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ABSTRACT 

Experiments were conducted from 1989-91 a t  tho southern I l l i n o i s  
l o c a t i o ~ l s  ( ~ e l l e \ ? i l l e  and Car*bcrndale) t o  eva lua te  t h e  e f f e c t  of res idue  l e v e l s  
un the perfor-mance of  N f e r t i l i z e r s ,  urease i n h i b i t o r s ,  and placenient on t h e  
response of n o - t i l l  con l .  Levels of 0 ,  50, 100, and 200 percent  of e x i s t i n g  
(pre-p lan t )  amounts were e s t ab l i shed  i n  the crop res idues  of previous corn .  
Kitrogen f e r t i l i z e r s  were urea-ammonium n i t r a t e  (UAN) so lu t ion  ( d r i b b l e ,  
i n j e c t i o n .  and s p l i t - a p p l i e d )  and urea (broadcas t -appl ied) .  Yitrogen was 
appl ied  a t  150 l b s / a c r e .  Llrease i n h i b i t o r s  were K-(n-butyl) thiophosphoric  
t r i a n ~ i d e  (NBPT) anrl a~~imonium t h i o s u l t a t e  (ATS) . The h ighes t  l e v e l  of r e s idues  
r e su l t ed  i n  s o i l  tempel-atul-es avelaging about 4 O F  coo le r  than bare s o i l s  
during the i n i t i a l  s i x  weeks of corn growth. Tempesature d i f f e r ences  became 
smaller  between res idue  l e v e l s  a s  crop development advanced. S i g n i f i c a n t l y  
higher  s o i l  moisture was determined i n  s o i l s  with increas ing  l e v e l s  of 
res idues  a t  mid-season crop de\7elopment. 

Ear l e a f  ii compositjon decreased s l i g h t l y  a s  l e v e l s  of r e s idues  
i i lcreased, probabll- due t o  N inirnohilization. Corn y i e l d  decreased o r  remained 
unaffected by increas ing  l e v e l s  of res idues  i n  1989 and 1991. but  i n  1990 
s i g i l i f i c a ~ l t  y i e l d  incseases  were obtained with higher  res idue  l e v e l s .  A t  
B e l l e v i l l e ,  h ighes t  y i e l d s  and e a r  leaf  N percentages were observed wi th  UAN 
t h a t  was in j ec t ion -app l i ed .  The corn y i e l d  from i n j e c t e d  UAN was some 20 
blllacre g r e a t e r  than t h a t  obtained with dr ibble-p laced  UAN and over 40 bu lac re  
g r e a t e r  than those obtained from broadcast u rea .  ATS inc lus ion  with UAN had 
no e f f e c t  on y i e l d  b u t  NBPT addi t ion  t o  UAN r e s u l t e d  i n  about a  4 bu lac re  
increase  over nonali~ended UAN.  S p l i t  a p p l i c a t i o n  of UAX r e su l t ed  i n  corn 
y i e l d s  s imi l a r  t o  those obtained with d r ibb led  U A N .  A t  Carbondale, droughty 
condi t ions  i n  1989 and 1991 r e su l t ed  i n  mostly nons igni f icant  responses t o  N 
sources and i n h i b i t o r s .  However, the s p l i t  UAK app l i ca t ion  r e s u l t e d  i n  
s i g n i f i c a n t l y  higher  y i e l d s  than those obtained froln any o the r  N t rea tment  
when evaluated a t  the 100% res idue  l e v e l .  

