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Kentucky farmers were among t h e  f i r s t  i n  t h e  U.S. t o  adopt no-
tillage, and t h e  p r a c t i c e  has grown r a p i d l y  i n  t h e  state,  p a r t i c u l a r l y  o r  
product ion o f  corn and soybeans. I t s  inherent  advantages i n  c o n t r o l l i n g  
s o i l  erosion; conserving s o i l  water; saving time, labor, t r a c t o r  fue l ,  and 
machinery costs; and improving t ime l i ness  i n  p l a n t i n g  double-cropped 
soybeans have been major f a c t o r s  accounting f o r  t h e  rap id  adoption o f  no-
t i l l a g e .  The est imated acres o f  n o- t i l l a g e  corn and soybeans p lanted i n  
Kentucky from 1969 through 1985 are show i n  Table 1. 

The c u r r e n t  n o- t i l l a g e  research p ro jec ts  i n  Kentucky are  i n  several 
broad categories, i n c l u d i n g  (1) long- term e f f e c t s  o f  n o- t i l l a g e  and o the r  
conservat ion t i l l a g e  p rac t i ces  on s o i l  p roper t i es  and crop p roduc t i v i t y ,  
( 2 )  r o l e  o f  legume cover crops i n  no- t i l lage,  (3) N management f o r  improved 
e f f i c i e n c y  i n  n o- t i l l a g e  systems, (4 )  weed c o n t r o l  f o r  n o- t i l l a g e  crop 
product ions ( 5 )  e f f e c t s  of  t i l l a g e  on s o i l  e ros ion  and r u n o f f  water 
qua l i t y ,  (6 )  product ion o f  bu r ley  tobacco using n o- t i l l a g e  and reduced 
t i l l a g e ,  and (7 )  n o- t i l l a g e  cropping systems and ro ta t ions .  

Lona-term No- t i11aae and Conventional T i l l a ae 

Corn has been grown cont inuously w i t h  n o- t i l l a g e  and conventional 
t i l l a g e  on a Maury s i l t  loam s o i l  s ince 1970. Average g r a i n  y i e l d s  dur ing  
t h a t  t ime are shown i n  Table 2. A f t e r  15 years, t he re  was a t rend  toward 
d e c l i n i n g  y i e l d s  w i t h  a l l  N ra tes  and both t i l l a g e  treatments, however, t h e  
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Table 1. 	 Acres o f  No- t i l l age  Corn and Soybeans Planted i n  
Kentucky, 1969-1985. 

-
N o- t i l l  corn N o - t i l l  sovbeans Corn and sovbeans 

Acres o f  Acres o f  Tota l  acres n o - t i l l  
Y - be ns 

1000) 1000) 1000) 

1969 80 
1970 133 
1971 213 
1972 204 
1973 250 
1974 330 
1975 300 
1976 277 
1977 248 
1978 150 
1979 173 
1980 248 
1981 3 16 
1982 336 
1983 265 
1985 443 

7.4 30 6.2 110 
12.0 50 9.0 183 
16.0 110 15.0 323 
18.0 197 21.1 401 
21.6 300 28.9 550 
26.6 320 30.5 65 0 
22.6 350 30.4 65 0 
18.0 308 28.0 585 
15.0 338 25.0 586 
9.5 300 21.4 450 

12.0 464 27.0 637 
15.0 495 30.0 743 
18.8 570 34.0 886 
20.0 595 35.0 931 
23.1 545 34.0 810 
24.6 385 33.8 828 

Estimates by U n i v e r s i t y  o f  Kentucky Agric.  Extension g r a i n  s p e c i a l i s t s  
f o r  a l l  years except 1981, 1983, and 1985, which were determined by a 
survey conducted by t h e  Kentucky Crop and L ivestock Report ing Service 
(1981) and est imates by Conservation T i l l a g e  In format ion  Center (1983 
and 1985). 

Table 2. 	 Average Corn Grain Y ie lds  During 16 Years o f  No- t i l l age  and 
Conventional T i l l a g e  (1970-1985). 

