l  in  th e  wheel tra ck s d r ied  s lo w ly  and did not b r e a k  

up r e a d ily  w ith  a  d is c  during seed bed p rep a ra tio n . S in ce th ese  ob serva­

t io n s  were made, trucks have not been a llow ed  on th e p lo t s ,  even though



th e  s o i l  seemed r e la t iv e l y  dry . R o ta tio n  had one year  o f  a l f a l f a  

p reced in g  co rn . More a l f a l f a  r o o ts  were v i s i b l e  a f t e r  plow ing than in  

R o ta tion  1 . The s o i l  turned over in  in d i s t in c t  ribbons composed o f  very  

angu lar fragm ents vary in g  betw een one and th ree  in ch es  in  d iam eter. Upon 

d ry in g , th e  fragm ents broke in to  sm aller  p ie c e s  and th e  s o i l  had a  s im ila r  

appearance to  th e s o i l  in  R otation  1 ex cep t th at th e  furrow s l i c e  was 

l e s s  d i s t i n c t .

Corn fo llo w e d  c lo v er -t im o th y  hay in  R o ta tion  5* When th ese  p lo t s  

were plow ed, th e  s o i l  turned over in  an in d is t in c t  ribbon composed o f  

sm all fragm ents l e s s  than two in ch es in  diam eter (P la te  3 ) .  Upon d ry in g , 

the fragm ents broke down in to  p a r t ic le s  no la r g e r  than th re e -q u a rte r s  in ch . 

In 19 *̂7 a*id 19*18, a f t e r  plow ing manure spreader tra ck s were p la in ly  v i s i b l e  

on th e p lo t s  in  t h is  r o ta t io n  (P la te  k ) . They were not seen  on any o f  

th e  o th er  r o ta t io n s .

In R o ta tio n  6 , corn fo llo w ed  w heat. When the lan d  was plowed fo r  e^m  

in  t h is  r o ta t io n , the in d iv id u a l furrow s l i c e s  were not d is t in g u is h a b le  in  

th a t th ey  were composed o f  sm all ( l e s s  than one in ch ) angular fragm ents.

The plowed p lo t s  were l e v e l  and showed l i t t l e  in d ic a t io n  o f  in d iv id u a l  

furrow s l i c e s .  The fragm ents d id  not break down upon d ry in g . The s o i l  i n  

t h i s  r o ta t io n  always seemed w etter  than in  any o f the o th er  r o ta t io n s  a t  

■hiowing tim e, A lso  the plow d id  not cut as wide a furrow and was harder  

to  keen in  th e  s o i l  when the m oisture co n ten t was low (P la te  2 ) ,

In R o ta tio n  ? , corn fo llo w ed  wheat in  which had been seeded a green  

manure m ixtu re. At plow ing tim e the furrow s l i c e s  were not. d i s t in c t  and 

co n ta in ed  a la r g e  number o f angular fragm ents varyin g  between one and tbre- 

in ch es  in  d iam eter . The s o i l  was s im ila r  to  that, in  R otation  h, but upon



d ry in g , th e se  fragm ents did. not break up in to  sm aller  fragm ents. In t h i s  

r e s p e c t ,  th e  s o i l  was s im ila r  to  th a t in  R o ta tio n  6 .

In R o ta tio n  2 , sugar b e e ts  fo llo w e d  a lfa lfa -b r o m e  hay. At p low ing  

tim e th e  s o i l  had th e  same appearance a s  d id  th e  s o i l  on the p lo t s  in

R o ta tio n  1 , where corn was to  be p la n te d .

B ee ts  fo llo w e d  beans in  R otation  3» but the beans d id  not a f f e c t  the  

c h a r a c t e r is t ic s  o f  the plowed s o i l  d i f f e r e n t ly  than d id  corn which preceded

th e b e e ts  in  a l l  o f  th e  o th er  r o ta t io n s .  When th e  corn s to v e r  was plowed

under, th e  s o i l  turned over as in d is t in c t  ribbons composed o f  vary in g  

s iz e d  c lo d s .

These o b se rv a tio n s  a lo n e  are  not o f  much v a lu e . However, a f t e r  a  

r a in  i t  was n ot d i f f i c u l t  to  see  th e  r e la t io n s h ip  o f  s o i l  appearance to  

w ater s ta b le  s o i l  p a r t i c l e s .  G en era lly  sp eak in g , the sm aller  the s o i l  

p a r t i c l e s ,  th e  l e s s  d i s t i n c t  ribbons during p low in g , th e l e s s  s ta b le  were 

th e s o i l  p a r t i c l e s .  This undoubtedly was due to  the in f lu e n c e  o f  th e  

g ra ss  r o o t s .  Under th e c o n d it io n s  o f  t h i s  experim ent, th ere  were always 

more brome g r a ss  r o o ts  than tim othy r o o ts  which probably accounted fo r  

th e  more s ta b le  s o i l  p a r t i c l e s  on th ese  p lo t s .



V III . METHODS USED IN PHYSICAL DETERMINATIONS

A, Dry Screen A n a ly s is  o f  Seed Beds

Dry screen  a n a ly se s  were made on screen s  m easuring approxim ately  

2 x 4  f e e t .  S o i l  was sampled w ith  a sm all square nosed  spade to  a  depth  

o f  3 in ch es  a t  20 random lo c a t io n s  in  each p lot the day a f t e r  the crop  

was p la n te d . The to t a l  amount o f  s o i l  removed from a  p lo t  fo r  screen  

a n a ly s is  v a r ie d  between 10 and 50 pounds. Care was taken to keep a l l  

a g g regate  breakage a t  a  minimum. The s o i l  th a t was caught on th e  screen  

’was removed and weighed and th a t which p assed  through the screen  dropped 

onto th e n ex t screen  having a  sm aller  s i z e  opening.

B. A ggregate A n a ly s is  o f  Root Beds

S o il  sam ples were c o l le c t e d  in  th e  sp r in g  a f t e r  p la n t in g  tim e, but 

p rev iou s to  th e f i r s t  c u l t iv a t io n ,  w ith  a  spade to  a  depth o f  7 in c h e s .

This was app roxim ately  plow depth . Samples were from fou r random lo c a t io n s  

per p lo t .  The fou r  sam ples from each p lo t  were com posited . A fter  th e  

s o i l  was p a r t i a l l y  a ir  d r ie d , i t  was p assed  through a 10 mm screen  and 

th en  co m p le te ly  a ir  d r ie d . The. m ateria l f in e r  than 5 ^  wa-s then removed 

by sc r e e n in g . The 5 to  10 mm m ateria l was then used  fo r  aggregate  

a n a ly s is .  T his was done so th a t aggregates o f  uniform  s iz e  might be com­

pared . P re lim in a ry  in v e s t ig a t io n s  showed th a t t h is  procedure, u sin g  uni­

form s i z e  s o i l  p a r t i c l e s ,  reduced the experim ental e r r o r s . A c tu a lly  the 

screen ed  sample rep resen ted  betw een 49 and 86 per cen t o f  the o r ig in a l  

s o i l  sample depending on I t s  m oisture con ten t a t sam pling and screen in g  tim e.



There was no r e la t io n s h ip  between the per cen t o f  the o r ig in a l s o i l  sample 

u sed  fo r  the aggregate  a n a ly s is  and the system s o f  crop r o ta t io n s .

Water s ta b le  a g g reg a tes  were determ ined by the p r in c ip le  o u t lin e d  

by Yoder (o 2 ) .  The h aboratory-m ade w e t -s ie v in g  apparatus operated four  

n e s ts  o f  s ie v e s  s im u lta n eo u sly  a t 30 s tr o k e s  per minute through a d is ta n c e  

o f  50 mm. The s ie v in g  tim e was 30 m in u tes. Standard w ire s ie v e s  having a  

6 inch  d iam eter and open ings o f  4 .0 0 ,  2 . 0 0 , 1 . 0 0 , 0 . 5 0 , 0 . 2 5 , and 0 .1 0  mm 

were u sed .

T w en ty -five  grams o f  th e s o i l  was u sed  fo r  each d eterm in a tio n . The 

a ir  dry s o i l  was p la ced  on the top s ie v e  and the n e s ts  o f  s ie v e s  were 

s e t  in  m otion . A fter  s ie v in g ,t h e  s o i l  m a ter ia l which had c o l le c te d  on 

each s ie v e  was d r ied  and w eighed.

Review o f  L ite r a tu r e on A ggregate A n a ly s is . Bouyoueos ( 4 ) ,  Rhoades 

( 4 l ) ,  C ole and E d lefsen  ( 7 ) ,  and Yoder (62) have proposed methods fo r  

measuring th e a g g reg a tio n  o f  s o i l s ,  but Yoder*s procedure has p r o b a b l y  

been u sed  as much or more than any o f th e  o th er  procedures because o f  i t s  

s im p l ic i t y .  R etzer  and R u sse ll  (40) have s ta te d  th at a l l  o f th e pro­

cedures are em p ir ica l in  nature in  th a t care in  o p era tion  i s  needed to  

o b ta in  rep ro d u cib le  r e s u l t s .  Laws and Evans (26) have shorn a  d ecrea se  i n  

a g g reg a tio n  o f  a  ren dzina s o i l  r e s u lt in g  from years o f  cropping. VahBave1 

( 55) has shown a  d ecrease  in  a g g reg a tio n  from v ir g in  sod to  r o ta t io n a l corn 

to  con tin u ou s corn . K lute and Jacob (2 5 ) have shown th a t the s t a b i l i t y  

o f  a g g reg a tes  in  th e 2 -  5 mm fr a c t io n  sep arated  from the a ir  dry s o i l  was 

s ig n i f i c a n t l y  in c r ea se d  by th e  a d d it io n  o f organic m atter to s o i l s ,  These 

have been th e  genera] co n c lu s io n s  o f o th er  in v e s t ig a t io n s  (2 0 , 24, 38 , 6n,



C* P o r o s ity  S tu d ies o f  Root Beds

P o r o s ity  d eterm in a tio n s were made on a pF ta b le  s im ila r  to  th e  one 

d escr ib ed  by Learner and Shaw (2,8)* S o il sample cores were c o l le c t e d  from  

random lo c a t io n s  on the sugar b ee t and corn p lo t s ,  excep t th at a t t e n t io n  

was p a id  to  row lo c a tio n *  Core samples were always taken 10 in ch es from 

th e  c o m  rows and ? in ch es  from th e b e e t  row s. This was done to  m inim ize 

th e  e f f e c t  o f  th e s o i l  which i s  thrown towards the rows during c u l t iv a t io n .  

