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Iinc*kg - - ronntl . - - . . 

13orrow areas arc2 created where soil is removed to provide needed fill 

material for highway and other construction projects. Where these areas 

are located beyond the highway right-of-way, they must be restored and 

returned to useful purposes. In Iowa, borrow areas are often developed 

on agricultural lands and therefore, it is necessary to return them to 

agricultural uses whenever possible. This research project was established 

to evaluate the changes in row crop productivity where borrow is removed 

for highway construction. Secondly, several reclamation techniques were 

selected to be applied to borrow area research sites and the response of 

crops to each treatment will be evaluated. 

Four type locations representative of a range of major soil materials 

in Iowa were designated for the study: 

1. Coarse textured (sandy) material 

(Buchanan County - NE 114, SE 114 sec. 24, T88N, R9W) 

2. Calcareous loess in western Iowa 

(Audubon County - NW 114, NE 114 sec 7., T79N, R35W) 

3. Late Wisconsin glacial till in north central Iowa 

(Hamilton County - SE 114, NE 114 sec 2, T88N, R26W) 

4. Weathered loess or glacial till in eastern or southern Iowa 

(Lee County - W 112, NE El4 sec 2, T67N, R6W) 

The four type locations are listed according to increasing clay content 

Clay content is an important factor in considering the usefulness and 

management sf a soil material for agricultural production. 

The following reclamation techniques were selected to be tested at the 

four type locations: 



1. Thickness  of r e s t o r e d  t o p s o i l  - 0, 6 ,  and 1 2  i n c h e s  

2 .  S u b s o i l  t i l l a g e  - none and 24  i n c h e s  deep 

3 .  Manure a p p l i c a t i o n  - none and PO t o n s  p e r  a c r e  

4 .  Crops - a l f a l f a  ( f i r s t  two y e a r s  o n l y ) ,  co rn  and soybeails 

5. T i l e  d r a i n a g e  ( a t  t h e  Hamilton County s i t e  o n l y )  - 1 t o  4 f e e t  

deep.  

Of t h e  t r e a t m e n t s  s e l e c t e d ,  t h e  d e p t h  of  t o p s o i l  r e s t o r e d  i s  p robab ly  

t h e  most impor tan t  f a c t o r  i n  r e c l a i m i n g  t h e  borrow a r e a .  I t  i s  a l s o  t h e  

most expens ive  t r e a t m e n t  because  i t  must b e  removed and s t o c k p i l e d  b e f o r e  

borrowing and t h e n  r e t r i e v e d  and s p r e a d  a f t e r  borrowing i s  completed.  

These o p e r a t i o n s  have c o s t  as much as $3000 p e r  a c r e  t o  remove and r e s t o r e  one 

f o o t  of t o p s o i L  Th is  c o s t  can be  expec ted  t o  i n c r e a s e  i n  t h e  f u t u r e .  

S u b s o i l  t i l l a g e  was s e l e c t e d  a s  a  means t o  loosen  compacted o r  dense  

s u b s o i l  h o r i z o n s .  Th i s  t r e a t m e n t  i s  u s u a l l y  c a r r i e d  o u t  b e f o r e  t o p s o i l  

i s  r e p l a c e d .  On s l o p i n g  l a n d ,  i t  p r o v i d e s  a n  e x c e l l e n t  s c a r i f i c a t i o n  

t r e a t m e n t  which p r e v e n t s  mass movement of  r e s t o r e d  t o p s o i l .  The c o s t  of  

t h i s  t r e a t m e n t  i s  s l i g h t  a ~ d  depends on t h e  s i z e  t r a c t o r  used t o  u n d e r t a k e  

t h e  o p e r a t i o n .  Where l a r g e  c r a w l e r s  a r e  used ,  c o s t s  mzy b e  s e v e r a l  hundred 

d o l l a r s  p e r  a c r e .  

Manure a p p l i c a t i o n  i s  p robab ly  t h e  o l d e s t  known t r e a t m e n t  used t o  

improve s o i l .  T t  adds  e s s e n t i a l  p l a n t  n u t r i e n t s  and  o r g a n i c  m a t t e r  which 

,Ire b e n e f i c i a l  t o  t h e  s o i l .  However, f i n d i n g  manure i n  Towa i s  no t  a lways  

easy  a s  f a rmers  a r e  d e c r e a s i n g  t h e i r  l i v e s t o c k  h e r d s  o r  u t i l i z i n g  l i q u i d  

manure sys tems.  The o r g a n i c  m a t t e r  c o n t e n t  of  manures from l i q u i d  sys tems  

is g r e a t l y  d iminished because  l i t t l e  o r  no bedding i s  used .  I n  a d d i t i o n ,  



t h e  c o s t  of t r a n s p o r t i n g  manure t o  a borrow a r e a  s i t e  can b e  l a r g e  because  

of t h e  mass involved and s p e c i a l i z e d  equipment needed. 

Row crops  c o n s i s t i n g  of c o r n  and soybeans were s e l e c t e d  t o  b e  grown 

i n  r o t a t i o n  f o r  t h i s  s t u d y .  These a r e  t h e  primary cash  c r o p s  of Iowa and 

i t  i s  l o g i c a l  t h a t  a p r o d u c t i v i t y  s t u d y  shou ld  be  concerned w i t h  them. 

A l f a l f a  was s e l e c t e d  t o  be grown f o r  t h e  f i r s t  two y e a r s  a f t e r  a borrow 

a r e a  was r e s t o r e d .  Th is  amounted t o  a p re - t rea tment  which a l lowed a 

comparison of row c rop  p r o d u c t i o n  t h a t  was n o t  preceded by a l f a l f a  growth. 

A l f a l f a  i s  a v e r y  impor tan t  legume t h a t  h a s  s o i l  b u i l d i n g  c a p a b i l i t i e s  

such a s  i n c r e a s i n g  s o i l  n i t r o g e n  and o r g a n i c  m a t t e r  w h i l e  p r o t e c t i n g  t h e  

s o i l  from e r o s i o n .  Besides  t h o s e  c a p a b i l i t i e s ,  a l f a l f a  can p r o v i d e  a hay 

crop which i s  r e l a t i v e l y  inexpens ive  t o  produce compared t o  row c r o p s .  

Drainage i s  t h e  l a s t  f a c t o r  cons idered  f o r  borrow a r e a  t r e a t m e n t .  Both 

s u r f a c e  and s u b s u r f a c e  d r a i n a g e  o r  a combinat ion of b o t h  shou ld  be cons idered .  

I n  t h i s  exper iment ,  a l l  borrow a r e a  r e s e a r c h  sites were t o  be  graded t o  

i n s u r e  removal of e x c e s s  s u r f a c e  wa te r  by s u r f a c e  d r a i n a g e .  T i l e  d r a i n s  

were t o  be  i n s t a l l e d  a t  one r e s e a r c h  s i t e  t o  de te rmine  i f  t h e r e  would be a n  

advantage from s u b s u r f a c e  d r a i n a g e .  

Changes i n  p r o d u c t i v i t y  and responses  t o  r e c l a m a t i o n  t e c h n i q u e s  r e q u i r e d  

a comparison w i t h  a s e l e c t e d  b a s e l i n e  of p r o d u c t i v i t y .  Th i s  was accomplished 

by u t i l i z i n g  y e a r l y  and 5-year county p r o d u c t i o n  v a l u e s  where t h e  r e s p e c t i v e  

borrow a r e a  r e s e a r c h  s i t e s  were  l o c a t e d .  Th is  i n f o r m a t i o n  i s  compiled by 

t h e  Iowa Crop and L i v e s t o c k  Repor t ing  S e r v i c e  (Iowa Department of A g r i c u l t u r e  

and Economic and S t a t i s t i c s  S e r v i c e  - USDA). 



P r o g r e s s  

A l l  borrow a r e a  r e s e a r c h  s i t e s  were s e l e c t e d  i n  1977 from Iowa Depart-, 

rnent of T r a n s p o r t a t i o n  c o n s t r u c t i o n  p l a n s .  The Audubon and Buchanan County 

s i t e s  were completed i n  t h e  f a l l  of 1977 and May 1978,  r e s p e c t i v e l y .  

Both were used f o r  r e s e a r c h  i n  1978, 1979, and 1980. The two remaining 

s i t e s  i n  Hamilton and Lee Count ies  were completed i n  t h e  f a l l  of 1978 and 

r e s e a r c h  was conducted a t  t h e s e  s i t e s  i n  1979, 1980, and 1981. 

I n  t h i s  r e p o r t ,  t h e  1981 r e s u l e s  from t h e  Hamilton and Lee County 

borrow s i t e s  w i l l  be p r e s e n t e d .  Secondly,  a summary of t h e  t h r e e  y e a r s  

of r e s e a r c h  from each borrow a r e a  w i l l  b e  p r e s e n t e d  a l o n g  w i t h  s p e c i f i c  

and g e n e r a l  c o n c l u s i o n s  from t h e  r e s e a r c h  p r o j e c t .  



1981 R e s u l t s  -- 

L a t e  Wisconsin G l a c i a l  P i l l  - 
Hamtl t o n  County 

The Hamilton County s i t e  was l o c a t e d  on t h e  southwest  edge of Webster 

C i t y .  The s u b s o i l  exposed i n  t h e  borrow a r e a  is  a c a l c a r e o u s ,  unweathered, 

and unoxidized ( b l u e )  g l a c i a l  t i l l  of Cary age  (depos i t ed  approximately  

14,000 y e a r s  ago) .  Three  y e a r s  of c rop  p roduc t ion  r e s e a r c h  have been com- 

p l e t e d  a t  t h e  s i t e .  A d d i t i o n a l  r e s e a r c h  i s  be ing  under taken t o  s t u d y  

soybean response  t o  t o p s o i l  dep th  and s u b s o i l  c h a r a c t e r i s t i c s .  Th i s  l a t t e r  

r e s e a r c h  is  funded by t h e  Iowa Soybean Promotion Board. 