N rate, &!acre 
T i l l a g e  t r e a tment 0 75 150 300 ---------Grain y ie ld ,  

No- t i l l age  71 114 125 128 
Conventional t i l l a g e  84 118 120 126 

most notable change was t h e  reversal  o f  t h e  response o f  n o- t i l l a g e  and 
conventional t i l l a g e  corn t o  t h e  low N f e r t i l i z e r  rates. During t h e  f i r s t  
t e n  years, conventional t i l l a g e  t reatments a t  t h e  low N f e r t i l i z e r  ra tes  
always produced higher g r a i n  y ie lds .  However, s ince 1980 wi thout  N 
f e r t i l i z e r ,  n o- t i l l a g e  corn y i e l d s  have n o t  been s i g n i f i c a n t l y  d i f f e r e n t  
from y i e l d s  o f  conventional t i l l a g e  corn, and i n  1984 and 1985, the re  was a 
s t rong t rend  toward h igher y i e l d s  w i t h  no- t i l lage.  The h igher organic 
mat ter  and organic N l e v e l s  observed w i t h  n o- t i l l a g e  now appear t o  be 
c o n t r i b u t i n g  more t o  t h e  N needs o f  t h e  corn crop than i n  t h e  case o f  
conventional t i l l a g e .  
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A f t e r  10 years, t h e  organic mat ter  content  i n  t h e  sur face 2 inches o f  
s o i l  rece iv ing  annual app l i ca t i ons  o f  150 lb /ac re  f e r t i l i z e r  N was 4.82% 
f o r  no- t i l lage,  2.40% f o r  conventional t i l l a g e  and 5.1856 f o r  t h e  adjacent, 
n o n t i l l e d  bluegrass sod. The h igher  amount o f  organic mat ter  near t h e  s o i l  
sur face w i t h  n o- t i l l a g e  than w i t h  conventional t i l l a g e  can be a t t r i b u t e d  t o  
t h e  l ack  o f  mechanical mix ing o f  p l a n t  residues i n t o  t h e  s o i l  and slower 
decomposition o f  organic matter.  

3 The method o f  t i l l a g e  d i d  n o t  a f f e c t  bulk dens i ty  (1.25 and 1.29 
g/cm f o r  n o- t i l l a g e  and conventional t i l l a g e ,  respect ive ly ) ,  b u t  hyd rau l i c  
c o n d u c t i v i t y  was 0.75 inches/hour f o r  n o- t i l l a g e  and 0.59 inche/hour f o r  
conventional t i l l a g e .  Th is  suggests g rea te r  pore c o n t i n u i t y  and poss ib l y  
more l a r g e  pores i n  t h e  n o- t i l l a g e  s o i l .  

S o i l  a c i d i t y  increased more r a p i d l y  i n  no- t i1lage than conventional 
t i l l a g e  and was c l o s e l y  r e l a t e d  t o  t h e  amount o f  N f e r t i l i z e r  applied. As 
a c i d i t y  increased, exchangeable calc ium and magnesium decreased, e s p e c i a l l y  
c a l c i  um, and exchangeable al umi num and manganese increased greatly. 
Exchangeable aluminum i n  t h e  sur face 2 inches o f  t h e  unlimed s o i l  ranged 
from 2 t o  30 t imes h igher  under n o- t i l l a g e  than conventional t i l l a g e ,  
making aluminum t o x i c i t y  a ser ious  t h r e a t  t o  crop p r o d u c t i v i t y .  The h igh 
a c i d i t y  and, probably t o  some ex tent  t h e  h igh  organic matter, decreased 
a c t i v i t y  of t h e  t r i a z i n e  herbicides, r e s u l t i n g  i n  poor weed con t ro l .  The 
a c i d i t y  problems were cor rec ted by sur face app l i ca t i ons  o f  l ime. 

Exchangeable potassium i n  t h e  sur face 2 inches was about t w i c e  as 
h igh under n o- t i l l a g e  as conventional t i l l a g e .  The Maury s o i l  on which 
t h i s  study was conducted has a very h igh  l a b i l e  phosphorous content, end we 
d i d  no t  apply phosphorus f e r t i l i z e r ,  bu t  i f  we had, h igher l e v e l s  o f  s o i l  
phosphorus would be expected t o  accumulate near t h e  sur face as potassium 
d i d .  Th is  d i s t r i b u t i o n  p a t t e r n  does no t  appear t o  be a problem i n  crop 
product ion and may a c t u a l l y  increase a v a i l a b i l i t y  o f  phosphorus. The 
h igher  s o i l  water content  near t h e  surface under n o- t i l l a g e  enhances 
phosphorus d i f f u s i o n  and encourages r o o t  prol i f e r a t i o n  i n  t h a t  zone. 