These d is ta n c e s  from th e rows rep resen ted  areas where s o i l  accum ulation  

or s o i l  removal was a t  a  minimum* Cores were taken o f  the su rface  s o i l  

and no attem p t was made to  remove the c r u s ts  which alw ays formed*

Review o f  l i t e r a t u r e on P o ro sit y .  S lip h er  (50) has enumerated severa l 

im portant requirem ents o f  an id e a l s o i l  s tr u c tu r e . O thers cou ld  perhaps 

be added. Most o f th e requirem ents are d ir e c t ly  r e la te d  to s o i l  p o r o s ity  

even though some o f  them are not o f  an agronomic nature* I t  would seem 

th at an id e a l s o i l  s tr u c tu r e  should ( l )  o f f e r  minimum r e s is ta n c e  to root 

p e n e tr a t io n , ( 2 ) perm it f r e e  in ta k e  and moderate r e te n t io n  o f  r a i n f a l l ,

(b) -nrovide an optimum s o i l - a i r  supply w ith  moderate gaseous exchange 

between s o i l  and atm osphere, (U) hold  to  a minimum the com petition  between  

a ir  and w ater fo r  occupancy o f pore space volum e, (5 ) provide a  maximum 

r e s is ta n c e  to  e r o s io n , (6 ) f a c i l i t a t e  the placem ent and coverage o f  green  

manures and o th er  organ ic  r e s id u e s , (?) promote m icrobial a c t i v i t y ,  and (8 ) 

n rovide s ta b le  tr a c t io n  fo r  farm inrnleraents. Thus accord in g  to  Yoder ( 61 ) ,  

th e requirem ents o f  a d e s ir a b le  s tru c tu re  are not o f  a s in g u la r  n a tu r e , hu* 

must meet " b io lo g ic , agronom ic, and en g in eer in g  o b je c t iv e s '1.

I f  s o i l  p o r o s ity  i s  r e la t e d  e i th e r  d ir e c t ly  or in d ir e c t ly  to  th ese
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e ig h t  c h a r a c t e r is t ic s  o f  an 1 dea'i gn ii s tr u c tu r e , i t  i s  e a s i l y  understood  

why s o i l  -p orosity  d e term ira tio n s  are o f  great, value* However, exp erien ce  

has shown th a t  t o t a l  yore space d eterm in ation s f a i l  to adeq u ately  charac­

t e r iz e  th e  p h y s ic a l s ta tu s  o f  s o i l s  in  regard to  p la n t growth responses*  

At the p resen t tim e, probab ly  the b e s t  known method and m o st.w id e ly  used 

method c h a r a c te r iz e s  the s o i l  as to  both  t o t a l  pore space and a i r  space* 

S everal tech n iq u es  have been d ev ised  fo r  such, d eterm in ation s ( 5 , 21 , £7 , 

3 6 ) ,  b u t th e one o f  Learner and Shaw (28) has been used most w id e ly  because  

i t  u t i l i z e s  a  sim ple apparatus which a llo w s  fo r  rapid determ ination  o f  a  

la r g e  number o f  samples*

B r a d fie ld  and Jam ison ( 5 ) have su g g ested  the term "non-capil larv"  

p o r e s , the p ores between th e  a g g regates which r e g u la te  d ra in age, nercol a -  

t io n ,  and a e r a t io n , N elson  and Baver (3 6 ) have su g g ested  that where only  

one te n s io n  i s  to  be u sed  to exp ress non—c a p i1la r y  p o r o s ity , the 1o g jca 1 

te n s io n  would be kO c en tim e te rs  o f  w ater, Baver and Farnsworth (2) shoved 

a  d ir e c t  r e la t io n  between pores drained a t t h is  ten s io n  and the y ie ld  

o f  sugar b e e t s .  These r e s u l t s  would seem to in d ic a te  th a t fo r  gen era1 

work, one p o in t on th e  no .re s i z e  d is tr ib u t io n  curve i s  s u f f i c ie n t  1° g iv e  

a good in d ic a t io n  o f  the s o i l ’ s p h y s ic a l s ta tu s  i f  th e  proper p oin t i s  

ch osen ,

Learner and Shaw (2.8) have s ta te d  th a t 11 in  th ose  reg io n s  where t i ' ir g .  

i s  n e c essa ry , te n s io n  (in. cen tim eters o f  w ater) eanal to  the depth, o f the  

t i  t e would seem to  be very  s a t is fa c to r y "  „ Therefore in  t h is  5.nvesH .gat 1 on 

a te n s io n  o f  90 cen tim eters  was u sed , which i s  the approxim ate depth o f  

th e s h a l1owes t t i 1e »
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D. Penetrom eter S tu d ies  o f  Hoot Beds

A s o i l  penetrom eter i s  an instrum ent which measures the r e s is ta n c e  

o ffe r e d  by a  s o i l  to  p e n e tr a t io n  by a  probe. I t  would seem th a t ren e -  

trom eters sh ou ld  have been w id e ly  used , b u t th ere  are sev era l reasons  

why t h is  has n o t been tr u e . The instrum en ts are fo r  the most part com­

p l ic a t e d  in  d e s ig n , ex p en sive  to  b u ild , and bulky and la b o r io u s  to  u se .  

A ls o , s o i l s  are  so h eterogen eous th at a  few records from a g iven  c lo t  

do not g iv e  a  tr u e  p ic tu r e .

Beview  o f  L ite ra tu r e  on Penetrom eter S tu d ie s . Several d esig n s have 

been p u b lish ed  ( l 4 ,  23* 39* ^9» 5 3 )*  Probably th e  most novel id e a  in

regard to  p e n e tr a t io n  s tu d ie s  i s  th at recorded  by Cuplin 0 4 )  when he 

u sed  a  0 ,4 5  c a l ib e r  r e v o lv e r  and measured th e  depth o f  p e n e tr a tio n  o f  

th e b u l l e t  a s  an index o f  s o i l  h ardn ess.

Many s o i l  c o n d it io n s  in f lu e n c e  penetrom eter r ec o r d s . Stone and 

W illiam s (92) and Reed (39) con sid ered  th a t  penetrom eter read in gs co u ld  he  

used  as in d ic e s  o f  p o r o s i ty .  McKibben and. Hull (35) have shown v ery  high  

c o r r e la t io n  c o e f f i c i e n t s  betw een s o i l  s t a b i l i t y  ( r e s is ta n c e  to com paction' 

and penetrom eter records* Shaw, R a ise , and Farnsworth (49) concluded th at  

s o i l  m oisture i s  th e dominant fa c to r  in f lu e n c in g  th ese  reco rd s . They a lso  

f e e l  th a t i t  i s  not p r a c t ic a l  to attem pt to c o r r e la te  penetrom eter records  

in  terms o f  s p e c i f i c  s o i l  p r o p e r t ie s . R ichards (f2 )  has shown how d i f f i ­

c u l t  i t  i s  to  sep arate  the e f f e c t  o f  r o o ts  and s o i l .  Many r e fer en ce s  c i t e  

in s ta n c e s  o f  d i f f i c u l t y  encountered in  in te r p r e t in g  penetrom eter reco rd s , 

th e  same r e fe r e n c e s  conclude th a t the penetrom eter fu r n ish e s  J u st one o f  

th e  many measurements th a t are n ecessa ry  to ev a lu a te  a  g iven  s o i l  c o n d it io n

c o r r e c t ly .



E . P e r c o la t io n  S tu d ies

The equipment u sed  f o r  th e  s tu d ie s  in c lu d ed  g la s s  tubes measuring 

1 3 f b  in ch es  in  diam eter by 8 in ch es lo n g  and screen s c o n ta in in g  64 one- 

s ix te e n th  in ch  round h o le s  per square in c h . These screen s  were suspended  

under one end o f  th e g la s s  tu b e s .

S o i l  was a ir  d r ied  and p assed  through a  4  mm scr e en . I t  was then- 

p a ssed  over a  1 mm s c r e e n . The s o i l  m a ter ia l which was r e ta in e d  on th e

1 mm screen  was u sed . One- hundred cc o f  s o i l  was p la c e d  in  the g la s s

tube on a  d i s c  o f  f i l t e r  paper which had been p la ced  over the scr e en . The 

s o i l  was soaked fo r  40 hours in  w ater and then th e  p e r c o la t io n  r a te  was 

determ ined by measuring th e  tim e req u ired  to  p e r c o la te  100 cc o f  w ater  

through th e  s o i l . A w ater head o f  two in ch es  was m aintained  during the

p e r c o la t io n  tim e . A paper d is c  was p la c e d  on top o f  th e s o i l  to  d ecrease

a g g regate  d e s tr u c t io n  w h ile  w ater was b e in g  poured onto the so n !.

A s e r ie s  o f  experim ents lea d in g  up to  th e  d escr ib ed  procedure were 

perform ed. The s o i l  sam ples were screen ed  to  a  uniform  s iz e  to  accen tu a te  

th e  d if fe r e n c e s  in  p e r c o la t io n  r a te  which occurred b e fo r e  scr e en in g .



IX. RESULTS OF PHYSICAL DETERMINATIONS

A. Dry Screen A n a ly s is  o f  Sugar B eet and Com Seed Beds

In p rep arin g  a seed  bed fo r  corn or b e e t s ,  care was taken to  have 

a s  n e a r ly  as p o s s ib le  th e  same typ e o f  seed  bed fo r  a l l  o f  th e  r o t a t io n s .  

The amount o f  work req u ired  to  f i t  a seed  bed has been th e  same fo r  a l l  

r o t a t io n s .  Seed bed p rep a ra tio n  has u s u a lly  in clu d ed  two workings w ith  

a double d is c  and one w ith a sp r in g  harrow fo llo w ed  by a  sp ik e  harrow. 

O c c a s io n a lly  some ex tra  work was n ecessa ry  on sm all areas but the  

lo c a t io n s  were n ot con fin ed  to  c e r ta in  r o t a t io n s .

Sugar B eet Seed Bed. The r e s u lt s  o f  th e dry screen  a n a ly se s  o f th e  

sugar b e e t  seed  beds are shown in  Table 6 . Crop r o ta t io n s  caused no 

d if fe r e n c e s  in  th e se  a n a ly se s .