INTRODUCTION AND OBJECTIVES 

Crop res idues  occurr ing  a t  the s o i l  su r f ace  i n  a  n o - t i l l  system have a  
s i g n i f i c a n t  impact on the  ph\ .s ical ,  chemical,  and b i o l o g i c a l  p rope r t i e s  of the  
s o i l .  Perhaps the  s i n g l e ,  most important e f f e c t  i s  t h a t  of p ro t ec t ion  of t he  
s o i l  from water and wind eros ion .  Other notab le  e f f e c t s  include enhanced 
water i n f i l t r a t i o n .  reduced r a t e s  of moist-ure evapora t ion ,  and genera l ly  an 
increased supply of p lan t -ava i lab le  water f o r  c rops .  A res idue  cover a l s o  
r e s u l t s  i n  cooler  s o i l  tempel-atures below the mulch which can delay p l a n t i n g  
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and increase  the time f o r  s eed l ing  emergence. Leaching l o s s e s  of so luble  
a n i o n i c  n u t r i e n t s ,  such a s  n i t r a t e s .  a r e  a l s o  enhanced i n  a n o - t i l l  system. 

Crop res idues  a r e  known t o  play an important. r o l e  i n  the  e f f i c i ency  kiith 
which f e r t i l i z e r s ,  e s p e c i a l l y  n i t rogen ,  a r e  11sed by crops .  The microlriall>. 
r i c h  zone a t  ur  near the  s o i l  su r f ace  (induced hy the r e s idues )  can cause 
increased  K inlrnobilizat ion  of su r f ace  appl ied .V f e r t i l  i z e r s  . Furt.hesrnore. i f  
s o i l  moisture is excess ive ,  h igh  X losses  from deni tr . i f  i c a t  ion a r e  known t o  
occur  i n  t h i s  zone. Reduced crop use ef f ic icncy from t-he su r f ace  appl ica t  ion 
of urea  i n  n o - t i l l  systems is an outgrowth of high urease : ~ c t i v i t y  i n  t h e  
s u r f a c e  s o i l  and the  co~lcomi t a n t l y  high ammonia 1-olat i l i z a t  ion lo s ses  tha t  
occur .  

The ob jec t ives  of t h i s  research were t o  s tudy the e f f e c t s  of d i f f e r e l l t  
r e s idue  dens i ty  l e v e l s  on the  performance of urea-arnntouiun~ n i t r a t e  ( C A N )  
s o l u t i o n ,  u rea ,  and urease  i n h i b i t o r  add i t i ves  on n o - t i l l  Lorn. Prease 
i n h i b i t o r s  s tud ied  were N-(11-butyl) t h i o p h o ~ p h o ~ i c  t r  iarnide (?;BPT) and 
ammoniunl thiosu Lfate (ATS) . The treatment  cornpar i sons  a l s o  included placement 
and tirning s t r a t e g i e s .  

MATERIALS AND METEIODS 

Experiments were conduc tecl fro111 1989-1991 t o  eva lua t e  the e f f e c t s  of 
r e s idue  le \ -e l s  on the per-forrnance of N f e r t i l i z e r s  on n u - t i l l  corn .  The study 
s i t e s  were the B e l l e v i l l e  Research Center (BRC) and the Carbondale Ag~.onomy 
Research Center (.ARC) cln Iva  s i l t  loam ( f i n e - s i l t y .  mised rnesic, .I\eric 
Ochraqualfs)  and Stoy s i l t  loam ( f  i n e - s i l ~ l - ,  mixed, mesic,  Aquic Hapludalfs) 
s o i l s ,  respect  ivel?;. The pr-evious C:L'OII was no- t i l l  corn a t  each loca t ion  f o r  
each years of the s tudy.  

Four residue l e v e l s  were e s t ab l i shed  each year of t he  study by removing 
r e s idues  f rot11 se l ec t ed  p l o t s  (t iesignated a s  0% le17e.l u f  r e s  itlues) and adding 
those  t o  the e x i s t i n g  res idues  on o the r  p l o t s  t o  give A 200% residue l e v e l .  
Othes p l o t s  had about one-half of  the r e s idues  rernoved t o  give p l o t s  
des igna ted  a s  50% res idue  cover .  Remaining p l o t s ,  des igna ted  a s  100% residue 
cox-el., were l e f t  undisturbed with respec t  t o  e x i s t i n g  r e s idues .  Therefore,  
res idue  l e v e l s  of 0 ,  50,  100, and 200 percent  were i n  p lace  approsimately one 
month p r i o r  t o  corn p l a n t i n g .  Over the  3-yeale period of s tudy ,  amounts of dry 
ma t t e r  per  ac re  t h a t  were p re sen t  following redistribution ranged a s  follows: 