Another experiment was begun i n  1983 t o  study t h e  e f f e c t s  o f  d isk  
t i l l a g e  and chisel- plow t i l l a g e  along w i t h  n o- t i l l a g e  and conventional 
t i l l a g e .  Measured p roper t i es  and y i e l d s  t o  date suggest t h a t  t h e  e f f e c t s  
of d i sk  t i l l a g e  and chisel- plow t i l l a g e  are between t h e  extreme cond i t ions  
of n o- t i l l a g e  and conventional t i l l a g e  and are c l o s e l y  re la ted  t o  t h e  
amount o f  s o i l  disturbance and res idue l e f t  on t h e  surface. 

Long-Term Sovbean Tillage Study 

A long- term study comparing t i l l a g e  methods f o r  single-cropped and 
double-cropped soybeans was i n i t i a t e d  a t  Pr inceton i n  1980 and continued 
through 1985. T i l l a g e  methods f o r  both cropping systems inc lude:  
(1) conventional t i l l a g e  (plow, d isk  and ro te r ra ) ,  ( 2 )  minimum t i l l a g e  
( c h i s e l  plow and f i e l d  c u l t i v a t e ) ,  and (3) no- t i l l age .  Y i e l d s  a r e  shown i n  
Table 3. 



Table 3. 	 E f f e c t s  o f  T i l l a g e  on Y i e l d  o f  Single-Cropped and Double-
Cropped Soybeans (Average o f  1980-1985). 

svstem T i l l a ge d Y i e l d  

S ingle-crop Conventional t i l lage 
Min i  mum ti11age 
No-t 11age 

Double-crop Conventional t i l lage 
M i  n imum t i11age 
No- ti11age 

bu/acre 

35 
35 
36 
24 
26 
27 

A f te r  s i x  years, t he re  have been no apparent detr imental  e f f e c t s  o f  
reduced t i l l a g e  on soybean y ie lds .  S o i l  data is c u r r e n t l y  being analyzed 
t o  determine t h e  long- term e f f e c t s  on c e r t a i n  s o i l  propert ies.  

Leaume Winter Cover Crops i n  N o - T i l l a g e 

To ob ta in  maximum b e n e f i t s  from t h e  advantages inherent  i n  t h e  no-
t i l l a g e  system, a w in te r  cover crop is needed t o  produce add i t i ona l  res idue 
f o r  mulch. A legume mulch provides a l l  o f  t h e  advantages o f  a nonlegume 
mulch (e.g., e ros ion  cont ro l ,  increased i n f i l t r a t i o n ,  and decreased 
evaporation), wh i l e  a l so  supply ing a substant ia l  quan t i t y  o f  N t o  t h e  corn 
crop. 

The e f f e c t s  o f  w in te r  cover and N f e r t i l i z e r  on y i e l d  o f  n o- t i l l a g e  
corn from 1977 through 1981 are shown i n  Table 4. Ha i ry  vetch 
s i g n i f i c a n t l y  increased corn g r a i n  y ie ld ,  and i t s  e f f e c t  was s t i l l  apparent 
w i t h  90 lb /acre  f e r t i l i z e r  N. B ig  f lower  vetch, crimson clover, and rye  
cover crops a l so  increased y i e l d s  o f  corn compared t o  corn residue, bu t  
t h e i r  e f f e c t s  were much smal ler  than f o r  h a i r y  vetch. Th is  d i f f e r e n c e  was 
due i n  p a r t  t o  t h e  y i e l d  and N content  o f  t h e  cover crops, as shown i n  
Table 5. Ha i ry  vetch outy ie lded and produced more N than t h e  o the r  cover 
crops, and i n  turn,  enhanced corn y i e l d  t h e  most. 

Table 4. E f f e c t  o f  Cover Treatment and N F e r t i l i z e r  Rates on No- t i l l age  
Corn Grain Y ie ld  (Average o f  1977-1981). 

-
N rate, -

Cover t r e a t m e n t  0 45 90 --------Y ie ld  o f  corn, 

Ha i ry  vetch 102 108 143 
B ig  f lower  vetch 67 105 105 
Crimson c l o v e r  70 91 118 
Rye 64 91 121 
Corn res idue 60 83 104 
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Table 5. 	 Dry Mat ter  Y i e l d  and N Content o f  Cover Crops a t  Corn P l a n t i n g  
(Average o f  1980-1981). 