Corn Seed B ed s . The r e s u l t s  o f the dry screen  a n a ly se s  o f th e c o m  

seed  beds are shown in  Table 7 . The data show th at the seed  bed in  the  

cash  crop r o ta t io n  (R ot. 6) was s ig n i f i c a n t ly  more cloddy than in  th e  

o th er  r o ta t io n s .  The p lo t s  where corn fo llo w e d  two y ea rs  o f  a lfs lfa -b r o m e  

hay (R ot. 1) con ta in ed  2 1 .4  p er  cen t more f in e  s o i l  m a ter ia l than d id  th e  

p lo t s  where corn fo llo w ed  wheat (R ot. 6 ) .  This would in d ic a te  th a t i t  

r eq u ir e s  more work to  f i t  a  s im ila r  seed  bed  in  a cash crop r o ta t io n  

than in  one which in c lu d ed  two years o f  a lfa lfa -b ro m e  hay.

The cu rren t id ea  ©f red ucing the number o f  t i l l a g e  o p era tio n s to  a 

minimum cou ld  be p r a c t ic e d  more e a s i ly  where a r o ta t io n  in c lu d ed  a good 

a l f  a l  fa^-b rome crop . This typ e o f r o ta t io n  makes i t  p o s s ib le  to  f i t  a
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comparable seed  "bed in  few er o p era tion s*

In n o ta t io n  4 , corn fo llo w ed  one year o f  a lfa lfa -b r o m e  hay. The so31 

in  t h i s  r o ta t io n  d id  not crumble as f i n e l y  a s  i t  d id  in  R ota tion  I .  The 

hay in  t h i s  r o ta t io n  has never con ta in ed  as much brome g ra ss  a s  has 

R o ta tio n  1 . T his i s  because th e 'brome' g r a ss  i s  slow  to  become e s ta b lis h e d  

and i t  i s  n o t u n t i l  th e  second year th a t i t  r ep resen ts  a  very  s ig n i f i c a n t  

p a r t o f  th e  hay m ixture. I t  i s  thought th a t th e  brome g ra ss  was respon­

s ib l e  fo r  th e  d if fe r e n c e  in  th e  c o n d it io n  o f  th e s o i l  in  th ese  two r o ta ­

t io n s .

D iffe r e n c e s  in  stan d  o f  c o m  p la n ts  on th ese  p lo t s  have not been  

n o t ic e d , so p o s s ib ly  th e d if fe r e n c e s  in  th e  seed  beds were minor in  regard  

to  seed  germ in ation  and grow th. Counts were made o n ly  in  194?. The 

numbers o f  p la n ts  were 958* 8 6 5 * 941, 989 , 958* and 8 4 l p er  1 ,0 8 0  f e e t  

o f  row in  R o ta tio n s 1 , 2 ,  4 , 5* 6* and r e s p e c t iv e ly .  These f ig u r e s  

in d ic a te  no r e la t io n s h ip  to  th e  d if fe r e n c e s  in  seed  beds as measured in  

1949 .

B . A ggregate  A n a ly s is  o f  Corn and Sugar B eet Root Beds

Com Root B eds. In 1946 , s o i l  sam ples were taken from th e corn p lo t*  

in  R o ta tio n s  1 and 6 . P re lim in ary  in v e s t ig a t io n s  in d ic a te d  a  g rea t and 

a m eaningful d if fe r e n c e  in  th e  r e s u lt s  o f  th e  aggregate  a n a ly ses  o f  

sajnples taken  from th e two r o ta t io n s .  The s o i l  from th e  l iv e s t o c k  system  

o f  farm ing co n ta in ed  g r e a te r  p ercen ta g es  o f  th e  la r g e  a ggregates and the  

ag g reg a tes  were more s t a b le ,  as i s  shown in  Table 8 ,



Table 8
The E ffe c t  o f  Systems o f  Farming Upon A ggregate

> A n a ly s is  o f  Corn Root Reds in  1946

P a r t ic le s  r e ta in e d  on each screen  ($) 
P a r t ic le  s i z e  d is t r ib u t io n  (mm)

R o ta tio n  Crop
Humber Sequence 10-4 2-1 1 - .5 •5- . 2 5 . 2 5 - .1 0 l e s s  .1

1 SB —B a —A—A— C 1 1 .4 9 .4 1 4 .0 2 1 .2 1 9 .2 13 .0

6 SB—Ba-B e-W—C 9 .3 7 .0 1 3 .7 25.1 23 .5 1 6 .7

 ̂ SB-sugar b e e t s  
B a -b a r ley
A - a l f a l f a  brome hay 
C-eorn  
B e-bean  
W—wheat

Table 9
The E ffe c t  o f  Systems o f  Farming upon A ggregate  

A n a ly s is  o f  Corn Root Beds in  1947

.. P a r t ic le s  r e ta in e d  on each screen  (f>) 
P a r t ic le  s i z e  d is tr ib u t io n  (mm)

R o ta tio n  Crop
ufiib er Sequence^* 10 -4 4 -2 2-1 1 - .5 .5 ” .25 . 2 5 - .1 0 l e s s  ,1

1 SB-B a-A—A—C 8 .0 6 .6 6 .7 1 4 .6 2 2 .5 2 2 .6 19 .0

2 Ba-A-A-SB-C 8 .1 6 .6 6 .6 1 3 .2 26 .1 2 0 .8 l8 .6

4 SB-Ba-0-A-C 1 5 .1 7 .7 5 5 .7 1 5 .4 2 0 .0 1 4 .8 21 .3

5 SB-Ba-0—Cl-G 1 0 .5 8 .9 6 .2 11 .2 2 2 .4 2 2 .0 j p 0,L 0 . < >

6 SB-Ba-Be-W-C 2 .6 4 .6 4 .8 9 .5 2 4 .2 3 1 .9

7 SB-Ba(gm)-Be 
-W- (gm)—C

8..6 5 .3 5 .4 1 1 .8 2 6 .0 2 4 .0 18 ,9

B lue g ra ss 3 6 .6 1 0 .4 8 .4 8 .9 1 1 .7 8 .1 15 .9

1 B a -b a r ley C l-c lo v e r tim othy hav
Be-bean W-wheat
A - a l f a l f a  brome hay gm-green manure
O-corn
SB-sugar b e e t  
O -oats



Table 10
The E ffe c t  o f  Systems o f  Farming Upon A ggregate 

A n a ly s is  o f  Corn Hoot Beds in  1949

Ho t  a. t io n Croo

P a r t ic le s  r e ta in ed  on each' screen  (f->) 
P a r t ic le  S ize  D is tr ib u t io n  (rmn)

Number Sequence 1 0 -4 4 -2 2 -1 1 - .5 .5 -*25 * ro '-A 1 -j O l e s s

1 SB—Ba-A—A-C 5 .4

00•CO 5*5 . 13*4 2 7 .0 2 7 .7 1?

2 Ba-A-A-SB-C 3 -9 4 .4 4 .9 12 .1 2 6 ,1 3 0 .4 I B

4 .. SB-Beu-O-A-C 5*4 2 .9 5*8 1 3 .2 2 7 .5 2 5 .8 I B

5 SB-Ba-O-Cl-O 7 .3 3*0 12 .3 2 6 .5 2 8 .4 3?

6 SB-Ba-Be-W-C 2 .1 2 .3 4 .1 11.6 2 8 .4 3 0 .4 21

7 SB-Ba- (gm )-Be- 1 .6
00*
ci 5*4 12 .9 2 8 .4 3 0 .2

W—(gm)-C

Table 11
The E ffe c t  o f  Systems o f  Farming upon Aggregate

A n a ly s is  o f  Sugar B eet Hoot Beds in ±947

P a r t ic le s  reta in ed  on each screen  (1 
P a r t ic le  S ize  D is tr ib u t io n  (mm)

>tation
irfner

Crop
Sequence-1* 1 0 -4 4 —2 2-1 •1r-i . 5 - . 2 5 . 2 5 - .1 0 le s s  *

1 Ba-A-A-C-SB 5*4 '8 .1 V/\ CO 1 0 .4 2 2 .9 2 4 .2 O”, n ' « t-

2 C—Ba— A—A— SB 1 0 .6 7 .9 5*7 9 .9 2 1 .1 2 2 .5 2 2 .S

3 Ba-A-A-Be-SB 5*0 7 .6 5*5 9 .6 2,2 .5 2 5 .4 2b . 4

4 Ba—0—A—C—SB 8 .1 7 .0 5*7 9 .8 1 9 .2 2 1 .9 t'TxhO #

5 Ba-O-Cl—C-SB 6 .9 7 .1 5*2 10 .6 21.1 24*3 24,'-:

s0 B a—B e—W—C—SB 6 ,3

CC•VC 5*7 9 .9 2 2 .8 2 5 .5 <-.J> .< ■

7 Ba— (giri) —B e-W— 
(gm)—C-SB

7 .4 1 0 .5 6 .0 10 .2 21,1 21 .7 2 3 4

Grass ,6 1 0 .4 8 .4 8 .9 -* 1 1 .7 8.1 ' » ■

Ba—b a r le y  
Be—bean
A—a l f a l f a  brome hay 
C-corn

O-oat s
C l-c ’J over t i  mo thy 1 >ay 
SB-sugar b e e ts  
gm -green manure



The 194? aggre jgate a n a ly s e s . o f  th e  s o i l  f r o m  t h e  corn p lo t s  (T able A 

in d ic a te  th a t one year o f  hay (Rot» 4  and 5) in  a r o ta t io n  r e su lte d  in  

more w ater s ta b le  a g g reg a tes  than d id  two years o f  hay, hut such was not 

th e ca se  in  3,949 (Table 3.0)* The data from a l l  th ree  years show th at  

th e s o i l  from th e  cash  crop r o ta tio n  was the le a s t  s ta b le  and was 

aggregated  to  a  l e s s e r  degree than was th e  s o i l  from any o f  th e o th er  

r o ta t io n s*

Sugar B eet Root B ed s» The aggregate  a n a ly ses  o f  the s o i l  from the  

sugar b e e t  p lo t s  (Table 11) show l i t t l e  d if fe r e n c e  in  aggregation  between  

R o ta tio n s  1 , 3» 4 , 5 * 6 , and 7 . In  R o ta tion  2  (b e e ts  a f t e r  a l f a l f a ) ,  the  

s o i l  was more s ta b le  and b e t t e r  aggregated  than th e s o i l  in  any o f  the  

oth er  r o ta t io n s*  This i s  in  agreement w ith  o b serv a tio n s  th at have been  

made by the b e e t  workers a t  b lo ck in g  and th in n in g  tim e and by Mr, Ferden  

a t  c u l t iv a t io n  tim e.