P r e p a r a t i o n s  f o r  t h e  1981 c rop  season  were begun i n  t h e  f a l l  of 1980. 

A l f a l f a  p l o t s  were sprayed w i t h  2,4-D h e r b i c i d e  a t  a r a t e  of two p i n t s  p e r  

a c r e  i n  20 g a l l o n s  of w a t e r .  A f t e r  t h e  c o r n  and soybeans were  h a r v e s t e d ,  

a l l  p l o t s  were c h i s e l  plowed i n  November. I n  t h e  s p r i n g  of 1981, s o i l  

samples f o r  pH and p l a n t  a v a i l a b l e  phosphorus and potass ium were o b t a i n e d  

from a l l  d e p t h s  of t o p s o i l  p l o t s .  Sampling was done i n  6-inch inc rements  

t o  a dep th  o f  24 i n c h e s .  The 18-24 i n c h  increment  was d r y  a t  t h e  t ime of 

sampling.  Because of t h e  d r y  c o n d i t i o n s  o f  t h e  s o i l ,  a d e c i s i o n  was made 

t o  p l a n t  b o t h  c o r n  and soybeans a f t e r  a d e q u a t e  m o i s t u r e  had wet ted  t h e  

s o i l  p r o f i l e  t o  a t  l e a s t  t h e  two f o o t  dep th .  Th is  would r e q u i r e  about  t h r e e  

inches  of r a i n  d u r i n g  May. 

A second a p p l i c a t i o n  of 2,4-D h e r b i c i d e  was a p p l i e d  on A p r i l  24 t o  a l l  

r e s e a r c h  p l o t s  t o  d e s t r o y  s u r v i v i n g  a l f a l f a  p l a n t s  and emerging b road lea f  

weeds. The r e s e a r c h  p l o t s  were d i s k e d  t w i c e  on June  2 and a n  e x c e l l e n t  

seedbed r e s u l t e d .  Corn and soybeans were p l a n t e d  i n  30-inch wide rows on 

June 3 .  0 ' s  Gold 6880 hybr id  seed  c o r n  was p l a n t e d  a t  20,900 s e e d s  p e r  a c r e  



and c e r t i f i e d  Corsoy soybean seed  was p l a n t e d  a t  one b u s h e l  p e r  a c r e .  

Phosphorus and po tass ium f e r t i l i z e r  a s  0-26-25 l i q u i d  was a p p l i e d  w i t h  t h e  

p l a n t e r  i n  a  band 4 i n c h e s  from t h e  corn  o r  soybean seed  row. Three  r a t e s  

of f e r t i l i z e r  were used:  ( 1 )  0 ,  (2)  40 I b  P205 and 39 l b  K20, and ( 3 )  

80 l b  P205 and 78 l b  K20 p e r  a c r e .  These r a t e s  were a p p l i e d  w i t h i n  

e x i s t i n g  p l o t s .  Ni t rogen  f e r t i l i z e r  as 28-0-0 l i q u i d  was b r o a d c a s t  a p p l i e d  

w i t h  a n  a g r i c u l t u r a l  s p r a y e r  a t  a  r a t e  of 200 I3 N p e r  a c r e  t o  a l l  co rn  

p l o t s  excep t  t h e  t i l e  d ra inage-con t inuous  corn  p l o t s  which r e c e i v e d  300 I b  

N p e r  a c r e .  

P e s t i c i d e s  were a p p l i e d  t o  a l l  p l o t s .  Corn p e s t i c i d e s  c o n s i s t e d  of 

Bladex and Lasso h e r b i c i d e s  a t  2 and 3 q u a r t s  pe r  a c r e ,  r e s p e c t i v e l y ,  and Lorsban 

i n s e c t i c i d e  a t  3  p i n t s  p e r  a c r e .  These p e s t i c i d e s  were a p p l i e d  w i t h  t h e  

n i t r o g e n  f e r t i l i z e r  s o l u t i o n .  Soybean p e s t i c i d e s  c o n s i s t e d  of  Amiben and 

Lasso h e r b i c i d e s  a t  4 and 3 q u a r t s  pe r  a c r e ,  r e s p e c t i v e l y ,  and Lorsban i n s e c t i c i d e  

a t  3 p i n t s  p e r  a c r e  a p p l i e d  w i t h  50 g a l l o n s  of wa te r  p e r  a c r e .  Tlie t h r e a t  

of  cutworm a c t i v i t y  t o  t h e s e  l a t e  p l a n t e d  c r o p s  r e q u i r e d  t h e  a p p l i c a t i o n  

of an  i n s e c t i c i d e .  

C l i m a t o l o g i c a l  d a t a  f o r  t h e  Hamilton County r e s e a r c h  s i t e  i s  g i v e n  i n  

Tab le  1. A p r i l  and May were d r i e r  t h a n  normal a l t h o u g h  r a i n  i n  May was 

adequa te  f o r  seed  ge rmina t ion .  The r a i n s  i n  June  were one i n c h  above 

normal b u t  d i d  n o t  p r o v i d e  a r e s e r v e  t o  b e  c a r r i e d  i n t o  J u l y .  Drought 

s t r e s s  became e v i d e n t  i n  e a r l y  J u l y  on t h e  p l o t s  r e c e i v i n g  no t o p s o i i  and 

by J u l y  1 5 ,  was e v i d e n t  on a l l  p l o t s .  F o r t u n a t e l y ,  c o r n  p o l l i n a t i o n  d i d  

n o t  occur  u n t i l  the second week of August when t h e r e  w a s  adequa te  m o i s t u r e  

and c o o l e r  t e m p e r a t u r e s .  A f t e r  p o l l i n a t i o n ,  t h e  remainder  of  t h e  growing 





season  was w e t t e r  t h a n  normal. 

Corn and soybean y i e l d s  were o b t a i n e d  by h a r v e s t i n g  20 f e e t  each of 

thq  two i n t e r i o r  rows of t h e  foilr-row p l o t s .  Corn was hand picked i n  t h e  

h a r v e s t  a r e a ,  c o l l e c t e d  i n  b u r l a p  s a c k s ,  weighed and sampled f o r  m o i s t u r e  

contene.  The number of p l a n t s  and e a r s  i n  each p h s c h a r v e s t  a r e a  were a l s o  

coclnted. Y i e l d s  were c a l c u l a t e d  on t h e  b a s i s  of t h e  a r e a  h a r v e s t e d ,  ad- 

j u s t e d  t o  15 .5  p e r c e n t  m o i s t u r e  and r e p o r t e d  a s  b u s h e l s  p e r  a c r e .  Before  

t h e  soybenrl p l o t s  were h a r v e s t e d ,  a  count of p l a n t  d e n s i t y  was o b t a i n e d .  

Th ls  was accomplished by coun t ing  t h e  number of p l a n t s  b e a r i n g  pods i n  3- 

f o o t  i n c r e m e n . t s ~ & ~ f o u r  l o c a t i o n s  i n  t h e  h a r v e s t  a r e a  of each p l o t .  These - 

counts  were  t h e n  used t o  de te rmine  an  average  number of p l a n t s  p e r  f o o t  

of row. Harves t ing  was c a r r i e d  o u t  by c u t t i n g  t h e  p l a n t s  s l i g h t l y  above 

t h e  ground s u r f a c e  w i t h  a c i r c u l a r  b laded mower. The samples were c o l l e c t e d  

and c a r r i e d  t o  a  s t a t i o n a r y  t h r e s h e r  where seed  was s e p a r a t e d ,  c o l l e c t e d  

and sacked.  Each sample was weighed and y i e l d s  were c a l c u l a t e d  on t h e  

- b a s i s  of t h e  a r e a  h a r v e s t e d  and r e p o r t e d  a s  b u s h e l s  p e r  a c r e .  

Corn y i e l d  d a t a  from t h e  corn-soybean r o t a t i o n  p l o t s  and f i r s t - y e a r  

corn  fo l lowing  a l f a l f a  i s  summarized by t rea tment  i n  Tab le  2 .  The y i e l d s  

of i n d i v i d u a l  p l o t s  are g iven  i n  t h e  Appendix. S t a t i s t i c a l  a n a l y s e s  were 

conducted on t h e s e  d a t a  u s i n g  Iowa S t a t e  U n i v e r s i t y ' s  Computation Center  

f a c i l i t y .  A d i s c u s s i o n  of t h e  s t a t i s t i c a l  p rocedures  i s  a l s o  p r e s e n t e d  i n  

t h e  Appendix. There  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d  due t o  

a l f a l f a  t r e a t m e n t ,  s u b s o i l  t i l l a g e ,  manure a p p l i c a t i o n ,  and phosphorus 

re r t i -1 . i za t ion .  An a n a l y s i s  of v a r i a n c e  i n d i c a t e d  t h a t  t o p s o i l  deptl l  had 

a  h i g h l y  s i g n i f i c a n t  e f f e c t  on corn  y i e l d .  Tab le  3 p r e s e n t s  a  summary of 
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Table 3 ,  Corn y i e l d  response t o  t o p s o i l  depth,  Hamilton County - 1981. 

Topsoil  depth Yield- I/ 

inches 

0 

6  

12  

Bushels per  a c r e  

105.7 a 

183.5 ab 

126.5 b 

L'Dif f e r e n t  l e t t e r s  i n d i c a t e  s i g n i f i c a n t l y  d i f f e r e n t  y i e l d s .  



corn y i e l d  response  t o  t o p s o i l  dep th  and t h e  means a r e  s e p a r a t e d  u s i n g  a 

Leas t  S i g n i f i c a n t  D i f f e r e n c e s  T e s t  (LSD). Th is  a d d i t i o n a l  t e s t  i n d i c a t e d  

t h a t  t h e  y i e l d s  measured a t  t h e  0 and 12-inch t o p s o i l  d e p t h s  were d i f f e r e n t  

due t o  t h e  dep th  of t o p s o i l  replacement .  Y i e l d s  a t  t h e  i n t e r m e d i a t e  dep th  

of t o p s o i l  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  0 o r  12-inch d e p t h s .  