Residue 
Level  B e l l e v i l l e  Carbondale 

-------------- pounds/acl.e--------------- 
n e g l i g i b l e  neg l ig ib l e  
2.900-3.600 2,800-3,800 
4,900-6.600 4,500-6.300 
9,800-13,200 9,000-12,600 

F e r t i l i z e r  t reatments  were appl ied  following p l an t ing  and,  except f o r  
t h e  "weed and feed" treatnrent , were appl ied  a t  approx inlat.ely the 2-3 coy11 I.e:if 
s t a g e .  A complete l i s t i n g  of the  f e r t i l i z e r  t rea tments  included i n  t h i s  
r e p o r t  is gi\ven i n  Table 1. Anlmonium s u l f a t e  a t  50 pounds per  acre  was 
broadcast  a s  a blanket  a p p l i c a t i o n  over a l l  t rea tments  t o  minimize a poss ib le  
s u l f u r  response t h a t  may be e l i c i t e d  by XTS. 



A l l  N f e r t i l i z e r  t reatnients  occurred i n  f a c t o r i a l  combinations with 
res idue  l e v e l s ,  e:iiepL f o r  treatment nutnber 7 which occurred only a t  the  100% 
sesidue le \ .e l .  A randomizecl complete block des ign  was employed with s i x  

The corn hybritl planted a t  each l o c a t i o n  was Pioneel' 3471 i n  
1989 and 1990 and Pioneer 3394 i n  1991. 

RESULTS AND DISCUSSION 

E f f e c t  of Residues on S o i l  Moisture,  S o i l  S t r eng th ,  and ' l 'em~erat~re 

Soi 1 1,1ois t u re  was de tern~ined  dur i ~ l g  rn id-gi-oriing season a t  Carbondale i n  
bo th  1990 (Table 2)  and 1991 (Table 3 ) .  For both years  higher  moun t s  of s o i l  
i ~ i o i ~ t u ~ t ?  kere found with increas ing  l e v e l s  of r e s idues .  The d i f f e r e ~ l c e s  were 
g rea t e s t  A t  the 0-4 incll s o i l  rleptli with sma1l .e~ d i f f e rences  found a t  t h e  4-8 
inch depth (Table 3 ) .  F:educed r a t e s  o f  moisture evaporat ion from the s o i l ,  
r e su l t i ng  from g r e a t e r  amounrs of res idues ,  were l i k e l y  respons ib le  f o r  t h e  
d i f f e r ences .  

S o i l  s t r eng th  a s  measured by penetrometer r e s i s t ance  i n  the 0-2 inch 
depth ria5 a l s o  s i g n i f  i can t l l -  influenced by res idue  l e v e l  i n  1390 measure~nents 
a t  Carbondale (Table 2 ) .  Higher Lere found with lower amounts of 
residue on the sus f sce .  The h i g h  r e s i s t a n c e  found i n  the 0% res idue  l e v e l  
p l ~ ~ t s  rias 1 ike1.y the  consequence of heavy r a i n f a l l  following r e d i s t r i b u t i o n  
of residues which caused compacti.on of the bare  s o i l .  However, bulk densi ty  
was not  inf luenced by these  f ac to r s  (Table 2 ) .  