I f  th e  aggregate  a n a ly se s  o f  the corn and b e e t  s o i l s  are compared 

w ith  the a g g reg a te  a n a ly se s  o f  s o i l  under sod located , in  a l i t t l e  used  

lall ey way a d ja cen t to th e  p l o t s ,  the p o te n t ia l  v a lu e  o f  gra ss  a s  an 

a g g reg a tin g  agen t i s  f u l l y  r e a l iz e d . In sp ectio n  o f  th e  screen s during  

th e  tim e th e a n a ly se s  were made showed c le a r ly  th e  mechanical e f f e c t  o f  

the gra ss  r o o ts  in  b in d in g  some o f  th e  sm aller  a g g reg a tes  to g e th er  to  

form la r g e r  o n e s .

I t  i s  thought th a t th e  aggregate  a n a ly s is  o f  s o i l  samples taken a t  

th e  tim e th e se  were ob ta in ed  r e f l e c t  the in f lu e n c e  o f  th e  preced in g  crop . 

I f  t h i s  i s  th e  c a se , th e  g r ea t d if fe r e n c e  in  aggregation  o-r the s o i l  ob­

ta in ed  from th e  co m  and sugar b ee t p lo t s  in  R otation  6 might su g g est ro(.y 

corn has an a g g reg a tin g  e f f e c t  upon the soS1• The val 3 d it y  £Me id e a



i s  d o u o tfu l, "but the d if fe r e n c e  i s  so s t r ik in g  th a t fu r th e r  in v e s t ig a t io n  

a lon g  t h i s  l i n e  should be made.

C . T otal and N on-C ap illary  P o r o s ity  o f  

Corn and Sugar B eet Hoot Beds

Com Root B ed s. T otal p o r o s i t y  determ in ation s made on s o i l  sam ples 

c o l le c t e d  in  th e  e a r ly  p art o f  the growing season su g g ested  th at th ere  

was no d if fe r e n c e  caused by crop r o ta t io n s  (Table 12)*  The samples from  

th e  p lo t s  where corn fo llo w ed  wheat (R otation  6) con ta in ed  p a r t ic le s  o f  

straw  and th e r e fo r e , it. was thought th a t th e  straw  might s ig n i f i c a n t ly  

r a is e  the t o t a l  per cen t p o r o s ity . T h is , however, was not the case  but 

i t  i s  b e l ie v e d  th a t th e  p resen ce  o f  th e  straw  d id  m a te r ia lly  in f lu e n c e  

th e  r e s u l t s  o f  th e  d e term in a tio n s . The fragm ents o f straw  were s t i l l  

v i s i b l e  in  th e samples which were c o l le c te d  a t corn h a rv est tim e, but 

much o f  t h e ir  s tr u c tu r e  had been lo s t  so  th a t th ey  probably d id  not a f f e c t  

th e se  d eterm in ation s n e a r ly  so much as th ey  d id  e a r l i e r  in  the sea so n . 

D e sp ite  t h i s ,  a t h a rv est tim e th e s o i l  in  the cash crop p lo t s  con ta in ed  

the lo w e st per cen t pore sp a ce . The 1948 data are in  agreement w ith  

th ose  obtained, in  1947.

The r e s u l t s  o f  th e  n o n -c a p illa r y  pore space d eterm in ation s showed no 

d if fe r e n c e  in  th e  s o i l  under the d if f e r e n t  system s o f  farming in  194?. In 

3 948, a t h a rv est tim e, the s o i l  in  th e R otation  6 p lo t s  had th e lowest, 

n o n -c a n illa r y  pore sp a ce . The g r e a te s t  n o n -c a p illa r y  pore space occurred  

where corn was preceded by two years o f  a lfa lfa -b r o m e  hay, The e ffe c t , 

o f  a lfa lfa -b r o m e  sod in  a r o ta tio n  was e v id e n t , The legum inous green  

manure crop in  R otation  7 , which preceded the corn , s ig n i f i c a n t ly  in c r e a se
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th e  n o n -c a p il la r y  pore space but was n ot as e f f e c t iv e  as was the a l f a l f a -  

brome in  R o ta tio n s  1 , 2 , and h .

Sugar B eet Root B ed s. P o r o s ity  d eterm in ation s were made on the  

sugar b e e t  p lo t s  in  19^7 d e s p ite  the f a c t  th a t th e  b e e ts  were not har­

v e s t e d . The r e s u l t s  o f  th e  June 12 sam pling (Table 1 3 ) from r e p l ic a t io n  

number one showed a  d if fe r e n c e  in  to t a l  p o r o s ity .  However, th e  d i f f e r ­

ences were n ot c o n s is t e n t  w ith  p rev iou s crops so i t  i s  b e lie v e d  th a t the 

d if f e r e n c e s  rep resen t n a tu r a l s o i l  v a r ia t io n s  ra th er  than th e  e f f e c t s  o f  

crop r o ta t io n .  P o r o s ity  d eterm ination s were made a  sh o rt tim e a f t e r  the  

b e e ts  were rep la n ted  and the r e s u lt s  o f  th e se  d eterm in ation s in d ic a te  

no d if fe r e n c e s  caused by r o ta t io n s .  The r e s u lt s  o f  th e  September d e te r ­

m in ations show a s ig n i f i c a n t  d if fe r e n c e  in  t o t a l  p o r o s ity .  The p o r o s ity  

was h ig h e s t  on th e  p lo t  where sugar b e e ts  fo llo w ed  a lfa lfa -b r o m e  hay 

(R ot, 2 ) .  The d if fe r e n c e s  in  t o t a l  p o r o s ity  between the June 17 a-nd 

September 23 sam pling d a tes  in d ic a te  th a t  the t o t a l  p o r o s ity  on th ese  

p lo t s  d ecrea sed  as the growing season p ro g ressed . Such a d ecrease  d id  

not occur on th e  p lo t s  where sugar b e e ts  fo llo w ed  a lfa lfa -b ro m e  hay.

The 19^6 r e s u l t s  are in  agreement w ith  the 19^7 r e s u l t s .  More con­

f id e n c e  i s  p la ced  in  th e se  r e s u l t s  than in  the r e s u l t s  fo r  19^7 . because  

a much la r g e r  number o f  d eterm ination s were made. T his r e s u lte d  in  a  

b e t t e r  p ic tu r e  o f  the c o n d it io n s  which a c tu a l ly  e x is t e d .  The t o t a l  poro­

s i t y  was h ig h e s t  on th e p lo t s  where a lfa lfa -b r o m e  hay preceded th e  b e e t s ,  

and s ig n i f i c a n t ly  the lo w est where b e e ts  were grown in  a cash crop ro ta ­

t io n  which d id  n ot in c lu d e  a n itrogen -ad d in g  legum e.

The r e s u l t s  o f  the n o n -c a p illa r y  pore space d eterm in ation s are shown 

in  Table 13* P revious to  th e  f i r s t  c u lt iv a t io n  no d if fe r e n c e  in  non-capi"i
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pore space e x is t e d  in  th e  b e e t  soi.1s* The same phenomenom occurred, "be­

tween J u ly  and September as occurred fo r  th e  to ta l  p o r o s ity  d eterm in ation  

in  th a t a  s ig n i f i c a n t  d ecrea se  in  non—c a p il la r y  p o r o s ity  occurred In the  

s o i l  on every  r o ta t io n  ex cep t where a l f a l f a  preceded th e "beets.

The 1948 d a ta , g e n e r a lly  speaking, are in  agreement w ith  the 194? 

d a ta . The s o i l  on th e  R o ta tio n  6 (cash  crop) p lo t s  had the sm a lle s t  

amount o f  n o n -c a p illa r y  pore space and the s o i l  on th e  p lo t s  where b e e ts  

fo llo w e d  a.1 fa lfa -b ro m e co n ta in ed  th e  m^>st. Ho s ig n i f i c a n t  d if fe r e n c e s  

occu rred  in  th e  r e s u lt s  ob ta in ed  on th e  s o i l s  from R o ta tio n s  1 , 4 , 5» an& 

7* The s o i l  where b e e ts  fo llo w ed  beans conta in ed  more n o n -c a p illa r y  pore 

space than d id  th e  s o i l  where b e e ts  fo llo w e d  corn.

D. P h y sica l D eterm ination  on S o il  Below Plow Depth

S ev era l in v e s t ig a to r s  have in d ic a te d  th at in  order to  m aintain a 

d e s ir a b le  s u b s o il  s tr u c tu r e  deep ro o ted  legumes must be grown In a ro ta ­

t io n .  They th e o r is e  th a t th e deep ro o ted  crops produce ro o ts  which are  

capable o f  p e n e tr a tin g  the n a tu r a lly  more dense s u b s o i l .  The a c t io n  o f  

the r o o ts  i s  m an ifested  in  th ree  ways: 1 . A fter  th e r o o ts  d ie ,  v e r t ic a l  

ch an n els are l e f t  in  the s o i l ,  thus im proving drainage and a era tio n : 2 . 

The .roots and ro o t h a ir s ,  p h y s ic a lly  and ch em ica lly , a c t  as aggregatin g  

agen ts thus cau sin g  b e t t e r  s tr u c tu re ; 3 »' The deep p e n e tra tin g  r o o ts  add 

much needed organic m atter to the s u b s o i l ,  thus p o t e n t ia l ly  improving U s  

p h y s ic a l s t a t u s .