Soybean y i e l d  and p l a n t  d e n s i t y  d a t a  from t h e  corn-soybean r o t a t i o n  

p l o t s  and f i r s t - y e a r  soybeans fo l lowing  a l f a l f a  a r e  summarized by t r e a t m e n t  

i n  Tab les  4 and 5 ,  r e s p e c t i v e l y .  The y i e l d s  of i n d i v i d u a l  p l o t s  a r e  g i v e n  

i n  t h e  Appendix. S t a t i s t i c a l  a n a l y s e s  were computed on t h e s e  d a t a .  (See 

t h e  d i s c u s s i o n  concerning s t a t i s t i c s  i n  t h e  Appendix.)  There  were no s i g n i -  

f i c a n t  d i f f e r e n c e s  i n  y i e l d  o r  p l a n t  d e n s i t y  due t o  s u b s o i l  t i l l a g e ,  manure 

a p p l i c a t i o n ,  o r  phosphorus f e r t i l i z a t i o n .  The dep th  of t o p s o i l  and two y e a r s  

of p rev ious  a l f a l f a  growth had h i g h l y  s i g n i f i c a n t  e f f e c t s  on y i e l d ,  b u t  o n l y  

t o p s o i l  dep th  a f f e c t e d  p l a n t  d e n s i t y .  Tab le  6 p r e s e n t s  a summary of soybean 

y i e l d  and p l a n t  d e n s i t y  response  t o  t o p s o i l  dep th  and a l f a l f a  t r e a t m e n t .  

(F igure  1 g r a p h i c a l l y  p r e s e n t s  t h e  same i n f o r m a t i o n ) .  LSD" were ca lcu-  

l a t e d  t o  determine i f  mean responses  t o  t r e a t m e n t s  were s t a t i s t i c a l l y  

d i f f e r e n t .  These computat ions  showed t h a t  y i e l d  and p l a n t  d e n s i t y  were 

s i g n i f i c a n t l y  g r e a t e r  where 6 i n c h e s  of t o p s o i l  was r e s t o r e d  t o  t h e  borrow 

a r e a  b u t  t h a t  t h e  d i f f e r e n c e  between 6 and 12 i n c h e s  of t o p s o i l  were n o t .  

A l f a l f a  t r e a t m e n t ,  however, had a  s i g n i f i c a n t  e f f e c t  on y i e l d  b u t  n o t  on 

p l a n t  d e n s i t y  even though t h e  d a t a  shows a  s t r o n g  t r e n d  toward i n c r e a s i n g  

p l a n t  d e n s i t y  a f t e r  a l f a l f a  t r e a t m e n t .  

A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  r e s p o n s e s  t o  r e s t o r e d  t o p s o i l  and a l f a l f a  

t r ea tment  l a y  i n  t h e  o c c u r r e n c e  of Phytophthora  r o o t  r o t  i n f e c t i o n .  Th is  
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d i s e a s e  was diagnosed t o  be  s e v e r e  i n  s u b s o i l  p l o t s  where soybeans  had 

grown two y e a r s  be fore .  The a d d i t i o n  o f  t o p s o i l  d iminished 

t h e  o c c u r r e n c e  of t h e  d i s e a s e  and a l f a l f a  t r e a t m e n t  seemed b e n e f i c i a l  

t o o .  The e f f e c t  of a l f a l f a  may b e  i n  i t s  a b i l i t y  t o  improve t h e  i n t e r n a l  

d r a i n a g e  of t h e  s u b s o i l  by t h e  development of i t s  t ap- roo ted  growth h a b i t .  

The o l d  r o o t  channe l s  i n  t h e  s o i l  w i l l  c a r r y  away e x c e s s i v e  w a t e r  which 

would o t h e r w i s e  p r o v i d e  a n  i d e a l  growth medium f o r  t h e  Phy toph thora  f u n g i .  

The remaining r e s e a r c h  concerned t h e  t i l e  d r a i n a g e  exper iment .  Y i e l d s  

were determined from p l o t s  l o c a t e d  a t  v a r i o u s  dep ths  and d i s t a n c e s  from each t i i ~ .  

(Table 7 ) .  (See Appendix F i g u r e  6 f o r  a p l a n  of t h i s  exper iment . )  A 

s t a t i s t i c a l  a n a l y s i s  of v a r i a n c e  showed t h a t  t h e r e  was no s i g n i f i c a n t  d i f -  

f e r e n c e  i n  y i e l d  due  t o  dep th  o r  d i s t a n c e  from t h e  t i l e  d r a i n s .  Y i e l d s  from 

t h e  t i l e  d r a i n a g e  p l o t s  were comparable t o  t h o s e  measured from t h e  r o t a t i o n  

p l o t s  where corn  was grown wi thou t  t o p s o i l .  The t i l e  d r a i n a g e  p l o t s  were 

a l s o  wi thou t  t o p s o i l .  There  a l s o  appeared t o  b e  no b e n e f i t  from t h e  a p p l i -  

c a t i o n  of 300 pounds of n i t r o g e n  p e r  a c r e .  The r a t e  o f  200 pounds a p p l i e d  

t o  t h e  r o t a t i o n  p l o t s  was adequa te .  

An a d d i t i o n a l  o b s e r v a t i o n  a f t e r  t h e  c o r n  was h a r v e s t e d ,  i n d i c a t e d  t h a t  

t i l e  d r a i n a g e  may have a b e n e f i c i a l  e f f e c t  where machinery had t o  t r a v e r s e  

t h e  p l o t s .  The mechanical  combine h a r v e s t e r  l e f t  wheel t r a c k s  approx imate lv  

one f o o t  deep where t h e  t i l e  d r a i n s  were p laced  a t  a d e p t h  of 2 f e e t  o r  less .  

Where t h e  t i l e  d r a i n s  were  3 o r  more f e e t  deep,  t h e  combine t i r e s  d i d  n o t  s i n k  

i n t o  t h e  p l o t s .  By lower ing  t h e  w a t e r  t a b l e  below 2 f e e t ,  t h e  t i l e  d r a i n  

al lowed t h e  s o i l  t o  s u p p o r t  t h e  combine h a r v e s t e r .  Tn t h e  s p r i n g  of tile yean-, 

t h i s  same f a c t o r  may a l l o w  more ~ i m e l y  p l a n t i n g  of t i l e  d r a i n e d  p l o t s .  However, 

t h e  p rev ious  s p r i n g s  have n o t  been wet nor  was t h e  exper iment  des igned  t o  

a l l o w  d i f f e r e n t i a l  p l a n t i n g  among p l o t s .  





S o i l  t e s t  a n a l y s e s  f o r  pH, b u f f e r  pH ( l ime requ i rement ) ,  and p l a n t  a v a i l -  

a b l e  phosphorus and potass ium were  o b t a i n e d  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  

Tab le  8. These a d d i t i o n a l  a n a l y s e s  were  conducted a s  a p a r t  of t h e  Iowa 

Soybean Promotion Board r e s e a r c h  p r o j e c t .  Each s o i l  test v a l u e  i n  Tab le  8 

i s  t h e  average  of samples o b t a i n e d  from each of t h e  1 2  main p l o t s  a s s i g n e d  

t o  d i f f e r e n t  c ropp ing  sequences  and r e p l i c a t i o n s .  Where no t o p s o i l  was 

r e p l a c e d ,  s o i l  t e s t  v a l u e s  f o r  t h e  g l a c i a l  t i l l  s u b s o i l  remafn f a i r l y  con- 

s t a n t  throughout  t h e  sampled p r o f i l e  w i t h  r e s p e c t  t o  pH and p l a n t  a v a i l a b l e  

phosphorus.  Replaced t o p s o i l  caused a r e d u c t i o n  i n  pH and b o t h  phosphorus ' 

and potass ium were a v a i l a b l e  t o  p l a n t s  a t  v e r y  h igh  l e v e l s .  Changes i n  pH 

and s o i l  t e s t  phosphorus and potass ium v a l u e s  seem t o  a c c u r a t e l y  r e f l e c t  

t h e  dep th  of r e s t o r e d  t o p s o i l .  C h i s e l  plow t i l l a g e  h a s  caused some mixing 

of s o i l  m a t e r i a l s  which accounts  f a r  g r a d u a l  changes i n  

s o i l  t e s t  v a l u e s .  

In p r e v i o u s  y e a r s ,  marked symptoms of manganese t o x i c i t y  were no ted  i n  

soybeans grown on p l o t s  where t o p s o i l  was r e p l a c e d .  The symptoms were  

s l i g h t  and s p o t t e d  w i t h i n  t h e  p l o t s  w i t h  a row c rop  h i s t o r y .  No symptoms 

were no ted  where soybeans were grown on p l o t s  r e c e i v i n g  t o p s o i l  and 2 y e a r s  

of a l f a l f a  t r e a t m e n t .  Th i s  may have been a n o t h e r  b e n e f i c i a l  e f f e c t  from 

a l f a l f a .  



Table 8. Average s o i l  test  v a l u e s  f o r  Hamilton County borrow a r e a  r e s e a r c h  site. 