Residue l e v e l  had a s igr i i f ican t  i~upac t  on s o i l  temperature. A s  shown 
i n  Figure 1 , the  g r e a t e s t  d i f f e r ence  i n  temperature imparted by sesiclues was 
o l ~ s e i . ~ e d  e a r l y  i n  the  gl-owing seascxi (~aicl-May) and w a s  followed by more nasrotc 
d i f f e r ences  as cr-op development and shading of t he  s o i l  became apparent .  
During t-he period of temperature nleasusement , t he  200% res idue  l e v e l  averaged 
nea r ly  4OF cooler  than res idue- f ree  pl.ots (Table 3 ) .  The lower temperature 
would delay germinat i o n ,  elnergence , and eal.1. roo t  development, A d d i t i o ~ l a l l y  , 
r a t e s  of microbial  a c t i v i t y  would be reduced and may impact such psocesses  as 
n i  t r i f i c a c i o n .  deni  t r i f i ca t l i on  and Y immobilization. 

E f f e c t s  of Residues,  N F e r t i l i z e r s ,  and Tnhib i tors  on Leaf N Com~osi t ion  and 
Grain Yields .  

Generally lower l ea f  N compositions were found t o  occur with inc reas ing  
l e v e l s  of residiies a t  both loca t ions  when averaged over the 3-yeas s tudy 
(F i g l r e  2 ) .  The reduct ion j n leaf  N was about 0 . 1  percent  when the  0% and 
200% l e v e l s  here  con~pared. I ~ ~ ~ n ~ o b i l i z a t i o n  of N as soc ia t ed  with higher  amounts 
of s u b s t r a t e  carbon and decomposition (microbia l )  a c t i v i t y  probably accounted 
the  reduced l ea f  S i r l  p l an t s  gl-owing i n  the high res idue  environment. 

Grain y i e l d  a s  a f f e c t e d  by residue l e v e l s  showeti considerable  v a r i a t i o n  
among >-ears (F igure  3 ) .  A t  Bell e v i l l e  , i nc reas ing  l e v e l s  of ses idues  r e s u l t e d  
i n  s ignif ican t  1-ield decreases  i n  1989. H o ~ e v e r  , i n  1990 s i g n i f i c a n t  
increases  i n  gr-ain y i e l d  c~ccusred a t  rhe h igher  ses idue  l e v e l s  a t  both 
loca t ions .  The 1990 growing season was very unusual i n  t h a t  p l an t ing  was 
delayed unt i 1 mid-June because of excess ive  r a i n f a l l .  Addi t iona l ly ,  heavy 
r a i n s  i n  May caused considesable  compaction of the  su r f ace  s o i l  ( t h a t  vas  ba re  
of residues)  a s  evidenced by the penetsc,r~ieter r e s u l t s  given i n  Table 2.  The 



b e n e f i c i a l  e f f e c t s  of the  200% res idue  l e v e l  r e s u l t e d  i n  near ly  a  20 bulacre 
y i e l d  incrmease over- the 0% res idue  l e v e l  a t  Carbondale. A t  Be l l e \ ' i l l e ,  the  
.;aele compar'ison revealed a 10 bulacre  y i e l d  increase i n  favor  of the h ighes t  
residue l e v e l .  An inverse  r e l a t i o n s h i p  was observe a t  Carhondale i l l  1990, in 
t h a t ,  N i n  e a r  leaves was found t o  decrease with h igher  sesidue l e v e l s  bu t  
g r a i n  yielcls tended t o  increase .  The leaf  N con~posi t i o n  was not  lowered below 
the  " C r i t i c a l  I.evelW even a t  h ighes t  sesidue l e v e l  and g r e a t e r  yielcls were 
obser-ved a t  each success ive ly  higher  l eve l  of res idues .  

The behavior of N f e r t i l i z e r s ,  i n h i b i t o r s ,  and placements i n  r e l a t i o n  
t o  res idue  l e v e l s  is  shohn i n  Figure 4 f o r  B e l l e v i l l e  and Figure 5 a t  
Carbondale f o r  the 3-year. s t u d i e s .  A t  E e l l e v i l l e ,  (Figure 4) c l e a r l y  t he  
i n j e c t  ion method of l1AS placement was superior.  t o  d r i b b l e  placement, 
r ega rd l e s s  of the use of S B P T  o r  A T S .  Also, urea t h a t  has broadcast uas  
c l e a r l y  i n f e r i o r  t o  a l l  o t h e r  5 sources o r  placeriients. 