A ggregate a n a ly s is  (Table 14) and p o r o s ity  determ inations (Table 15) 

o f  s u b s o il  sam ples do not su b s ta n tia te  th ese  th e o r ie s .  However, i t  may 

n ot be c o r r e c t  to  attem pt to  ev a lu a te  th e  v a l id i t y  o f  th ese  th e o r ie s  on

th e  b a s is  o f  th e  ev id en ce presen ted  because th ese  ro t a t i  ons are on 1v



Table 14
The E ffe c t  o f  Systems o f  Barming upon A ggregate A nalyses

o f  S o il Belov; Plow Depth -  ? t o . 10 in ch es  in  194-7

Per Cent Com position  
R o ta tio n  Crop P a r t ic le  S ize  D is tr ib u t io n  (nun)
Number Sequence-*- l e s s

Corn P lo ts  __4 4 -2  2 -1  1 - .5  >5->25 .25->1 __ *1
1 SB-B%»A-A—C 5 .7  8 .3  1 0 .8  1 6 .9  2 2 .1  13*0 2 3 .2

6 SB-B a-B e-W-d? 5 .2  8 .0  1 0 .0  . 1 6 .4  2 2 .9  15-4- 2 2 .1

B eet P lo ts
2 C-Ba-A-A-SB 3 .4  7 -5  7 .8  1 4 .6  1 8 .6  2 1 .2  2 6 .9

6 Ba-Be-W-C—SB 2 .1  11 .3  8 .5  1 5 .5  1 5 .2  19.1  2 8 .3

SB-sugar b e e ts  
B a -b a r ley
A—a l f a l f a  brorae hay  
C-corn.
W-wheat
B e-beans



Table 15
The E ffe c t  o f  Systems o f  Farming Upon N on-C ap illary  and 

T o ta l P o r o s ity  o f  S o il  Below Plow D epth '7 to  10 Inches

o ta t io n  
umber

Crop
Sequences^

Sugar B eet P lo ts

U on-C apill ary  
P o r o s ity

8 -4 -4 7  6- 15-h a2

T otal 
Ppros1 

8 -4 -4 ? 1 26 -1 5 -4 8

1 Ba—A—A—C— SB 7 .0 9 .6 45 .3 4 2 .2

2 C —B a-A -A - SB 6 .9 1 0 .3 4 3 .8 4 1 .5

3 Ba—A—A—Be—SB 7 .0 8 .7 4 4 .5 4 2 .6

A Ba-O-A-C-SB 7 .0 8 .8 44 .5 4 3 .4

5 Ba-O-C-C-SB 6 .5 9 .3 44 .1 44.1

6 Ba-B e-W-C-SB 5 .8 1 0 .0 44 .1 4 3 .8

7i B a -(gm)-Be-W -(gm)-C-SB 6 .2 . 8 .1 4 h* 9 3 Q.2

S ig n if ic a n c e U .S . U .S . P .S . IT. 0 .

Corn P lo ts 7-.3 i_h .73 6-.21-ha** 7-31-473 1-21-484

1 SB-Ba-A-A-C 6 .6 6 .4 4 2 .4 4 6 ,4

2 Ba-A-A-SB-C 6 .6 6 .9 44 .5 45 .3

4 SB-Ba-O-A-C 8 .7 7 .3 4 4 .2 44 .0

5 SB-Ba-O-Cl^C 6 .8 6 .6 4 5 .8 43.1

6 SB-Ba-Be-W-C 5 .0 7 .6 4 3 .7 4 8 .6

7 SB -B a-(gm) -B e-W -(gm) - C 6 .6 6 .4 4 2 .9 44-. 2

S ig n i f i  cance U. S. U .S . U .S. 17. s .

^ Average o f  4 d eterm in a tio n s from each r e p l ic a t io n
Average o f  10 d eterm in ation s from r e p lic a t io n  1 and 2

 ̂ Average o f  25 d eterm in ation s from r e p lic a t io n  1 and 2
‘4  Average o f  10 d eterm in ation s from eac n r ep j. i cat n on
5 B a -b a r ley

A—a l f a l f a  brome hay 
C-corn
SB-sugar b e e ts

Be-beans 
0 1 -c 1o Ver t i  mo thy hay 
gm-green manure 
0 -o a ts



4 5 .

in  t h e ir  second c y c le .  The data  do in d ic a te  that i f  th e th e o r ie s  are  

v a l id ,  i t  i s  not p o s s ib le  to  improve s u b s o il  s tr u c tu r e  in  a few y e a r s .

The p r o c ess  must be in c lu d e d  in  a lon g  range p la n .

E. Penetrom eter S tu d ies

Plumb Type P enetrom eter. In view  o f  th e  o b serv a tio n s  th a t  had been  

made in  regard  to  s o i l  s tr u c tu r e , p re lim in a ry  in v e s t ig a t io n s  w ith  a  

s o i l  penetrom eter  were s ta r te d  in  1 9 w ith  an instrum ent d esign ed  by 

Stone and W illiam s (P la te  1 0 ) .  This instrum ent has an ir o n  plumb 

w eigh ing 1500 gms* which i s  dropped through a  hollow  tube from a  h e ig h t  

o f  ap p roxim ately  fou r f e e t .  The in ch es o f  s o i l  p en e tra ted  by th e  plumb 

i s  u sed  a s  an ind ex  o f  the p h y sica l s ta tu s  o f  the s o i l .  The instrum ent 

has one s e r io u s  handicap in  th a t on ly  th e  su rfa ce  s o i l  i s  co n sid ered .

This penetrom eter has one advantage in  th a t a  la rg e  number o f  records  

can be made from a g iv en  s o i l  area  v ery  r a p id ly . The d ata  in  Table 16 

in d ic a te  th a t t h is  i s  a b s o lu te ly  n e c e ssa r y . The d ata  shown in  t h is  ta b le  

were taken from fou r r e p l ic a t io n s  o f  th e  same treatm ents and in d ic a te  an 

average p e n e tr a tio n  in to  the s o i l  o f  5*$ in ch es by th e plumb. The data  

show a s ig n i f i c a n t  d if fe r e n c e  between r e p lic a t io n s  in  th e  experim ent as  

w el] a s  betw een h a lv es  o f  the same p lo t .  This ta b le  i s  in clu ded  to  

i l l u s t r a t e  some o f  th e problems encountered in  making p h ysica l, measurements 

o f  the s o i l  p a r t ic u la r ly  whex'e i t  i s  not p o s s ib le  to take com posite s o i l  

sam ples such as  the s o i l  chem ist d oes. The v a r ia t io n s  are undoubtedly  

due to  d if fe r e n c e s  th a t n a tu r a lly  occur in  th e  s o i l  and d if fe r e n c e s  caused  

by v a r io u s t i l l a g e  im plem ents.

The d ata  from the corn p lo t s  (Table 17 ) show th a t crop r o ta t io n s  d id



Table 16
A Sample o f  Penetrom eter Records Showing 

V a ria tio n  W ithin P lo t s  

(R o ta tio n  1— Sugar B eet P lo ts  5“3“46)

Inches o f  P e n e tr a tio n  bv Penetrom eter Plumb
Record
Number

R1
E W .

R2
E W

R-
E W

m
E V/

1 4 .5 4 .5 4 .8 5 .5 5 .0 4 .2 5 .0 3 .8

2 5 .0 4 .5 3 .8 5 .2 5 .5 5 .2 4 .5 5 .8

3 4 .8 4 .5 3 .5 6 .0 5 .5 4 .8 5 .5 6 .5

A 5 .2 4 .5 4 .5 6 .2 5 .2 6 .0  • 5 .0 7 .8

5 4 .8 4 .2

CO•-3~ 6 .2 5 .5 5*5 5 .0 6 .8

6 4 .5 4 .0 5 .0 4 .2 4 .2 5 .2 5 .0 4 .2

7 3 .3 6 .0 4 .5 6 .0
' 4 .5 5 .0 4 .2 5 .0

a 5 .2 5 .0 5 .2 5 .2 5 .2 4 .2 6 .8 5 .5

9 4 .5 7 .0 4 .2 5 .5 C °J 5*0 5 .0 6 ,2

10 5 .0 5 -5 4 .8 4 .8 4 .5 6 .6 7 .0 5 .0

Mean 4 .7 3 4 .8 5 4 .5 1 5 .00 5 .0 3 "5.11 5 .3 0 5 .4 8 5 .0 0

Range 1 .4 13 .o 1 .7 2 .0 1 .3 2 .6 2 .8 4 .0 4 .3

R— r e p l ic a t io n ;  E—e a s t  one—h a l f  o f  p lo t;' W— w est one—h a l f  o f  p io i .
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Spring Type P en etrom eter . By 1946, i t  was ev id en t th a t th e typ e o f  

p en etrom eter "being u sed  was n ot su p p ly in g  d ata  which in d ic a te d  anyth ing  

excep t th a t  th ere  were d if f e r e n c e s  in  th e  s o i l  in  th e  corn p lo t s .  

D iffe r e n c e s  in  s o i l  s tr u c tu r e  cou ld  he seen  th a t were g r e a te r  than th e  

record s in d ic a te d . In an e f f o r t  to  record  such d if f e r e n c e s ,  a new type  

o f  penetrom eter was d esig n ed  (4 4 ) . This in stru m en t, shown in  P la te  9 , 

makes p o s s ib le  an exam ination  o f  s o i l  com paction to  a depth o f  12 in c h e s .

The instrum en t was d es ig n ed  to  meet th e  fo llo w in g  requirem ents:

( l )  compact— so th a t i t  might he tra n sp o rted  in  an autom obile; (2) l i g h t -  

w eigh t— fo r  one man o p era tio n ; (3) ra p id  perform ance—-a la r g e  number o f  

read in gs in  a  sh o rt tim e; (40 v e r s a t i l e — u s e fu l  under many s o i l  c o n d it io n s ;  

(5) in e x p e n s iv e  to  c o n str u c t and m ain ta in ; (6) fu n c t io n a l— in d ic a te  s o i l  

c o n d it io n s  to  a  depth o f  12 in c h e s .

The cu rves shown in  F igure 1 prove th a t th e instrum ent i s  s e n s i t iv e  

and cap ab le  o f  m easuring d if fe r e n c e s  in  th e p h y s ic a l s ta tu s  o f  s o i l .  The 

d ata  from w hich th ese  cu rves were co n stru c ted  were from th e t i l l a g e  p lo t s  

on. the c o l le g e  farm a t corn  p la n tin g  t im e . The curves show c le a r ly  th a t

d if fe r e n c e s  in  s o i l  com paction occurred as a  r e s u l t  o f  th e  d if f e r e n t

t i l l a g e  m ethods, both  as to  com paction a t th e  su r fa ce  and a t  g r e a te r  d ep th s.

With such  extrem e v a r ia t io n s  in  th e  p h y s ic a l s ta tu s  o f  a s o i l  one 

wonders i f  v a r io u s  t i l l a g e  methods might mask th e  e f f e c t s  o f  system s o f  

farm ing to  such an e x te n t th a t  crop r o ta t io n s  cou ld  be con sid ered  o n ly  

o f  minor im portance.