Depth of Topsoi l  Sample Depth PH Ava i l ab l e  P Avai lab le  K 
Buffer  

pH 
-- -- 

i nches  --------- l b  per  a c r e  ---------- 

No Topsoi l  

6" Topsoi l  

12" Topsoi l  



Weathered Loess o r  G l a c i a l  T i l l  - Lee County 

This  borrow a r e a  r e s e a r c h  s i t e  i s  l o c a t e d  two m i l e s  east of Donnel lson,  

Iowa, The o r i g i n a l  s o i l s  i n  t h e  borrow a r e a  developed from wind d e p o s i t e d  

l o e s s  bu t  t h e  exposed s u b s o i l  c o n s i s t e d  of c a l c a r e o u s ,  unweathered,  and 

o x i d i z e d  g l a c i a l  till of  Kansan a g e  (depos i t ed  approximately  500,000 y e a r s  

a g o ) .  During c o n s t r u c t i o n  and r e s t o r a t i o n  of t h e  borrow a r e a ,  a  g r a y ,  

c l a y  p a l e o s o l  was removed from t h e  s i t e  and ~ h u s  exposed t h e  unweathered 

g l a c i a l  t i l l .  

A l l  p l o t s  were moldboard plowed i n  t h e  f a l l  of 1980 w i t h  a  three-bot tom,  

two way plow. S o i l  was thrown up s l o p e  and o n l y  one dead fu r row r e s u l t e d  

a t  t h e  s o u t h  b o r d e r  of each row of p l o t s .  On A p r i l  3 ,  a l l  p l o t s  were d i sked  

twice  and t h e n  d i sked  a g a i n  on May 30 p r i o r  t o  p l a n t i n g .  An e x c e l l e n t  seed- 

bed r e s u l t e d  where t o p s o i l  had been r e s t o r e d  b u t  t h e  seedbed was c loddy on 

t h e  s u b s o i l  p l o t s .  Excess m o i s t u r e  and a  l a c k  of o r g a n i c  m a t t e r  h indered  

seedbed p r e p a r a t i o n  i n  t h e  l a t t e r  p l o t s .  P l a n t i n g  was g r e a t l y  de layed  i n  

s o u t h e a s t  Iowa because  an  above normal amount of r a i n  f e l l  d u r i n g  May. 

Both c o r n  and soybeans were p l a n t e d  i n  38-inch wide rows on May 30. 

L e s t e r  P f i s t e r  75 h y b r i d  seed  c o r n  was p l a n t e d  a t  20,900 s e e d s  p e r  a c r e  and 

c e r t i f i e d  Oakland soybean seed  was p l a n t e d  a t  one b u s h e l  p e r  a c r e .  S o l u t i o n  

f e r t i l i z e r s  were a p 2 l i e d  i n  a band f o u r  i n c h e s  from t h e  seed  row. The corn  

p l o t s  r ece ived  180 13 N ,  81 l b  P205, and 8 1  I b  K20 p e r  a c r e  from 28-0-0 

and 0-26-25 s o l u t i o n s .  The soybean p l o t s  r e c e i v e d  t h e  same r a t e s  of P 0 2  5 

and K 0 only .  Corn p e s t i c i d e s  c o n s i s t e d  of Bladex and Lasso h e r b i c i d e s  a t  
2  

2 and 3 q u a r t s  p e r  a c r e ,  r e s p e c t i v e l y ,  and Lorsban i n s e c t i c i d e  a t  3  p i n t s  

p e r  a c r e .  A l l  co rn  p e s t i c i d e s  were b r o a d c a s t  a p p l i e d  i n  a  t a n k  mix w i t h  

50 g a l l o n s  of wa te r  p e r  a c r e .  The soybean p l o t s  r e c e i v e d  t h e  same tank mix 



except Amiben at 4 quarts Ter acre was substituted for Bladex. 

Climatological data for the Lee County research site is presented in 

Table 9. The growing season was characterized by excessive rain in April, 

May, June, and July. Nearly normal rainfall occurred in August and September. 

The entire growing season was cooler than normal and both corn and soybeans 

were slow to mature. 

, Corn yields are summarized by treatment in Table 10. There were no 

significant yield differences due to alfalfa treatment, subsoil tillage, 

or manure application. The addition of 6 inches of topsoil caused a 

significant yield increase but there was no significant difference between 

the 6 and 12-inch topsoil applications. Much of the yield increase from 

topsoil replacement was caused by an increase in plant density. A summary 

of corn yield and plant density response to topsoil replacement is presented 

in Table 11. Much of the improved plant density can be attributed to the 

superior seedbed which was attained where topsoil was replaced. 

Soybean yields are given in Table 12. This was the first year that soy- 

beans were successfully grown and yields measured. There were no significant 

differences in soybean yield due to alfalfa treatment, subsoil tillage, or 

manure application. The soybean crop also responded significantly to the 

first 6-inch addition of topsoil and there was not a significant yield 

difference between the 6 and 12-inch topsoil applications. Plant density 

counts were not made of soybean plants at harvest. There also appeared to 

be no Phytophthora root rot infection in soybeans grown on any of the plots 

at this research site. 
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Table 11. Effect of topsoil replacement on corn yield and plant density at 
the Lee County borrow area research site, 1981. 

Depth of topsoil 
inches 

Yield 
bushels/acre 

Plant density 
Number plnts/acre 

LSD 0.05 21.0 1,800 

I / ~ i f  f erent letters indicate significantly different means. 





Three  y e a r s  of  r e s e a r c h  d a t a  have been c o l l e c t e d  a t  each  of t h e  f o u r  

borrow s i t e s  s e l e c t e d  t o  b e  r e p r e s e n t a t i v e  of major s o i l  m a t e r i a l s  i n  

Iowa. A summary w i l l  b e  p r e s e n t e d  concern ing  p r o d u c t i v i t y ,  r e c l a m a t i o n  

methods,  and g e n e r a l  recommendations based on o b s e r v a t i o n s  th roughout  

t h e  s t u d y  p e r i o d .  

P r o d u c t i v i t y  -- 

F i g u r e s  2-9 g i v e  h i s togram p r e s e n t a t i o n s  of  y e a r l y  c o r n  and soybean 

g r a i n  y i e l d s  a t  each of t h e  borrow a r e a  r e s e a r c h  s i t e s .  The n o n s i g n i f i c a n t  

t r e a t m e n t s  were dropped from t h e  f i g u r e s  and g e n e r a l l y  t h e  r e s p o n s e s  t o  

t o p s o i l  d e p t h  and a l f a l f a  t r e a t m e n t  a r e  shown. 

A t  t h e  Audubon County borrow s i t e ,  c o r n  and soybean y i e l d s  have ex- 

ceeded o r  equa led  county  average  y i e l d s  d u r i n g  t h e  last  two y e a r s  of 

t h e  t h r e e  y e a r  s t u d y .  T h i s  w a s  done w i t h o u t  any r e s t o r e d  t o p s o i l  a t  t h e  

borrow a r e a .  It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  l a s t  y e a r  o f  t h e  

s t u d y ,  a  s e v e r e  drought  h i n d e r e d  t h e  county  average  y i e l d  of bo th  c o r n  and 

soybeans and t h a t  t h e  borrow a r e a  n e v e r t h e l e s s  ach ieved  t h e  coun ty  a v e r a g e  

(See C l i m a t o l o g i c a l  Data i n  Appendix T a b l e  1 . )  

Corn and soybean y i e l d s  exceeded county  a v e r a g e  y i e l d s  i n  o n l y  one o f  

t h r e e  y e a r s  a t  t h e  Buchanan County borrow s i t e .  During t h e  f i r s t  y e a r  of  

t h e  s t u d y ,  y i e l d s  were g r e a t l y  reduced.  Much of  t h i s  y i e l d  r e d u c t i o n  r e -  

s u l t e d  from t h e  poor seedbed t h a t  was p repared  o n l y  a  few days  a f t e r  t h e  

s i t e  was completed.  The y i e l d s  i n  1979 were  e x c e l l e n t  and a v e r a g e  coun ty  

corn  and soybean y i e l d s  were exceeded.  The r e s u l t s  of t h e  t h i r d  y e a r  of 

t h e  s t u d y  were d i s a p p o i n t i n g  because  heavy r a i n s ,  wind, and h a i l  g r e a t l y  

damaged t h e  c o r n  and soybeans a t  t h i s  s i t e .  A secondary e f f e c t  of  t h e s e  
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s torms w a s  t h e  l o s s  of h e r b i c i d e s  through l e a c h i n g  and e r o s i o n .  T h i s  

r e s u l t e d  i n  a s e v e r e  weed i n f e s t a t i o n  which f u r t h e r  reduced y i e l d s .  The 

most impor tan t  r e s u l t  from t h i s  r e s e a r c h  s i t e  was t h e  l a c k  of r e s p o n s e  by 

c o r n  o r  soybeans t o  r e s t o r e d  t o p s o i l .  Other  o b s e r v a t i o n s  a t  t h i s  s i t e  i n -  

d i c a t e d  t h a t  a l f a l f a  was p o o r l y  s u i t e d  t o  t h e  conditions t h a t  p r e v a i l e d .  

Although t h e  seed  germina ted ,  most s e e d l i n g s  d i e d  e a r l y  i n  t h e  summer of 

t h e  s e e d i n g  y e a r ,  e s p e c i a l l y  where t o p s o i l  was r e p l a c e d .  Consequent ly ,  

t h e  a l f a l f a  p l o t s  became i n f e s t e d  w i t h  weeds and g r a s s e s .  However, t h e s e  

same p l o t s  were l e s s  s u b j e c t  t o  e r o s i o n  i n  1980 t h a n  were t h e  p l o t s  t h a t  

had been i n  cont inuous  row c ropp ing  s i n c e  1978. 