Y i e l d  o f  N 
Cover crop cover crops % N  content  

tons/  ac r e  

Ha i r y  vetch 2.3 
B i g  f l ower  vetch 0.8 
Crimson c l o v e r  1.1 
Rye 1.5 

l b/acre 

4.1 189 
3.2 52 
2.4 52 
1.15 35 

I n  1984, t h e  p l o t s  o f  t h i s  experiment, which had been i n  continuous 
n o- t i l l a g e  corn, were s p l i t  i n t o  conventional t i l l a g e  and n o- t i l l a g e  
treatments. The average g r a i n  y i e l d s  f o r  1984 and 1985 are shown i n  Table 
6. 	 Without N f e r t i l i z e r  applied, y i e l d s  were considerably h igher  w i t h  
conventional t i l l a g e  than w i t h  no- t i l lage.  However, w i t h  N f e r t i l i z e r ,  
y i e l d s  were about t h e  same f o r  both t i l l a g e  methods, w i t h  a very s l i g h t  
tendency t o  be h igher f o r  no- t i l lage.  Lower N m i n e r a l i z a t i o n  probably 
accounted f o r  lower y i e l d s  under n o- t i l l a g e  w i t h  no N f e r t i l i z a t i o n ,  and 
t h e  b e t t e r  s o i l  moisture cond i t i ons  i n  n o- t i l l a g e  probably accounted f o r  
t h e  t rend  toward h igher  y i e l d s  a t  t h e  h igher N rate.  

Table 6. E f f e c t s  o f  Cover Treatments, N F e r t i l i z e r  Rates, and T i l l a g e  
Methods on Corn Grain Y i e l d  (Average o f  1984-1985). 

N f e r t i l i z e r  

Cover tr ea t me n t  CT NT CT NT 
corn, Y i e l d  o f  

Ha i ry  vetch 113 102 108 115 123 123 
B i g  f l ower  vetch 87 64 121 121 100 109 
Rye 56 45 95 86 110 105 
Corn res idue 64 44 94 90 105 107 

Grain y i e l d s  w i t h  t h e  h a i r y  vetch cover crop t reatment  w i thout  N 
f e r t i l i z e r  were about equal t o  y i e l d s  w i t h  t h e  o the r  cover t reatments and 
150 l b / a c r e  f e r t i l i z e r  N. Our r e s u l t s  i n d i c a t e  t h a t  N f e r t i l i z e r  
a p p l i c a t i o n  t o  t h e  corn should n o t  be decreased s u b s t a n t i a l l y  f o l l o w i n g  a 
legume w in te r  cover crop because t h e  e f f e c t  o f  h a i r y  vetch appears t o  
augment corn y i e l d  r a t h e r  than replace N f e r t i l i z e r  needs. 

Cover crops may dep le te  a v a i l a b l e  s o i l  water and cause poor 
germination, slow seedl ing growth, and e a r l y  water s t ress  dur ing  a d ry  
spring. So i l  water a t  corn p l a n t i n g  (May 14, 1985) i s  shown i n  Table 7 ) .  
Clear ly ,  t h e  p o t e n t i a l  f o r  a ser ious water s t r e s s  existed, bu t  t i m e l y  
r a i n f a l l  averted any problems. 



---------------- 
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Table 7. 	 E f f e c t  o f  Ha i ry  Vetch Cover Crop on S o i l  Water a t  Corn 
Plant ing, May 14, 1985. 

Corn res idue H a i r v  vetch 
S o i l  depth CT NT CT NT

inches water by weight----------------

0-6 24.0 23.5 19.7 21.0 
6-12 20.5 20.5 15.0 14.8 

12-18 22.0 23.5 15.2 15.0 
18-24 24.2 25.5 18.2 17.8 

Shor t l y  a f t e r  being k i l l e d ,  t h e  mulch formed by t h e  cover crops w i t h  
n o- t i l l a g e  began t o  conserve s o i l  water. For example, i n  mid-July 1984, 
s o i l  water i n  t h e  0- t o  6- inch depth was 28% (weight  bas is )  under t h e  h a i r y  
vetch - n o- t i l l a g e  t reatment  and 23% w i t h  t h e  h a i r y  vetch - conventional 
t i l l a g e  treatment. I n  mid-August 1985, s o i l  water was s t i l l  about 2.5 
percentage po in ts  greater  w i t h  h a i r y  vetch - n o- t i l l a g e  than w i t h  h a i r y  
vetch - conventional t i l l a g e .  