Corn P l o t s . The 194-9 penetrom eter records from th ree  o f  th e  r o ta t io n s  

are shown in  F igure 2 . The s o i l  c o n d it io n s  on a l l  o f  th e  r o ta t io n s  p r o ­

duced th e  same typ e  o f  penetrom eter cu rve. The s o i l ,  to  a  depth o f  th ree
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in c h e s , was more compact than th e  s o i l  below  th a t d ep th , The o n ly  curve  

which in d ic a te d  a  s ig n i f i c a n t  d if fe r e n c e  betw een r o ta t io n s  was made on 

J u ly  2 0 , At th a t  tim e, the s o i l  where cash  cropping had been p r a c t ic e d ,  

o f fe r e d  more r e s is ta n c e  to  th e  probe than d id  th e  s o i l  on th e  R o ta tio n  2 

p l o t s .  In 1950 (F igure 3 ) i*1© su rfa ce  s o i l  in  R o ta tio n  6 to  a  depth o f  

ap p roxim ately  two in ch es  o f fe r e d  more r e s is ta n c e  to  a  probe than d id  th e  

su r fa c e  s o i l  in  any o f  th e  o th er  r o ta t io n s .  This d if fe r e n c e  d id  not mani­

f e s t  i t s e l f  u n t i l  l a t e  in  th e  growing season  as i s  shown in  (F igure 4 ) ,

Sugar B eet P l o t s , The s o i l  on th e  b e e t p lo t s  was s im ila r  to  th a t  

on th e  corn  p lo t s  in  th a t e a r ly  in  the growing sea so n , r o ta t io n s  d id  not 

in f lu e n c e  th e  type o f  curve drawn by th e  p en etrom eter. However, th e  

record s which were made in  October showed th a t th e  s o i l  where a l f a l f a  had 

preceded  b e e t s  (R ot, 2) o f fe r e d  much l e s s  r e s is ta n c e  than where corn had 

preceded th e  b e e t s  (R ot, 1 , 4 , 5* 7 ) .  This occurred both  in  1949 and

1950 (F ig u res  5 , 6 , 7 ) .

B a r ley  P l o t s , The d ata  from the b a r le y  p lo t s  (F ig u res  8 , 9) show 

th a t extrem e ca u tio n  shou ld  be u sed  in  in te r p r e t in g  penetrom eter r ec o r d s , 

The b a r le y  in  R ota tion  6 had no seed in g s and in  R o ta tio n  1 a lfa lfa -b r o m e  

was seeded  in  th e  b a r le y . The ra p id ly  growing seedlings in  R otation  1 

a p p a ren tly  reduced th e  su r fa ce  s o i l  m oisture in  t h i s  r o ta t io n  to  such an 

e x te n t  th a t th e d if fe r e n c e  between r o ta t io n s  was r e f le c t e d  in  the type o f  

-penetrom eter curves o b ta in ed . I t  req u ired  more p ressu re  to  fo r c e  th e  probe 

in to  the s o i l  on th e  p lo t s  which con ta in ed  a l f a l f a .  I t  may a ls o  have 

been  tru e  th a t the a l f a l f a  s e e d lin g  r o o ts  in crea sed  th e  p ressu re  which  

was req u ired  to  fo r c e  the probe in to  th e  s o i l .
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F. P e r c o la t io n  S tu d ies

P e r c o la t io n  s tu d ie s  were made during th e  w in ter  o f  1948-19^9 on s o i l  

w hich was to  he p la n ted  to  corn and to  sugar h e e ts  in  19^9.

The d a ta  (T able 18) r e v e a l th a t a  g r ea t d if fe r e n c e  e x is t e d  in  the  

p e r c o la t io n  r a te  o f  s o i l s  on th e  r o ta t io n  p l o t s .  The r e s u lt s  ob ta in ed  

on th e  s o i l s  taken from th e  sugar b e e t p lo t s  showed th a t where a l f a l f a -  

brome had been  grown th e l e a s t  tim e was req u ired  fo r  th e  w ater to  p erco­

la t e  through th e  s o i l .  The s o i l  from th e  c lo v er -t im o th y  and th e  green  

manure r o ta t io n  p lo t s  came next in  tim e requirem ent and th e  s o i l  from 

th e  non-legum e p lo t s  r e ta in e d  the w ater th e  lo n g e s t .  The same r e la t io n ­

sh ip  was ex p ressed  by th e  b e e t y ie ld s  in  th o se  yea rs  th a t the h ig h e s t  

y ie ld s  were o b ta in ed .

The d ata  fo r  corn show th e  same g en era l r e la t io n s h ip  in  th a t th e  

h ig h e s t  y ie ld s  and f a s t e s t  p e r c o la t io n  r a te s  were o b ta in ed  on the same 

s o i l .  The lo w est y ie ld  and p e r c o la t io n  r a te  occurred on the s o i l  from  

th e  cash  crop p lo t s .

The d ata  r ev e a l a  stro n g  r e la t io n s h ip  betw een p e r c o la t io n  r a te  and 

crop y i e l d s .  Further in v e s t ig a t io n s  in  t h is  d ir e c t io n  seem d e s ir a b le  

from the s ta n d p o in t o f  a  s in g le ,  sim ple and rapid t e s t  which measures 

s o i l  s tr u c tu r e . I t  i s  f e l t  th at t h is  procedure in d ir e c t ly  measures s o i l  

aggregate  s t a b i l i t y  to  w ater . This p o in t  i s  most im portant in  regard to  

th e  s tr u c tu r e  o f  su r fa ce  s o i l s  because i t  i s  p o s s ib le  to  f i t  a reason ab ly  

good seed  and ro^t bed with, con ven tion a l im plem ents. The su rfa ce  s o i l  

s tr u c tu r e  problem (c r u s t in g )  in v a r ia b ly  a r is e s  a f t e r  th e  crop has been  

r la n te d  and a f t e r  s e v e r a l r a in s  have occu rred .



Table 18
The E ffe c t  o f  Systems o f  Farming Upon P e r c o la t io n

H ates o f  S o i l s  to  be P la n ted  to  Sugar B e e ts  and

Corn in  19^9

Time in  seconds req u ired  to  c o l l e c t  lOOcc
R o ta tio n  Crop  ̂ —________ —________ o f  w ater _________
Humber_______ Sequence__________ Corn P lo ts-1-

1 Ba—A-A-C-SB 335 285

2 Ba-A-A-SB-C 360 290

3 Ba—A-A-B 0—SB 295

A Ba-O—A-C-SB 320 325

5 Ba—0 - Cl-C-SB A30 335

6 Ba—B e—W— C— SB 660 5140

7 Ba—(gm)-B e-W- 510 380
(gm)-C-SB

1
A verages o f  d eterm in ation s made from samples taken from r e p lic a t io n  

1 and 2 .
2

B a -b a r ley
A - a l f a l f a  brome hay  
C—corn
SB-sugar b e e ts  
Be—beans 
O -oats
C l-c lo v e r  tim othy hay 
W-wheat
gm—legum in ious green  manure m ixture



This h y p o th e s is  i s  i l l u s t r a t e d  in  P la te s  7 8 .  A v ir g in  s o i l

has no cru st on th e  su r fa c e  o f  th e  s o i l  . A c u lt iv a te d  s o i l  u s u a lly  

c r u s ts  durin g  th e  growing sea so n . I t  i s  thought th a t the th ick n ess  o f  

th e  c ru st i s  c lo s e ly  r e la t e d  to  th e  w ater s t a b i l i t y  o f  th e  s o i l  a g g r e g a te s .



X, DISCUSSION

The a b i l i t y  o f  th e  s o i l  to  produce crops i s  dependent not o n ly  on 

th e proper su p p ly  and b a la n ce  o f  n u tr ie n t s ,  but a ls o  upon such a ir  and 

w ater r e la t io n s  as w i l l  make p o s s ib le  th e  most e f f i c i e n t  use o f  a v a i l ­

a b le  n u tr ie n ts  by th e  p la n t s .  In t h i s  s tu d y , i t  was found th a t c o r n  and 

sugar b e e t  y ie ld s  were somewhat dependent upon the p rop ortion  o f  tim e  

du rin g th e  r o ta t io n  in  w hich the land  was devoted  to  th e  growth o f  n itro g en  

adding legu m es. Subsequently  i t  was found th a t d i f f e r e n t  r o ta t io n s  caused  

d if f e r e n t  s o i l  c o n d it io n s  to e x i s t  and th a t i t  was p o s s ib le  to  measure 

d if fe r e n c e s  in  s o i l  c o n d it io n s  by s e v e r a l proced u res. The r e la t io n s h ip  

o f  s o i l  c o n d it io n s  to  a v a i la b le  n itro g e n  supply and i t s  u lt im a te  e f f e c t  

on crop y ie ld s  i s  vague u n t i l  one rev iew s th e  work o f  Doiarenko (3 ) .

He found th a t n i t r a t e  form ation  in  th e  s o i l  v a r ied  d ir e c t ly  w ith  th e  per  

cen t n o n -c a p il la r y  p o r o s ity .  More s p e c i f i c a l l y ,  2 .7 ,  2 4 .5 ,  35*^ aad 3 8 .7  

per cen t n o n -c a p illa r y  p o r o s ity  r e s u lte d  in  th e  form ation  o f  9*0, 1 9 .1 ,  

3 4 .0 ,  and 4 5 .8  m illigram s r e s p e c t iv e ly  o f n itro g en  as n it r a t e  n itr o g e n .

O b serv a tio n s, made a f t e r  plowed p lo t s  had d r ied  and had been  

rew etted  showed th a t th e  v a r io u s  system s o f  farm ing in flu en ced  the  

s t a b i l i t y  o f  th e  s o i l  a g g r e g a te s . The a ll- c a s h -c r o p  r o ta t io n  caused  the  

s o i l  a g g reg a tes  to  be r e la t iv e l y  u n sta b le  whereas th e  in c lu s io n  o f  a 

legum inous green  manure in  a r o ta t io n  m a te r ia lly  in crea sed  aggregate  

s t a b i l i t y .  I t  i s  thought th a t a t  p low ing tim e th e  s t a b i l i t y  o f  th e  aggre­

g a te s  a t th e  su r fa ce  o f  the s o i l  i s  r e la te d  to  th e  n a tu ra l s iz e  o f  the  

a g g r e g a te s . In o th er  words, sm all a g g reg a tes  have a g r e a te r  su r fa ce





two s o i l  la y e r s .

No c o n s is t e n t  d if f e r e n c e s  were observed  in  th e  e f f e c t s  o f  one versu s  

two y ea rs  o f  a lfa lfa -b r o m e  hay upon crop y ie ld s  and s o i l  s tr u c tu r e . The 

te n  year  avera g es  in  corn y ie ld s  were w ith in  a  b u sh el o f  each o th er .