Corn y i e l d s  have equaled county y i e l d  averages  a t  t h e  Hamilton County 

borrow s i t e  i n  two o u t  of t h r e e  y e a r s  where t o p s o i l  was r e s t o r e d .  The 

second y e a r ' s  y i e l d  r e s u l t s  showed no r e s p o n s e  t o  r e s t o r e d  t o p s o i l  and 

y i e l d s  were much reduced compared t o  t h e  county average.  Drought and d i f -  

f e r e n t i a l  p o l l i n a t i o n  o f  c o r n  among dep th  of t o p s o i l  p l o t s  g r e a t l y  con- 

founded t h e  r e s u l t s  of 1980. Soybean y i e l d  d a t a  showed some i n t e r e s t i n g  

responses .  I n  t h e  f i r s t  y e a r  of t h e  s t u d y ,  y i e l d s  from t o p s o i l e d  p l o t s  

equaled t h e  county average  b u t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between 

t h e  6 and 12-inch d e p t h s  of t o p s o i l .  I n  1988, d rought  g r e a t l y  l i m i t e d  

soybean y i e l d s  a l t h o u g h  p l o t s  w i t h  r e s t o r e d  t o p s o i l  had y i e l d s  t w i c e  a s  

g r e a t  a s  t h o s e  w i t h o u t  t o p s o i l .  I n  1981,  t h e  most impor tan t  r e s u l t s  

o c c u r r e d .  Soybean y i e l d s  were  g r e a t l y  reduced when t h e  second soybean 

c r o p  was grown on t h e  corn-soybean r o t a t i o n  p l o t s  were  compared w i t h  soy- 

beans  grown f o l l o w i n g  two y e a r s  of a l f a l f a .  The pr imary e x p l a n a t i o n  f o r  

t h i s  r e s u l t  was t h e  o c c u r r e n c e  of Phytophthora  r o o t  r o t  i n f e c t i o n  which 

reduced y i e l d s .  T h i s  d i s e a s e  organism became e s t a b l i s h e d  when t h e  f i r s t  



soybean c rop  was grown a r d  r a p i d l y  i n f e c t e d  t h e  second c rop  grown i n  1981. 

R e s t o r a t i o n  of t o p s o i l  appeared t o  l e s s e n  t h e  d i s e a s e  t o  some e x t e n t .  

Both corn  and soybeans responded s i g n i f i c a n t l y  t o  r e s t o r e d  t o p s o i l  b u t  

l i t t l e  o r  no d i f f e r e n c e  i n  y i e l d  could  be  found between t h e  6 o r  12-inch 

dep ths .  

Corn y i e l d s  have been d i s a p p o i n t i n g  a t  t h e  Lee County borrow s i te .  

There h a s  been a s i g n i f i c a n t  r e s p o n s e  t o  t o p s o i l  replacement  b u t  l i t t l e  

d i f f e r e n c e  h a s  been found between y i e i d s  from t h e  6 and 12-inch d e p t h s .  

Two y e a r s  of a l f a l f a  growth appeared t o  i n c r e a s e  c o r n  y i e l d s  b u t  t h e  

response  was n o t  s i g n i f i c a n t l y  g r e a t e r  t h a n  where row c r o p s  were grown. 

Soybean y i e l d s  from t h e  f i r s t  two y e a r s  of r e s e a r c h  were n o t  o b t a i n e d  and 

on ly  t h e  r e s u i t s  from t h e  t h i r d  y e a r  can b e  d i s c u s s e d .  There  was a s i g n i -  

f i c a n t  y i e l d  i n c r e a s e  from t h e  a d d i t i o n  of t o p s o i l  b u t  t h e  d i f f e r e n c e  

between 6 and 12-inch d e p t h s  was n o t  s i g n i f i c a n t .  Two y e a r s  of a l f a l f a  

growth d i d  n o t  improve soybean y i e l d s  a t  t h i s  s i t e .  There  was no i n f e c t i o n  

of soybeans by f h y t o p h t h o r a  r o o t  r o t  a t  t h i s  s i t e .  

Reclamation methods 

a .  Depth of t o p s o i l  - R e s t o r a t i o n  of t o p s o i l  showed no y i e l d  advan tage  

a t  t h e  coarse - tex tu red  borrow s i t e  i n  Buchanan County. No t o p s o i l  was 

r e s t o r e d  a t  t h e  l o e s s  borrow s i t e  i n  Audubon County and e x c e l l e n t  y i e l d s  

were achieved which equaled o r  s u r p a s s e d  county a v e r a g e s .  However, t o p s o i l  

replacement  i n c r e a s e d  crop y i e i d s  a t  t h e  g l a c i a l  t i l l  borrow s i t e s  i n  

Hamileon and Lee Count ies .  L i t t l e  d i f f e r e n c e  i n  c rop  y i e l d  was measured 

between p l o t s  w i t h  6 o r  12 i n c h e s  of t o p s o i l .  The y i e l d  i n c r e a s e  due t o  

t o p s o i l  replacement  could  p a r t i a l l y  be  a t t r i b u t e d  t o  t h e  p r e p a r a t i o n  of a 

s u p e r i o r  seedbed compared t o  p l o t s  where t o p s o i l  w a s  n o t  r e p l a c e d .  In 



some y e a r s ,  corn p l an t  dens i ty  was g r e a t l y  reduced because of poor seed- 

bed c o ~ l d i t i o n s  on the  l a t t e r  p l o t s .  Also, t o p s o i l  he ld  enough mois ture  

t o  a l low uniform and r ap id  germinat ion i n  a  drought year  a s  was ev ident  

a t  t h e  Hamilton County s i t e  i n  1980. An unexpected b e n e f i t  from t o p s o i l  

was t h e  r educ t ion  of Phytophthora r o o t  r o t  i n f e c t i o n  i n  soybeans. The 

dense, poorly drained g l a c i a l  t i l l  s u b s o i l  a t  t h e  Hamilton County s i t e  was 

an i d e a l  growth medium f o r  t h e  d i s e a s e  organism when soybeans were grown. 

It is  l i k e l y  t h a t  spores  from t h i s  fung i  w i l l  p e r s i s t  and i n f e c t  subsequent 

soybean crops un l e s s  r e s i s t a n t  c u l t i v a r s  a r e  p lan ted  o r  experilpental  

chemicals prove e f f e c t i v e  f o r  c o n t r o l l i n g  t h i s  d i s ea se .  

b. A l f a l f a  t rea tment  - A l f a l f a  growth was vigorous a t  a l l  borrow 

s i t e s  except  i n  Buchanan County. A l a t e  p l an t ing  d a t e  and excess ive  

mois ture  con t r ibu t ed  g r e a t l y  t o  t h e  problems of e s t a b l i s h i n g  a l f a l f a  a t  

the  borrow s i t e .  A l f a l f a  d id  become e s t a b l i s h e d  on p l o t s  where no t o p s o i l  

was rep laced  because t h e s e  p l o t s  were no t  a s  w e t  nor was t h e r e  any weed 

competi t ion.  This  pointed ou t  t h e  need t o  match a  legume wi th  t h e  s i te .  

Where excess ive  moisture  i s  l i k e l y  t o  occur ,  c love r s  o r  t r e f o i l s  should 

be p lan ted  because they a r e  more t o l e r a n t  of wetness.  La te  p l a n t i n g  of 

a l f a l f a  and o t h e r  small  seeded legumes should a l s o  be  avoided. This  was 

demonstrated a t  t h e  Lee County borrow s i t e  where f a i l u r e  occurred on sub- 

s o i l  p l o t s  which d id  no t  r e c e i v e  a  manure a p p l i c a t i o n .  The manure provided 

a  mulching e f f e c t  t h a t  allowed a l f a l f a  s e e d l i n g s  t o  s u r v i v e  i n  s p i t e  of a  

l a t e  p l a n t i n g  d a t e .  

c .  Subsoi l  t i l l a g e  - General ly  t h e r e  was no y i e l d  response t o  s u b s o i l  

t i l l a g e .  A y i e l d  i nc rease  occurred i n  t h e  f i r s t  yea r  a t  t h e  Buchanan County 

s i t e  bu t  d i d  no t  p e r s i s t  i n  l a t e r  yea r s .  Subsoi l  t i l l a g e  may be  b e n e f i c i a l  
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where c o n s t r u c t i o n  equipment t r a f f i c  i s  e x c e s s i v e  a s  appeared t o  be t h e  

c a s e  a t  t h e  Audubon County s i t e .  Yie lds  were always reduced i n  p l o t s  

which were l o c a t e d  where equipment converged a s  i t  e x i t e d  t h e  borrow a r e a .  

An e x p l a n a t i o n  f o r  t h e  l a c k  of response  t o  s u b s o i l  t i l l a g e  o r  p e r s i s t e n c e  

of response  may be  t h e  e f f e c t i v e n e s s  of n a t u r a l  wea ther ing  f o r c e s  such a s  

freeze-thaw and w e t t i n g  and d ry ing .  These f o r c e s  w i l l  be  v e r y  e f f e c t i v e  

i n  t h e  zone t i l l e d  t o  a  dep th  of 24  i n c h e s .  S u b s o i l  t i l l a g e  may be  bene- 

f i c i a l  i f  i t  i s  c a r r i e d  o u t  t o  modify f a c t o r s  l i m i t i n g  p l a n t  r o o t  p e n e t r a -  

t i o n .  T h e r e f o r e ,  s u b s o i l  t i l l a g e  recommendations shou ld  be  made on a  s i t e -  

b y - s i t e  b a s i s .  

d ,  Manure a p p l i c a t i o n  - Corn g e n e r a l l y  responded t o  manure a p p l i c a t i o n  

i n  t h e  f i r s t  growing season  a f t e r  manure was a p p l i e d .  T h i s  i s  t o  be 

expected b u t  any c a r r y o v e r  e f f e c t  of manure i n  t h e  f o l l o w i n g  y e a r  w i l l  be  

minimal. Manure a l s o  se rved  a s  a  v e r y  e f f e c t i v e  mulch which g r e a t l y  a i d e d  

a l f a l f a  e s t a b l i s h m e n t  where p l a n t i n g  was de layed  i n  t h e  s p r i n g .  The g r e a t e s t  

problem w i t h  manure was a v a i l a b i l i t y .  Animal manure o t h e r  t h a n  l i q u i d s  

i s  n o t  r e a d i l y  a v a i l a b l e  i n  a11  a r e a s  of Iowa. I f  manure i s  a v a i l a b l e  t o  

t h e  l a n d  manager, i t  should be a p p l i e d  t o  t h e  borrow a r e a  a s  i t  i s  t o  o t h e r  

f i e l d s .  Crop r e s i d u e s  may be  s u b s t i t u t e d  f o r  manure t o  some e x t e n t  and 

should be  cons idered  where mulching i s  needed. Conserva t ion  c ropp ing  which 

l e a v e s  s i g n i f i c a n t  amounts of r e s i d u e  on t h e  l a n d  s u r f a c e  shou ld  be  u t i l i z e d  

on borrow a r e a s  as w e l l  a s  o t h e r  a g r i c u l t u r a l  l a n d s .  

e. T i l e  d r a i n a g e  - The t i l e  d r a i n a g e  s t u d y  was hampered by r e l a t i v e l y  

d r y  f i e l d  c o n d i t i o n s  i n  t h e  s p r i n g  d u r i n g  each y e a r .  Only i n  t h e  f a l l  of 

1981 could a b e n e f i t  b e  seen  from t i l e  i n s t a l l a t i o n s  deeper  than  2 f e e t .  