N i t rogen  Fer t i l i ze r  Management in No-tillage 

The unique microenvironmental cond i t i ons  and t h e  a p p l i c a t i o n  o f  crop 
residues and s o i l  amendments a t  t h e  s o i l  sur face w i t h  n o- t i l l a g e  g r e a t l y  
i n f l uence  s o i l  f e r t i l i t y  r e l a t i v e  t o  conventional t i l l a g e .  Most o f  t h e  
research i n  Kentucky on improving N f e r t i l i z e r  e f f i c i e n c y  has emphasized 
t h r e e  management tecniques: (1) delayed or  s p l i t  a p p l i c a t i o n  o f  N 
f e r t i l i z e r ,  (2)  subsurface band placement o f  N f e r t i l i z e r ,  and (3)  chemical 
i n h i b i t i o n  o f  n i t r i f i c a t i o n .  

_ _Time of A p p l i c a t i o n. D e n i t r i f i c a t i o n  and leaching are  more l i k e l y  t o  
occur e a r l y  i n  t h e  growing season, because t h e  h igher s o i l  water content  a t  
t h a t  t ime  makes cond i t ions  more favorable f o r  both losses. No- t i l l age  a l so  
enhances p o t e n t i a l s  f o r  both losses. By delay ing most o f  t h e  N f e r t i l i z e r  
f o r  n o- t i l l a g e  f i e l d s  u n t i l  a f t e r  t h e  greates t  p o t e n t i a l  f o r  
d e n i t r i f i c a t i o n  and leach ing has passed, N losses are  l a r g e l y  averted. 
Add i t i ona l l y ,  a v a i l a b i l i t y  o f  t h e  major p o r t i o n  o f  N coinc ides more c l o s e l y  
w i t h  rap id  N uptake demand by corn. Approximately, 98.5 t o  99% o f  t h e  N 
uptake by corn dur ing  t h e  growing season i s  taken up a f t e r  30 days 
f o l  1owing p l  a n t i  ng. 

Our research has shown c l e a r l y  t h a t  delayed a p p l i c a t i o n  o f  N 
f e r t i l i z e r  improves N e f f i c i e n c y  and increases corn y i e l d  w i t h  no- t i l l age ,  
e s p e c i a l l y  a t  t h e  lower ra tes  (Table 8). Y i e l d s  were genera l l y  n o t  
increased by delayed or  s p l i t  a p p l i c a t i o n  with conventional t i l l a g e  (data 
no t  shown). 

Ni t rogen f e r t i l i z e r  recommendations f o r  corn i n  Kentucky inc lude t h e  
recommendation t h a t  t h e  amount o f  f e r t i l i z e r  N can be decreased by 35 
l b / a c r e  f o r  n o- t i l l a g e  corn on moderately wel l- drained so i l s ,  o r  f o r  
conventional t i l l a g e  corn on moderately wel l- drained t o  poor ly  drained 
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Table 8. 	 E f f e c t  o f  Delayed App l i ca t i on  o f  N F e r t i l i z e r  on Y i e l d  o f  No-
t i l l a g e  Corn a t  Nine Locat ions i n  Kentucky. 

F e r t i l i z e r  i ed  
Dra i 75 e 150 

Soi 1 c lass  A t  o l an t  Del A t  a n t  Del 
----------Y i e l d  o f  corn, 

1egheny wd 142 152 166 164 
Baxter wd 176 172 176 184 

1 wd 136 163 197 181-- --Pope wd 1214 1474 
Cavode 138 140 156 148-- --Hampshire mw d 104 131 
Monongahel a mw d 111 127 169 134 
T i l s i t  mw d 106 119 132 126 
T i l s i t  mw d 107 129 129 156 

wd = well-drained; mwd = moderately well-drained; spd = somewhat poor ly  
dra ined. 
80 lb /ac re  N. 

s o i l s  i f  as much as two- th i rds  o f  t h e  N f e r t i l i z e r  i s  appl ied 4 t o  6 weeks 
a f t e r  p lan t ing .  No- t i l l age  i s  n o t  recommended on poor ly  drained s o i l s .  