The 194-7 a g g reg a te  a n a ly se s  o f  th e  s o i l  on th e  corn p lo t s  showed th e  

most s t a b le  a g g reg a tes  to e x i s t  on th e  p lo t s  where corn fo llow ed  one 

y ea r  o f  a lfa lfa -b r o m e  h ay . T h is , however, d id  not occur again  in  1948 . 

During th a t y ea r  th e  p h y s ic a l d eterm in ation s f a i l e d  to  rev ea l a  d ifferen ce"  

in  th e r e s u l t s  ob ta in ed  where a lfa lfa -b r o m e  had been grown one as com­

pared to  two y e a r s . The d ata  ob ta ined  where cLover tim othy hay was grown 

were n o t u n lik e  th o se  o b ta in ed  on th e s o i l  which had produced a l f a l f a -  

brome h ay .

The te n  year averages o f  th e  co m  y ie ld s  where corn was preceded b y  

one y ea r  o f  a lfa lfa -b r o m e  hay and by one year' o f  c lo v er -t im o th y  hay 

c le a r ly  in d ic a te  the more d e s ir a b le  e f f e c t  o f  a lfa lfa -b ro m e  upon co m  

y i e l d s .

The cash  crop r o ta t io n  (Rot . 6 ) ,  which had no n itrogen  su p p ly in g  

legume crop , c o n s is t e n t ly  produced th e lo w est corn y i e ld s .  I t  was on th ese  

c l o t s  th a t th e  s o i l  was in  th e  l e a s t  d e s ir a b le  p h y s ic a l c o n d it io n .

The in c lu s io n  o f  green  manure crops in  a cash crop r o ta t io n  (R ot. 7 ) 

r e s u lte d  in  g r e a te r  y ie ld s  o f a l l  the crops in  th e  r o ta t io n . A ggregate  

a n a ly s e s , penetrom eter s t u d ie s ,  p o r o s ity  d e term in a tio n s , and p e r c o la t io n  

s tu d ie s  have a l l  in d ic a te d  th a t the s o i l s  where the legum inous green  

manure crops were grown were in  a b e t t e r  p h y s ic a l c o n d it io n  than were 

th o se  where th ey  were o m itted .

The r e s u l t s  o f  the s tu d ie s  on the sugar b ee t p lo t s  are in  agreem ent



w ith  th© r e s u l t s  o b ta in ed  from the corn p lo ts*  In R o ta tion  2 , sugar b e e ts  

fo llo w e d  two y ea rs  o f  a lfa lfa -b r o m e  hay. A ll  o f  the a n a ly se s  in d ic a te d  

th a t the s o i l  in  t h i s  r o ta t io n  had a more d e s ir a b le  p h y s ic a l c o n d it io n ,  

in  regard to  p o r o s ity  and a g g reg a tio n  than d id  any o f  the o th e r s . The 

y ie ld s  from t h is  r o ta t io n  however have not alw ays been the h ig h e s t .  

U ndoubtedlyj b la c k  ro o t d is e a s e  p a r t ia l ly  accou nts fo r  t h i s  because th e  

number o f  m arketable b e e t s  produced in  t h i s  system  o f  farm ing was lo w est  

in  s i x  out o f  th e  n in e  y ears record . Stand counts made during th e  growing 

season  su g g e st a  d ir e c t  r e la t io n s h ip  to  number o f  m arketable b e e t s .  No 

d if fe r e n c e  has ever  been  observed On th e  e f f e c t  o f  system s o f  farm ing  

upon number o f  d ise a se d  b e e t s .  However, i t  has been observed th a t where 

b e e ts  fo llo w e d  a l f a l f a ,  recovery  from t h is  d is e a se  was much slow er and not  

a s  com plete as where b e e ts  fo llo w ed  some o th er  crop .

A pparently  th ere  i s  some fa c to r  o th er  than b la c k  root which re ta rd s  

th e  growth o f  b e e ts  when th ey  are grown a f t e r  a lfa lfa -b r o m e  hay. S in ce  

th e  y ie ld s  were so v a r ia b le  from one year to  th e next i t  would seem th a t  

w eather c o n d it io n s  in f lu e n c e  th e r a p id ity  and e x ten t o f  th e decom position  

o f  the a lfa lfa -b r o m e  g ra ss  p la n ts .  F u rther in v e s t ig a t io n  on t h is  su b jec t  

i s  n e c e s s a r y .

At th e end o f  th e  growing season the s o i l  in  t h is  r o ta t io n  was in  a  

b e t t e r  o h y s ic a l  c o n d it io n  than the s o i l  in  any o f  th e o th e r .r o ta t io n s .  

R egard less o f  th e  b e t t e r  s o i l  c o n d it io n s  farm ers do not l ik e  to grow sugar  

b e e ts  a f t e r  a l f a l f a  becau se  th ey  have exp erien ced  the same v a r ia b le  y ie ld  

r e s u l t s  and u s u a lly  blame i t  on b la ck  r o o t .

The r e s u l t s  from the p h y s ic a l determ ination s on th e sugar b e e t s o i l s  

in  the o th er  r o ta t io n s  where legumes were in c lu d ed , f a i l e d  to in d ic a te



67.

r o t a t io n  d i f f e r e n c e s .  They w ere, however, d i f f e r e n t  from th e  r e s u l t s  ob­

ta in e d  on th e  s o i l s  in  th e  non-legum e r o ta t io n  (R ot. 6 ) .  The r e s u l t s  

o b ta in e d  from p h y s ic a l m easurem ents on R o ta tio n  6 s o i l s  were markedly 

d if f e r e n t  from th o se  o b ta in ed  on s o i l s  where legum es had been grown. A lso  

p lo t  y ie ld s  were alw ays low in  R o ta tio n  6 . This in d ic a te s  a  c o r r e la t io n  

betw een y ie ld s  and th e  s o i l s  p h y s ic a l c o n d it io n s . The r e s u l t s  o f  the  

d eterm in a tio n  made on th e  b a r le y  p lo t s  show th a t the sod crops were 

r e s p o n s ib le  fo r  th e  d if fe r e n c e s  in  the p h y s ic a l c h a r a c t e r is t ic  o f  the  

s o i l .  B a r ley  was the th ir d  crop a f t e r  th e  sod . By th a t tim e i t  was 

im p o ss ib le  to  d e te c t  s o i l  d if fe r e n c e s  by any o f  the p h y s ic a l m easurem ents.

I t  was found th at i t  i s  ex trem ely  d i f f i c u l t  to  measure th e  s tr u c tu r e  

o f  th e  s o i l  on epxerim ental p l o t s .  The area  where th ese  p lo t s  were 

lo c a te d  was s e le c t e d  because th e s o i l  was b e l ie v e d  to  b e uniform . I t  was 

found, how ever, th a t the s o i l  v a r ie d  g r e a t ly ,  even w ith in  v ery  sh ort d i s ­

t a n c e s . V a r ia b le s  in  th e  n a tu r a l p h y s ic a l com position  o f  the s o i l ,  d i f f e r ­

en ces  caused b y  th e  placem ent o f  t i l e  under th e  p lo t s ,  and the r e s u lt in g  

v a r ia t io n s  in  m oistu re c o n d it io n s  a t the tim e th e s o i l  was worked, s o i l  

com paction caused by t r a c t o r s ,  tru ck s, manure sp read ers, e t c , ,  and by  

v a r io u s  t i l l a g e  im plem ents, are a l l  fa c to r s  which c o n tr ib u te  to  th e  

h eterogen eou s s tr u c tu r e  e x is t in g  w ith in  the s o i l  body. In a d d it io n , th e  

s o i l  i s  a v ery  dynamic body in  th a t changes in  i t s  p h y s ic a l s ta tu s  are 

o ccu rr in g  a t a l l  t im es . I f  th e  changes alw ays occurred a t the same r a te  

and in  th e same d ir e c t io n , i t  would be much e a s ie r  to  d evelop  methods 

which r e l ia b ly  in d ic a te  th e s o i l s  p h y s ic a l s ta tu s .

B ecause v a r ia t io n s  in  s o i l  do e x is t  in  most f i e l d s ,  one sometimes



wonders about the v a l i d i t y  o f sam pling tech n iq u es where l e s s  than one ner 

cen t o f  th e  t o t a l  area  i s  u sed  fo r  th e  p h y s ic a l d e term in a tio n s , e s p e c ia l ly  

fo r  th o se  procedures which in v o lv e  th e s o i l  in  the undisturbed s t a l e .  A 

one per cen t s*-;uap.iing on th ese  p lo t s  woulo req u ire  907 penetrom eter  

record s or 100 core sam p les. These are unreasonable numbers to work w ith . 

I t  was found th a t the d ata  cou ld  he d u p lic a te d  much e a s ie r  in  the pro­

cedures which made use o f  com posited s o i l  samples than in  th ose procedures 

which u t i l i z e d  core sam p les.

S in ce  i t  was b e lie v e d  th a t com posited samples were e a s ie r  io c b ta in  

and would more n ea r ly  r e f l e c t  the average c o n d it io n s  w ith in  a p lo t ,  th e  

f i r s t  p r e r e q u is i t e  fo r  a  s u ita b le  •'quick te s t"  which would in d ic a te  th e  

p h y s ic a l s ta tu s  o f  a f i e l d  would u t i l i s e  com posited s o i l  sam ples. The 

second requirem ent fo r  t h i s  t e s t  would be th a t i t  measured the s t a b i l i t y  

o f  the s o i l  under w ater. The reason fo r  t h is  i s  based  on ob serv a tio n s  

which in d ic a te  th a t both d r iv in g  ra in  and stan d in g  w ater d estro y  th e  

■ aturally  occu rr in g  a g g r e g a te s . S everal id e a s  which in v o lv ed  screen in g  

or slump t e s t s  were t r ie d  b e fo re  a ttem p tin g  th e p e r c o la t io n  t e s t  which i s  

an a d a p ta tio n  o f  the o ld  procedure used  to  dem onstrate p e r co la t io n  r a t e s ,

A d if f e r e n t  in te r p r e ta t io n  however was p la ced  on the r e s u lt s  in  th at i t  

was f e l t  th a t th e t e s t  a c tu a l ly  measured th e s t a b i l i t y  o f  the aggregates  

to  w ater and th a t p e r c o la t io n  ra te  i s  reg u la ted  by th e  "ultim ate" s t a t e  

o f  th e s o i l  ^ a r t ic le s  a f t e r  th ey  have been su b jec ted  to  stand in g  w ater  

f o r  a  d e f in i t e  le n g th  o f  t in e .  The r e s u lt s  o f  t h is  t e s t  on s o i l  sam ples 

taken from the experim ental p lo t s  were in  agreement w ith  the r e s u l t s  o f  

a ccep ted  methods o f determ ining s o i l  s tr u c tu r e . However, fu r th er  in v e s t i ­

g a tio n  should be made b e fo r e  u s in g  i t  on s o i l s  from oth er lo c a t io n s .