This depth of i n s t a l l a t i o n  allowed ha rves t  equipment t o  t r a v e r s e  t h e  s i t e  

without  s ink ing  i n t o  t h e  f i e l d .  Water has always flowed from the  t i l e  

d r a i n s  a f t e r  heavy r a i n f a l l  events ,  which should c o n t r o l  warer t a b l e  

e l eva t ions .  However, shal low t i l e  i n s t a l l a t i o n s  appear t o  a l low t h e  water 

t a b l e  l e v e l  t o  remain roo high and support  f o r  farm machinery i s  lessened .  

Genera l  Re'commendat ions 

Recommendations f o r  r e s t o r i n g  borrow a r e a s  t o  a g r i c u l t u r a l  uses  a r e  

based on t h e  r e s u l t s  of t h i s  research  and observa t ions  wh i l e  f i e l d  r e sea rch  

was being conducted. 

1. Topsoi l  replacement is  not  always necessary,  A t  coarse- textured 

s i t e s  which inc lude  i o e s s  and sandy m a t e r i a l s ,  e x c e l l e n t  y i e l d  may be 

obtained with nc tops011 replacement. F e r t i l i t y  l e v e l s  a t  these s i t e s  

can be h v i i c  up  r ap id ly  wi th  commercial f e r t i l i z e r .  S o i l  c r u s t i n g  may be 

a problem which can be cvercome wi th  proper  r e s i d u e  management e i t h e r  

through n o - t i l l a g e  o r  o t h e r  conserva t ion  t i l l a g e  methods. Where clay 

content  i s  g r e a t e r  6 s  a t  t h e  g l a c i a l  till s i t e s ,  one f o o t  of t o p s o i l  

should be removed and sCoekpiled be fo re  borrowing. Replacement of t h e  

saved t o p s o i l  wlil y i e l d  ac Beast a s ix- inch depth of t o p s o i l .  There w i l l  

be scne  l o s s  of t o p s o i l  through handling and shrinkage.  This  amount of 

r e s to red  t o p s o i l  w i l l  i n s u r e  good seedbed preparation and preserve  p l a n t  

n u t r i e n t s ,  

2 .  A l f a l f a  t rea tmsnt  should be considered f o r  t h e  first years Eollswiag 

reclamation of a borrow p i t .  I n  some in s t ances ,  o the r  i eg~snes  s u c h  as red 

c love r  o r  b i rds foo t  t r e f o i l  should be  used in s t ead  of a l f a l f a .  Where 

t o p s o i l  i s  not  r e s ro red ,  a legume treatment  should be inandatory t o  reduce 



s o i l  e r o s i o ~ r .  Whcn r o w  c r u p  product ion i s  i n i t i a t e d ,  a  s t r o n g  conser- 

v a t i o n  t i l l a g e  program should be followed t o  i n s u r e  t h a t  s u f f i c i e n t  crop 

r e s idues  remain a t  t h e  s u r f a c e  t o  c o n t r o l  e ros ion  and minimize s o i l  

c r u s t  problems. Secondly, a l f a l f a  t rea tment  a l s o  appears  t o  l e s s e n  t h e  

s e v e r i t y  of phytophthora r o o t  r o t  Pnfec t ion  i n  soybeans. This  b e n e f i t  

from a l f a l f a  is  s t i l l  being examined a t  t h e  Hamilton County borrow a r e a  

r e sea rch  s i t e .  

3 .  Subsoi l  t i l l a g e  gene ra l l y  was no t  b e n e f i c i a l  f o r  row crops.  The 

t i l l a g e  equipment used i n  t h i s  research  could n o t  p e n e t r a t e  beyond 20 

inches i n t o  t h e  s o i l .  This  same zone is a l s o  most g r e a t l y  a f f e c t e d  by 

n a t u r a l  f c r c e s  r e s u l t i n g  from f r eez ing  and thawing and we t t i ng  and drying.  

Any advantage from s u b s o i l  t i l l a g e  was seen  i n  t h e  e a r l y  y e a r s  a f t e r  

r ec l ama~ io i i  and dur ing  dry  years .  T i l l a g e  may be  needed where cons t ruc t ion  

equipment t r a f f i c w a s  i n t e n s e  but  s p e c i a l i z e d  equipment such a s  t h e  s l i p  

plow may prove more u s e f u l  than  a g r i c ~ i l t u r a l  t i l l a g e  equipment. The 

f o m e r  t i l l a g e  t o o l  i s  p r e s e n t l y  being t e s t e d  on reclaimed minelands i n  

Iowa. I n  conc lus ion ,  a s i t e  by s i t e  eva lua t ion  should be wade of s u b s o i l  

t i l l a g e  needs a t  borrow a r e a s  and t h e  r e s u l t s  of o t h e r  r e sea rch  may 

demonstrate t h a t  new, s p e c i a l i z e d  equLpmentmay be b e t t e r  s u i t e d  t o  t h i s  

opera t ion .  

4. Manure a p p l i c a t i o n  was b e n e f i c i a l  t o  corn  grown i n  t h e  f i r s t  

year  a f t e r  i ts  a p p l i c a t i o n .  This  i s  gene ra l l y  expected. However, 

e x c e i l e n t  corn y i e l d s  could be achieved without  manure. The a v a i l a b i l i t y  

of manure w i l l  determine i f  i t  i s  t o  be  used. Farmers w i th  a v a i l a b l e  

manure w i l l  g e n e r a l l y  a p p l j  i t  t o  any l ands  they  wish t o  improve and borrow 

a r e a s  a r e  no except ion .  &ny of t h e  b e n e f i t s  of manuring Ray be dup l i ca t ed  



wi.rh a gucsd conservatior,  t i l l a g e  program where crop resichiaes a r e  l e f t  

a t  t h e  su r f ace .  &nures can a l s o  provide a mulching e f f e c t  but  o the r  

m a t e r i a l s  can s e r v e  equal ly  we l l  where mulch is  needed. 

5. T i l e  dra inage  appeared t o  improve t h e  support  f o r  ha rves t  

equipment where t h e  d r a i n s  were placed deeper than  2 f e e t .  There w a s  

no y i e l d  advantage from t i l e  d r a i n s  t h a t  could be measured a t  t h e  one 

s i t e  where they were i n s t a l l e d .  Many of t h e  p rob lemsofd ra inage  could be 

solved by proper design of a s u r f a c e  dra inage  system. I n  f a c t ,  t h e  g r e a t e s t  

d i f f i c u l t y  i n  conducting t h i s  r e sea rch  was poor s u r f a c e  dra inage  a t  t h e  

Buchanan and Lee County s i t e s .  In  Buchanan County, Sand l e n s e s  and channels 

came t o  the surface i n  some p l o t s  and seeps were a problem. A t  t h e  Lee 

Co:lnty ~ z t c . ,  the con t r ac to r  had a l imi t ed  a r e a  i n  which t o  work and t h e  

constructl'.a~r: of research  p l o t s  f u r t h e r  r e s t r i c t e d  t h e  f i n i s h i n g  of 

the  borrow a rea .  T h e  b e s t  recommendation t o  provide  dra inage  a t  borrow 

a r e a s  i s  to develop a dra inage  p lan  and c a r r y  i t  ou t  according t o  

s p e c i f i c a t i o n .  T h i s  will e l i m i n a t e  ponded water  and s a f e l y  c a r r y  away 

excess  p r e c i p i t a t i o n  with minimal e ros ion  hazard. 

A corlclusiozi concerning p roduc t iv i ty  may a l s o  be drawn from t h i s  

research .  Yie lds  were g r e a t l y  reduced i f  row crop p r o d u c t b n  w a s  

i n i t i a t e d  immediately a f t e r  reclamation without  t h e  b e n e f i t  of a w i n t e r ' s  

f r eez ing  and thawing. Af t e r  a per iod  of one o r  two yea r s ,  y i e l d s  from 

reclaimed borrow a reas  may equal  county wide y i e l d s  i f  a t  l e a s t  6 inches  

of t~psofl - w r e  r e s to red  t o  g l a c i a l  till s i t e s .  A t  coarse- textured o r  

Loess s i t e s ,  t o p s o i l  may not  be  necessary t o  achieve  county y i e l d  averages,  



APPENDIX 

I n  t h i s  experiment,  t h e  s i g n i f i c a n c e  of a  t reatment  e f f e c t  was t e s t e d  

by a n a l y s i s  of va r i ance  procedures (ANOVA). The procedure c o n s i s t s  of s i x  

s t e p s  : 

8. Out l ine  t h e  ANOVA t a b l e  f o r  t h e  experiment by l i s t i n g  t h e  sources  

of v a r i a t i o n  and degrees  of freedom. 