The higher l e v e l s  of res idues  had a  more negat ive  e f f e c t  on y i e l d s  f o r  
t h e  urea and the con t ro l  t rea tments  than a l l  o t h e r s  a t  E e l l e v i l l e  (Figure 4 ) .  
This  was probably the r e s u l t  of higher i rnn~obil izat ion of ?; f o r  the usea 
(broadcast-appl ied)  and 0-N t reatments  a s  we l l  a s  higher a~n~no~l ia  
v o l a t i l i z a t i o n  lo s ses  wi th  the  urea N source i n  t he  pr-esence of higher  
r e s idues .  Inclitsicsn of .ATS with UAIi had no e f f e c t  on y i e l d  but NBPT addi t ion  
t o  UAN r e su l t ed  i n  an average inc rease  of 4 bu lacre  (Figure 6 ) .  The s p l i t  CAN 
a p p l i c a t i o n  ( app l i ed  a t  the  100% residue l e v e l  on ly )  was not  any d i f f e r e n t  
than a  d r ibb le  a p p l i c a t i o n  of UAN a t  p l an t ing  t ime.  Ear leaf  N r e s u l t s  a s  
a f f e c t e d  by N sources and i n l - 1 i b i t . o ~ ~  followed the salne generxl  pa t t e rn  a s  
y i e l d s  a t  Bel- levi l le  (Figure 7 ) .  

Ef fec t s  of res idue  l e ~ ~ e l s  on ?; f e r t i l i z e r s ,  i n h i b i t o r s  and placements 
a t  Carbondale a r e  shown i n  Fi&wre 3 .  l ' i e lds  were g r e a t l y  seduced i n  both 1989 
and 1991 by severe sunllner dryness .  Consequently. y i e l d  d i f f e r e l ~ c e s  due t o  
i n h i b i t o r s  and placenrents were sma l l ,  r ega rd l e s s  of the  l e v e l  of residue 
eva lua ted .  O f  s p e c i a l  note  has  t h e  s p l i t  UAN applicat. ion (appl ied  a t  the 100% 
res idue  l e \ . e l  only)  being the  h ighes t  y i e l d i ~ l g  t reatment .  A s  seen in  Figure 
6 ,  urea t h a t  was broadcast  r e s u l t e d  i n  the lowest r e l a t i v e  y i e l d s .  A s imi l a r  
p a t t e r n  o f  l e a f  N con~pos i t ion  has observed a t  Carbondale a s  was observed a t  
B e l l e v i l l e  with respec t  t o  K sou rces ,  i n h i b i t o r s ,  and placements (Figure 7 ) .  
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Table 1. F e r t i l i z e r  t.reatments appl ied over 0 .  50.  100, and 200 percent 
res idue  l e v e l s  a t  Bellevi1l.e and Carbondale i n  1989- 1991 
experiments.  

Treatment 
K O .  
1 
2 
3 
4 
5 
6 
7  

N source1 I n h i b i t o r 1  ( ~ l a c e a e n t  l 2  
-- 

UAbi (Dr ibble)  
UAN + NBPT (Dribble)  
UAIi + A T S  (Dribble)  
UAN ( I n j e c t )  
Urea (Broadcast)  
LlAN ( S p l i t :  112 Keed 6; Feed and 

1 /2  Sidedr-ess-dribble) 

' Includes N from 50 l b s  of ammonium s u l f a t e  per  a c r e  appl ied  over a l l  
treatnlents.  