The h ig h e s t  crop y ie ld s  were produced where a sod crop had been  

plowed under im m ediately  p rev io u s to  th e row crop .



XI. SUMMARY

Some e f f e c t s  o f  seven  system s o f farm ing upon sugar b ee t and corn 

y ie ld s  and on th e  p h y s ic a l s ta tu s  o f  s o i l s  were s tu d ie d .

The system s o f  farm ing caused no c o n s is t e n t  d if fe r e n c e  in  sugar 

b e e t  y ie ld s  from one year to  th e  n e x t . The y ie ld s  from some system s 

were fr e q u e n t ly  not as h ig h  as  th ey  might have been because o fte n  a  

low n itr o g e n  l e v e l  l im ite d  grow th. A ls o , b la ck  ro o t— a sugar b ee t  

d is e a s e — was p r e v a len t durin g  sev e r a l sea so n s . This d is e a se  seemed to  

m a n ifest i t s e l f  e q u a lly  in  th e seven system s o f  farm ing. However, where 

b e e ts  fo llo w e d  a lfa lfa -b r o m e  hay, recovery  from th e d is e a s e  d id  not 

appear to  occu r as r a p id ly  or to  th e  same degree as in  th e  other system s 

o f  farm ing.

Sugar b e e ts  a f t e r  beans r e su lte d  in  the h ig h es t  y ie ld s  fo r  th e  ten  

y ea r  p e r io d . The lo w est y ie ld s  occurred in  a  cash crop r o ta t io n  which 

d id  not in c lu d e  a  n itro g e n  supp lying legume crop .

P h y sica l a n a ly s is  o f  the sugar b e e t  seed  beds showed l i t t l e  or  no 

d if fe r e n c e  in  s o i l  c o n d it io n s . However, d if fe r e n c e s  in  the root bed  

developed la t e r  in  the sea so n . The cash  c r o p  r o ta t io n , which d id  not in ­

c lu d e a  n itro g en -a d d in g  legume cro p , was in  the p o o rest p h y s ic a l s ta te  

as was in d ic a te d  by a g gregate  a n a ly se s , t o t a l  and n o n -c a p illa r y  pore-space  

a n a lv s e s , penetrom eter reco rd s , and p e r c o la t io n  s tu d ie s .

The h ig h e s t  corn y ie ld s  occurred where com  was preceded by a  le g ­

uminous hay crop . One year o f  a lfa lfa -b ro m e  in  a crop r o ta t io n  had the  

same e f f e c t  on corn y ie ld s  as d id  two y ears o f  th is  hay in  th e r o ta t io n .



C lo v er-tim o th y  in  a  r o ta t io n  in s te a d  o f  a lfa lfa -b r o m e  r e s u lte d  in  ,10 

p er cen t sm a lle r  y i e ld s .  The p la c in g  o f  a  sugar b e e t crop between an 

a lfa lfa -b r o m e  hay crop and th e  corn crop a ls o  caused a  10 per cen t  

r ed u c tio n  in  corn  y i e l d s .

The lo w e st  corn y ie ld s  were ob ta in ed  in  a  cash  crop r o ta t io n  which  

d id  not in c lu d e  a  n itr o g e n  adding legum e.

Dry scr e en  a n a ly se s  o f  seed  beds in d ic a te d  th ere  was l i t t l e  d i f f e r ­

ence in  th e  p h y s ic a l s ta t t is  o f  th e s o i l  a t  p la n tin g  tim e .

The r e s u l t s  o f  th e  a g g reg a te  a n a ly se s  o f  th e  corn s o i l  showed th at 

th e  sod crop  in  the r o ta t io n  was r e sp o n s ib le  fo r  th e d if fe r e n c e s  in  t o t a l  

a s  w e ll a s  w ater s ta b le  a g g r e g a te s .

The system s o f  farm ing d id  not a f f e c t  th e s tr u c tu r e  o f  the s o i l  below  

plow depth s u f f i c i e n t l y  to  cause m easurable d if fe r e n c e s .

P o r o s ity  d e term in a tio n s , both  t o t a l  and non—c a p i l la r y ,  in d ic a te d  th a t  

system s o f  farm ing d id  a f f e c t  the s tr u c tu r e  o f  th e  s o i l .  The h ig h e s t  

p ercen ta g es  were ob ta in ed  on the p lo t s  where sod crops were in c lu d ed  in  

th e  r o t a t io n s .  The lo w est p o r o s i t ie s  were obtained  from th e cash  crop  

r o t a t io n s .

Penetrom eter records in d ic a te d  th a t v a r io u s system s o f  farm ing caused  

^■reat d if fe r e n c e s  in  th e s tr u c tu r e  o f  th e  s o i l  and th a t i t  was p o s s ib le  to  

measure th ese  d if fe r e n c e s  w ith  a  penetrom eter. A new type o f  reco rd in g  

nenetrom eter was developed as a  to o l  fo r  rap id  measurements and proved to  

b e s u c c e s s f u l .

A sim p le  rap id  s o i l  t e s t  which i s  b ased  on th e  s t a b i l i t y  o f  s o i l  

a g g reg a tes  to  w ater was d e v ise d .



P la te  1 .  The e ffec t ,  o f  crop r o ta t io n s  on s o i l  c o n d it io n s  i jane Pi a '  el y 
a f t e r  o l owing fo r  corn, 1 . Three year old a l f a l  fa—brone 
sod 2.  Sugar b e e t  ground Two y^ar o ld  a l f a  fa-brope
sod 5 , Two year olrl c l  over-tim oth y  sod 6 . Wheat «;xiofuid 
7 , Wheat and green manure ground *



P la te  2 . Crop sequence a f f e c t s  plow b e h a v io r . A 
narrower and sh a llo w er  furrow i s  cut a t  
plow in g tim e on th e p lo t s  in  th e  cash  
crop r o ta t io n , Wheat sttib b le  i s  plowed 
under fo r  corn in  t h i s  r o ta t io n .

P la te  3 . An i l l u s t r a t i o n  o f  the " d is t in c t  ribbons"  
which are formed when an a lfa lfa -b r o m e  sod 
i s  plow ed, and th e  " in d is t in c t  ribbons" o f  
the c lo v er -t im o th y  and the cash crop r o ta t io n s .  
Front to  .Rear -

R ot. 2 — 2 year a lfa lfa -b r o n e  hay
R ot. 5 — 1 year c lo v er -t im o th y  hay
R ot, A —  1 year a lfa ]fa -b ro m e  hay
R ot. 6 — Wheat stu b b le
R ot. 3 — 2 year a lfa lfa -b r o m e  hay
R ot. 7 — Wheat stu b b le  and green manure
R ot. 1 — 2 year a lfa lfa -b ro m e  hay



P la te  A. Manure spreader track s  where clover
tim othy sod had been plowed under fo r  
corn , Tracks have never been n o t ic e d  
where a lfa l fa -b r o m e  sod has been plowed 
under fo r  corn .



p la t e  5* The e f f e c t  o f  s o i l  c o n d it io n s  upon the  stan d in g  a b i l i t y
o f  co m  grown in  a l i v e s t o c k  system o f  farming (Rot. 5)
and in a cash crop system o f  farming (Rot. 6 ) .  Many
r o o ts  o f  the corn p la n ts  grown in  t h i s  r o ta t io n s  were 
r o t t in g  in  19^7 « The roots  o f  the corn p la n ts  grown 
on e i t h e r  s id e  o f  t h i s  p lo t  and in  a l i v e s t o c k  system  
o f  farming showed l i t t l e  ev idence o f  root decom position .



P la te  6 ,  The e f f e c t  o f  two crop r o ta t io n s  upon s o i l  c o n d it io n s  
a t th e  end o f  th e  growing season . The su rfa ce  s o i l  
in  r o ta t io n  5 (c lo v e r -tim o th y  r o ta t io n )  showed c le a r  
ev id en ce o f  th e  c lo d s  which had formed a t  th e time o f  
the l a s t  c u l t iv a t io n .  The s o i l  in  th e  cash crop  
r o ta t io n  gave l i t t l e  ev iden ce th a t th e  s o i l  had ever  
been c u l t iv a t e d .  In 19A?, th e  su r fa ce  o f  the s o i l  
in  t h is  r o ta t io n  had an appearance s im ila r  to  a 
r e c e n t ly  r o l le d  c la y  te n n is  co u r t.
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P l a t e  8 ,  A  - p o r t i o n  o f  a  s o i l  p r o f i  Le ( ?  "by 1 6  i n c h e s )  s h o w i n g  t h e  
s t r u c t u r e  o f  a  v i r g i n  s o i l .
0 t o  2  i n c h e s  -  g r a n u l e s  l e s s  t l i a n  1 . / 8  i n c h  d i a m e t e r .
2 t o  1  i n c h e s  -  g r a n u l e s  l e s s  t h a n  l / A  i n c h  d i a m e t e r .
3 t o  3 . 5  i n c h e s  -  d e n s e  g r a n u l  e s  w b i  d i  h a v e  a  tendency

t<"> s h o w  a  p i  a  t v  t y p e  o f  s t r u c t u r e .
3 * 5  t o  5  i n c h e s  -  g r a d u a t i o n  f r o m  t h e  a b o v e  t o  a  h i o c - V y

s t r u c t  n . r e »
5 to 16 in ch es  -  b locky s tr u c tu r e .

l'Tote -  no c ru s t  formation o n  the su r face  o f  tPe snj i 
(compare with P la te  7)



P l a t e  S o i l  p e n e t r o m e t e r  d e v e l o p e d  t o  m e a s u r e  r e l a t i v e
s o i l  c o n d i t i o n s *  A p r o b e  i s  s l o w l y  f o r c e d  i n t o  t h e  
s o i l  a n d  a  c u r v e  i s  d r a w n  w h i c h  i n d i c a t e s  t h e  p o u n d s  
o f  p r e s s u r e  I ' e q u i r e d  t o  f o r c e  t h e  p r o b e  t o  a g i v e r  
s o l i  d e p t h .
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