2 .  Compute t h e  sum of squares  and mean square f o r  v a r i a t e s .  

3. Compute t h e  t o t a l  sum of squares .  

4 .  Compute t h e  sum of squares  and mean square f o r  t h e  e r r o r .  

5. Ca l cu l a t e  F r a t i o  f o r  v a r i a t e s .  

6 .  Look up F va lues  f o r  t h e  l e v e l s  of s i g n i f i c a n c e  chosen f o r  t h e  

experiment (u sua l ly  a t  t h e  0.05 and 0.01 l e v e l s  a r e  used) .  

To o u t l i n e  t h e  ANOVA t a b l e ,  t h e  t rea tments ,  r e p l i c a t i o n s  and exper i -  

mental design must be known. The borrow a r e a  experiment had t h e  fol lowing 

t rea tments :  

1. A l f a l f a  (2 l e v e l s )  - 2 yea r s  growth and none 

2. Topsoi l  d e p t h ' ( 3  l e v e l s )  - 0 ,  6 ,  and 12 inches  

3 .  Subsoi l  t i l l a g e  ( 2  l e v e l s )  - none and t i l l e d  

4 .  Manure a p p l i c a t i o n  ( 2  l e v e l s )  - none and 10  tons/A. 

Three r e p l i c a t i o n s  were used a t  each of t h e  borrow a r e a  r e sea rch  si tes.  

The experimental  design was a  s p l i t - s p l i t - s p l i t  p l o t .  A l f a l f a  t r ea tmen t s  

were assigned t o  main p l o t s  which cons i s t ed  of one-half of each r e p l i c a t i o n  

growing a l f a l f a  f o r  2  years  o r  growing row crops immediately a f t e r  r e s t o r a -  

t i o n .  Each of t h e  two ha lves  of t h e  main p l o t  were d iv ided  i n t o  3 s p l i t  

main p l o t s  which rece ived  0 ,  6 ,  o r  12 inches  of t o p s o i l .  The s p l i t  main 



plots were divided again to yield split-split main plots and subsoil tillage 

treatments were assigned to the new divisions. Finally, manure treatments 

were randomly assigned within each split-split main plot. This ANOVA was 

used in the third year of the experiment after row crops were harvested 

from the alfalfa treated main plots. The ANOVA process did not include 

different counties, years, or crops. This was justified because each 

county was selected to represent a unique soil material. Similarly, corn 

and soybean are different crops and many comparisons of their yields would 

be meaningless. Finally, each year" crop yield data reflected the soil 

and ~Eimatological condition prevailing during that growing season. 

The ANOVA table had the following form: 

Source of variation Degrees of freedom 

Total 
Main Plots (alfalfa treatments-A) 

Replications (R) 
A 
R * A (Error A) 

Split main plots (Topsoil treatments-%) 12 
T 2 
T * A  2 
R * T 9 R&T * A) (Error B )  8 

Split-split%main plots (subsoil tillage treatments - S) 18 
S 1 
S * T  2 
S * A  1 
S * T * A  2 
R * S + R(S * T) + R(S A) + R(S * T * A) (Error C )  12 

M - manure treatments 
M * S  
M * T  
M * A 
M * S * T  
M * S * A  
M * T * A  
M * S * T * A  
R * M + R(M * S) + R(M * T) + R(M * A) + R(M * S * T)  + 
R(M * S * A) C R(M * T * A) + R(M * S * T * A) 

(Error D) 



The appearance of t h e  ANOVA i s  a s y s t e m a t i c  p r e s e n t a t i o n  o f  v a r f a t e s  and 

t h e i r  i n t e r a c t i o n s  a r ranged  accord ing  t o  t h e  exper imenta l  d e s i g n .  Compu- 

t a t i o n  of sum of s q u a r e s  and mean s q u a r e s  is t h e  n e x t  s t e p  i n  t h e  ANOVA 

p r o c e s s .  A t t h i s  p o i n t  of t h e  ANOVA p r o c e s s ,  a computer g e n e r a l l y  I s  used 

t o  complete t h e  n e c e s s a r y  c a l c u l a t i o n s .  It is  impor tan t  t o  n o t e  t h a t  wean 

s q u a r e s  f o r  v a r i a t e s  o r  e r r o r  terms a r e  o b t a i n e d  by d i v i d i n g  t h e  sum of 

s q u a r e s  by t h e  d e g r e e s  of freedom g iven  f o r  t h e  term. T h e r e f o r e ,  t h e  

g r e a t e r  t h e  d e g r e e s  of freedom, t h e  s m a l l e r  w i l l  be  t h e  mean s q u a r e .  

C a l c u l a t i o n  o f  t h e  F r a t i o  i s  needed f o r  t h e  F test.  The F t e s t  i s  

d e f i n e d  a s  a r a t i o  between two v a r i a n c e s  and i s  used t o  de te rmine  whether  

two independent  e s t i m a t e s  of v a r i a n c e  can be assumed t o  be  e s t i m a t e s  of t h e  

same v a r i a n c e .  I n  t h e  ANOVA t a b l e ,  a n  I? r a t i o  is c a l c u l a t e d  by d i v i d i n g  

t h e  mean s q u a r e  o f  t h e  v a r i a t e  by t h e  mean s q u a r e  of t h e  a p p r o p r i a t e  e r r o r  

term. T h e r e f o r e ,  F r a t i o  of t h e  a l f a l f a  t r e a t m e n t ,  A ,  is  o b t a i n e d  by 

d i v i d i n g  i t s  mean s q u a r e  by t h e  mean s q u a r e  by t h e  mean s q u a r e  o f  e r r o r  A .  

The F t e s t  is completed by u s i n g  a n  F- tab le  where numer ica l  v a l u e s  of F 

r a t i o s  a t  d i f f e r e n t  p r o b a b i l i t y  l e v e l s  a r e  g iven .  Degrees of freedom f o r  

t h e  numerator mean s q u a r e  and demoninator mean s q u a r e  are used t o  l o c a t e  

t h e  s p e c i f i c  F r a t i o  v a l u e  which must b e  exceeded i n  o r d e r  f o r  a s i g n i f i c a n t  

r esponse  t o  have o c c u r r e d .  

The p r o c e s s  o f  F t e s t i n g  i s  c a r r i e d  o u t  u s i n g  t h e  a p p r o p r i a t e  e r r o r  tern. 

I n  t h e  above example, e r r o r  A t e s t e d  t h e  a l f a l f a  v a r i a t e ;  e r r o r  B can be  

used t o  test t h e  t o p s o i l  v a r i a t e  and t h e  i n t e r a c t i o n  of t o p s o i l  w i t h  a l f a l f a  

t r e a t m e n t ;  e r r o r  C can b e  used t o  test t h e  s u b s o i l  t i l l a g e  v a r i a t e  and 'its 

i n t e r a c t i o n s  w i t h  t h e  t o p s o i l  and a l f a l f a  v a r i a t e s ;  and e r r o r  D can b e  used 

t o  t e s t  t h e  manure v a r i a t e  and i t s  i n t e r a c t i o n s .  



After significance of variate effects are tested, a second test may be 

used to determine if means from different levels of a variate are signifi- 

cantly different from one another. This is accomplished using the least 

significant difference to test for significant differences (LSD) among 

treatment means. In this experiment, LSD's were used to determine if the 

mean yield of corn or soybeans grown on various depths of topsoil were 

different. Calculation of an LSD was based on using the error mean square 

which also was in the denominator that yielded the F ratio. The calculation 

of LSD's is given.in many statistical references. 



11 Table 1. Audubon County c l imqto log ica l  record.-- 

--- Temperature P r e c x i t a t i o n  -- -- 
-- Tot a1 Departure from normal To ta l  Depar ture  from normal - 
1978 1979- 1980 1978 1979 1980 1978 1979 1980 1978 1979 1980 

------------ degrees Fahrenhei t  -------------- ----.,-------------- inches -------.----.------------ 

January 
February 
March 
Apr i l  
May 
June 
Ju ly  
August 
September 
October 
November 

. December 

ANNUAL 47.5 4 6 . 9  50.2 -1.0 - 1 . 6  1.7 32.04 32.84 22.00 - .46  .34 -10.50 

l /Climatological  Data, National  Oceanic and Atmospheric Administrat ion,  National  Climatic  Center.  Asheville. ,  NC. 



1 / Table 2. Buchanan County c l ima to log ica l  record.-- 

Temmerature 
7 - P r e c i g i t a t i o n  -------- -- 

-- Tollal ~ e ~ a r t u r e  f r o m  normal Tot a1 ---- W a r t u r e  from n?r& 
1978 1979 1985 1978 1979 1980 1978 1979 1980 1978 1979 1980 

January 
February 
March 
Apr i l  
May 
June 
Ju ly  
August 
September 
October 
November 
December 

------------ degrees  Fahrenhei t  -------------- ------------------ inches -----a ..---------.- ----- 

ANNUAL 43.4 43.1 46.0 - 3 . 7  - 4.0 -1.1 31.19 35.26 35-92 -2.76 1 .31  1.97 

L / ~ l i m a t o l o g i c a l  Data, Nat ional  Oceanic and Atmospheric Administrat ion,  National  Climatic  Center ,  Ashevil.le, NC. 









Audubon County borrow area corn y i e l d s ,  1978-80. 