-UAK source was 28-0-0 obta ined  from Tri-County Chemical Co. , Eldorado, I L .  
NBPT has appl ied a t  1 . 0  l b  per  acre a s  a  mixture with UAN. ATS was a p p l i e d  
a t  a  10 pescent volume: volume b a s i s  with t h e  N s o l u t i o n .  Dribble placement 
{Gas appi-osis~ately 6 inches from 30-inch spaced corn rows. I n j e c t i o n  was t o  
abaut 5 inches depth a t  about 6 inches from corn rows using an appara tus  
s inr i lar  to t h a t  descr ibed  by Berrjas~in e t  a l .  . (1988).  Treatment No. 7  a l s o  
included 7-21-7 a s  a  " s t a r t e r "  a t  p l an t ing  and was appl ied  only t o  t he  100% 
zesidue l e v e l .  



Table 2.  The e f f e c t  of res idue  dens i ty  l e v e l s  on s o l  1 moisture,  bulk dens i ty ,  
and penetrometer r e s i s t a n c e  i n  no- t i l l  corn a t  Carbondale on Ju ly  
16 ,  1990. 

S o i l  PropertvL 
S o i l  hloisture Bulk Pent ronieter 
by %eigh t  Density Resis tance 
(0-4 " )  (0-4") (0-2") 

' ~ e s i d u e  l e v e l :  0% = res idues  removed; 50% = '50% ren~oval of e x i s t i n g  
r e s i d u e s ;  100% = pre-plant  amount (no niodif icat ion):  200% = double e x i s t i n g  
r e s idues  (taken from 0% p l o t s ) .  

'?leans i n  columns followed by l e t t e r s  i n  cosrnon a r e  not s i g n i f i c a n t l y  
d i f f e r e n t  a t  the 5 percent  l e v e l  by the Duncan's Mul t ip le  Range Tes t .  

Table 3 ,  The e f f e c t  of r e s idue  dens i ty  l e v e l s  on average s o i l  temperature 
(?fay 13-June 20. 1991) and s o i l  moisture a t  d i f f e r e n t  depths on J u l y  
2 5 ,  1991 i n  n o - t i l l  corn a t  Carbondale. 

Residue 
Level 1 

S o i l  
f en~perature 
( a t  4"  depth,  noon) 

S o i l  YoisFure 
by weight- 
(0-4")  (4-8") 

1 
'Residue l e v e l :  0% = r e s idues  removed; 50% = '50% removal of e x i s t i n g  

r e s idues :  100% = pre-p lan t  amount (no modi f ica t ion) ;  200% = double e x i s t i n g  
res idues  ( taken from 0% p l o t s ) .  

1 

'Means i n  columns followed by Le t t e r s  i n  common a r e  noL s i g n i f i c a n t l y  
d i f f e r e n t  a t  the 5 percent  l e v e l  by t h e  Duncan's Mult iple  Range Test.  



Figure 1. The Influence of Residue Levels on Noon-day Soil 
Temperature at the four-inch Depth, May 13 to 
June 20, 1991. 
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Figure 2. Effect of Residue Density Levels on Ear Leaf N Composition 
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Figure 3. Effect of Residue Density Levels on Corn Grain Yields 

Belleville Research Center. 
1 50 

1 989 1990 1 991 1 989-91 

Year 

Carbondale Agronomy Research Center 

1 989 1 990 1 991 1 989-91 

Year 
Residue Densitv Level @) 





.saBeJa~V ( 166 1-686 1) J E ~ A  E 
'~alua3 q3~easau Aurouo~6y alepuoqJa3 'slaAa1 anp!sau JuaJa#!a 

JE spla!A UJO=> I ~ ! ~ - O N  uo s~o$!q!qul pue sJaz!l!yaj N 40 pa443 's a ~ n 6 ! j  



Figure 6. Effect of N Fertilizers and lnhibitors on No-Till Corn Yields over all 
Residue Levels at Belleville and Carbondale, 3yr (1989-91)Average 

N Rate: 150 Ibs NIAcre 
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Figure 7. Effect of N Fertilizers and lnhibitors on Ear Leaf N Composition over 
Residue Levels at Belleville and Carbondale, 3yr (1 989-91)Average 

N Rate: 150 Ibs NIAcre 
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