-- 
PLOT T I L L A G E  MANURE C O R N 7 8  C O R N 7 9  C O R M 8 0  

1 0 1  2 2 77 0 7 3  
102 1 1 4 8  0 80 
103 2 2 62 0 P 09 
104  t 2 56 0  113 
10 5 B f 0 '146 0 
B 06 2 1 0 1 5 5  0 
107 2 2 0 1 3 1  0 
10 8 1 2 0 136 0 
9 0 9  1 2 92 0 110 
1 1 0  2 1  73 0 114 
1 1 1  1 1 0 T8 0 2  0  
I 1 2  2 B 0  8 29 0 
20 1 2  1 6 4  0 1 0 0  
2 02 1 2 67 0 93 
203 2 1 5 2  0 1 0 2  
204  1 1 26 0  B 02 
2 0 5  1 2 0 169 0 
20 6 2 2 0 P 66 8 
207 2 1 0 1 4 4  0  
208 I  1 0 151 0 
20 9 1 1 59 0 1 0 8  
280 2 2 7 3 0 112 
211 1 2 0 1 % 5 0  
212 2 2 0 B 55 0 

-..-, - -. -- - 

\ 

Audubon County borrow area soybean y i e l d s ,  1978-80. 

PLOT T I L L A G E  MANURE REAN578 BEAN S 7 9  BEANS89 

i l l  
112 



o i l  I oez 
1 

- - - - & - - -  1 E Z E  I CZb. I 
Z Z E  I Z Z C  I 

1 
- - - e m - -  I 
I LZC j 1 Z b  / 
I 



- - --- - - -- - - - Buchanan County borrow area corn y i e l d s ,  i978-80. 
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3 
2 
2 
2 
2 
2 
4, 
1 
I 
1 
1 
1 
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Buchanan County borrow a r e a  corn yields, 1978-80 (continued) 

_ _ __ __ _ _ _ _ _  _ ___-I_ ---I- -----.I--- 
-- - - - - - - - - - - 

P L O T  A L  7' ALFA BOPSC1I L T 1 L L A G E  MANI.1 R F  C D W N 7 B  CT)RN7C( CORN80 - 
401 1 3 1 9 r) 1 3 4  0 
4 0 2  P 3 ? 1 r) !I7 0 
4 03 1 1 2 2 9 11'3 0 
6 0 4  1 1 1 1 0 169  0 
4 0 5  1 2  1 P r) 8 7 0 
4 0 6  1 2 2 1 0 109 0 
4 0 1  2 3 1 1 0 0  55 
408  2 3 2 2 3 9 42 
4 0 9  2 2 2  B 0 0 P 1 
610 2 2 I 1 '3 Q 2 1 
48, B 2 1 2 2 0 0 47  
412  2 P 1 2 0 0 3 6 
4 1 3  3 3 1 2 r) 0 0 
414: 2 3 2 2 0  0  0 
4 9 5  2 2 2 t 3 0 0 
416  2 2 1 1 .  '3 0 0 
4 1 7  2  1 2 1  0 0 0  
4 1 R 2 9 9 1  3 0 0  
419  1 3 2  2 d 103 0  
4 2 0  P 3 1 1 0 138 0  
42 1 1 1 P 2 '3 0 35 0 
422 1 A B 2 1 3 130 0 
4 2 3  1 2 2 2 0 132 0 
4 24 0  2 1 2 0  146  0 
50'6 1 3 2 1 57 0 54 
5 02 1 3 1 1 27 0 3 8 
5'2 3 1 I 1 2 9 i 0 6 5  
5 04 1 1 2 3 9 5 0 62  
5 05 1 2  2 2 13 0 25 
5 0 6  B 2 1 1 18 0 43 
507 1 3 2 1 0 9 52  0 
5 0  8 1 3 1 1 0 170 r? 
5 09 1 2 I ? 161  0 
510 1 2 2 1 0  162 0 
518 1 1 2 2 9 163 0  
592 1 1 1 1 121 0 
5 13 1 3 1 f i! 0  

1 0  
514 1 3 2 2 0. 0 
51  5 1 2 1 1 1 0 7 
586  '1 2 2 'I 29 0  6 
517 1 1 I 1 3 9 0 8 
51  8  9 1 2 2 5 7 0  

3 
15 

519 ... 3 2 1 0 0  '8 e3 
520  2  3 I 2 3 0 1 4  
5 2 1  2 1 2 1 0  0 1 Q 
5 22 2 1 1 1 9 0  4 0  
523  2 2 2 2 0 0 1 4  
5 2 4  2 2  1 2 0 0 % 4 
6 0  8 1 3 2 2 59 0 36 
6  02 1 3 1 2 4 8 0 12  
6 03 1  1 1 B 7 1 '3 48 
6 0 4  1 1 2 1 89 0 5 4  
605  1 2 2 1 30 ( 3 .  2  1 
6 0 6  1 2 1  2 42 0 2 6  
6  07 1 3 2  2 0 1 42 0 
608  B 3 1 2 9 9 55 0 
6 0 9  1 2 1 1 '3 165 0 
610  1 2  2 2 9 9 6 1 0 
61  1 1 1 2  B 0 187 0 
612 1 1 1 2 9 ? 40 '3 
6 1 3  I 3 1 2 33 0 3 Q 
614  1 3 2 1 14 3 1 
615  1 2 1 ? 10 0 0  
6 1 6  P 2 ? 2 2 B 3 0 
61 7 1 1 1 2 5 6 8 0 
6 1 8  1 1 2 1 5 C)  0 0 
619 2 3 2 2 '3 0 17 
6 2 0  2 3 1 1 0  0 2 6  
6 2 1 2  1 2 2 9 0 57 
6 2 2  2 1 '1 2 3 9 5 5  
623 2 2 2 1 0  0 19 
6 2 4  2 2 B 1 3 W - -  



Buchanan County bor row area soybean and hay y i e l d s ,  1978-80 

P L O T  A L - F A ! - F A  T O P S O I L  T ILL-AGE YAbILIRE 9 - Z A N S 7 Q  RFAQIS?', 8F ANSR 0 H 4 Y  79 



Buchanan County borrow a r e a  soybean and hay y i e l d s ,  1978-80 ( con t inued)  

.A1_FI{tFA T O P S O I L  T I L L A G E  MANLJRE B E A N S 7 8  Q E A N S f 9  BE AN580 H A Y  7(i 

0 0 3 . 3 5  
0 0 1.32 
0 0 90 05 
0 3 1.05 
0 0 I a 6 2  
0 0 7.55 
0 0 3 a 6 9  
0 0 n * 7 3  
0 0 a s 9 1  
0 0 l a 0 5  
0 0 9 0 7 2  
0 8 3 .OO 
0 23 0's 0 0  
0 ?? 3,99 
0 13 3400 
0 15 3 s  ' 93  
0 24 0 0 0 0  
o 27 n.00 
0 23 0.90 
0 25 0 a90 
0 32 OeOO 
0 23 3 a 3 0  
0 '1 Q 5 a 0 7  
3 0 O m 3 3  
0 0 l e 6 7  
0 0 O e ? 9  
3 0 3 e 77 
0 3 1) e83 
0 0 1 . 4 0  
O O 0177 
0 Q 0.65 
Q 0 0.50  
0 0 '3 5 7 5  
0 0 0 e 4 8 
(9 0 7959 
0 0 3 . 3 0  
3 2 0 ?. 09 
0 0 9. O Q  
0 15 3.03 
0 P 3 3-90 
0 1 4  3 0  

45 0 3 . 3 0  
4 6  0 ( 3 a 0 0  
5 1 0 D o ? ?  
5 1 0 3 .DO 
44 r? Q.00 
38 0 3 e 3 0  
o 1 e 0.60 
0 2 1 3 5  3 0  
9 16 3 a00 
0 ra 0.00 
0 20 3 .30  
9 3 1 3.03 

4 2  0 ? e  00 
50 0 O m 0 0  



Buchanan County borrow a r e a  soybean and hay y i e l d s ,  1978-80 ( con t inued)  

P L O T  A L F A L F A  T O P S 0 1  l- T I L L A G E  M A N U R E  WEANS78 B E A N S ' P Q  BEANSBC - 1 A y 7 9  





Barnilcon County borrow area corn y i e l d s ,  l979-80. 

PLOT ALFALFA " iP '§OIL  T I L L A G E  M A N U R E  



Hamilton County borrow area soybean yields, 1979 

P L O T  A L F A L F A  TOF'ShlI  L H I L.L.AGE MAhlBWE Y I E L D 7 3  



Hamilton County borrow area soybean yields, 1980. 

PLOT ALF ACF A TOPSOIL. rrLhnGF M A N U R E  Y i e l d  80 



Hamilton County borrow area alfalfa hay yields, 1980. 

. e 

FL O 7- A Q F  ALF A T(PIBSOTL T I l  L A G €  MANURE Y I E L D R O  





Hamilton County borrow area corn  yields, 1981. 6 3  

Pi.. 0 T 

1 0 1  

A L F A L F A  T I L L A G E  PRATE 



Hamilton Councy borrow area corn  yields, 1481 (continued). 6 4  

PI. O T  A L F A L F A  P R A T E  



65 
Hamilton County borrow area soybean yields, 1981 

P L O T  A L F A L F A  TOPSOI L T I L L A G E  MANURE P R A T E  Y I E L D B I  



66  
Hami l ton  CounEy borrow a r e a  soybean  y i e l d s ,  1981 ( c o n t i n u e d )  

A L f  A L F A  T I Q L A G F  MANURE P R A T E  P L O T  
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Lee County borrow area corn y i e l d s ,  1980. 

PLOT A L F A L F A  



Lee County borrow area corn yields, 1981, 7 0 

PLOT A L F A L F A  B O ~ S Q H L  TlLLAGE MANURE Y I E L D S 1  



Lee County borrow a r e a  soybean y i e l d s ,  1981. 7 1 

PLOT A L F A L F A  T O P S O I L  T I L L A G E  



N o r t h  

tile lines 

7-----i 
D e p t h  t o  t i l e  

4 feet  

3 f e e t  

2 f e e t  

1 foo t  

F i g u r e  6. H A M I L T O N  COUNTY BOWROW A R E A  T i L E  
D R A I N A G E  PLOT SAMPLlNG LAYOUT,  HR- 186  


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