N F e r t i l i z e r  Placement. Recent research a t  t h ree  l o c a t i o n s  i n  
Kentucky showed t h a t  subsurface banding o f  N f e r t i l i z e r  f o r  n o- t i l l a g e  corn 
was more e f f i c i e n t  than sur face broadcast a p p l i c a t i o n  (Table 9 ) .  Since t h e  
N f e r t i l i z e r  was placed below t h e  zone o f  h igh  organic mat ter  and h igh 
microb ia l  biomass and a c t i v i t y ,  t h e  advantage was probably due t o  a 
decrease i n  both immobi l i za t ion  and d e n i t r i f i c a t i o n .  

Table 9. 	 E f f e c t  o f  N F e r t i l i z e r  Placement on Corn Y i e l d  (Average o f  2 
Years). 

Method of i c a t i o n  
N S u r f  ace Subsurface 

S o i l  f e r t i l i z e r - - - - broadc a band 
lb/acre ---Corn y ie ld ,  bu/acre----

Donerai l  100 114 124 
Pope 80 108 141 
T i l  sit- Johnsburg 75 91 117 

D e n i t r i f i c a t i o n  and leach ing losses o f  f e r t i l i z e r  N are probably most 
i n f l u e n t i a l  i n  l e s s  than wel l- drained s o i l s  dur ing  wet years. On t h e  other  
hand, immobi l i za t ion  might be l i k e l y  t o  decrease N f e r t i l i z e r  uptake and 
e f f i c i e n c y  every year under no- t i l l age .  Table 10 shows tha t ,  on a Maury 
s i l t  loam s o i l ,  labe led f e r t i l i z e r  N l o s t ,  presumably by d e n i t r i f i c a t i o n  
and leaching, was about t h e  same i n  n o- t i l l a g e  and conventional t i l l a g e .  



-- 

-62-


Table 10. 	 Fate o f  F e r t i l i z e r  N i n  N o- t i l l e d  and Convent ional ly  T i l l e d  
Maury So i l .  

-------_--I­

__ ----- i L z e r  N -
I n  

N r a t e  T i l l a a e  a r a i n  Immobil ized Los t  
lb/acre -----------------%----------------

75 No-ti11age 23 42 29 
75 Conventional 40 27 26 

150 No-ti11age 29 39 25 
150 Conventional 28 37 27 

However, a t  t h e  lower N f e r t i l i z e r  r a t e  much more o f  t h e  N was immobil ized 
i n  no- t i l lage,  consequently l e s s  was taken up by t h e  p lants.  

I f  t h e  N f e r t i l i z e r  conta ins urea, another p o t e n t i a l  l o s s  i s  averted 
by subsurface banding. Ammonia v o l a t i l i z a t i o n  from surface-appl ied urea 
may range from 0 t o  about 30% o f  t h a t  applied, depending on how soon it 
r a i n s  a f t e r  t h e  app l ica t ion .  

. We have tes ted  t h e  use o f  t h e  n i t r i f i c a t i o n  
i n h i b i t o r s ,  n i t r a p y r i n  (N-Serve) and dicyandiamide (DCD), as another means 
o f  improving t h e  e f f i c i e n c y  o f  N f e r t i l i z e r  i n  n o- t i l l a g e  corn product ion. 
I n  most o f  these studies, n i t r a p y r i n  was sprayed d i r e c t l y  on to  granu lar  
urea and ammonium n i t r a t e  j u s t  be fore  broadcast ing them on t h e  s o i l  sur face 
a t  p l a n t i n g  time. Averaged over several years a t  several l o c a t i o n s  i n  
Kentucky, y i e l d  increases o f  n o- t i l l a g e  corn a t t r i b u t e d  t o  n i t r a p y r i n  were 
genera l ly  near 25% when used w i t h  suboptimum N ra tes  appl ied a t  p lan t ing .  
We obtained no cons is ten t  response t o  n i t r a p y r i n  f o r  conventional t i l l a g e  
corn. 

I n  recent  studies, n i t r a p y r i n  and DCD were appl ied w i t h  ammonium 
su l fa te .  Mon i to r ing  s o i l  N throughout t h e  growing season showed c l e a r l y  
t h a t  both chemicals funct ioned adequately as n i t r i f i c a t i o n  i n h i b i t o r s ,  b u t  
n e i t h e r  a f fec ted  corn y i e l d s  s i g n i f i c a n t l y .  

Other N i t roaen Manaaement Studies 

To determine whether subs tan t ia l  f e r t i l i z e r  N was c a r r i e d  over i n  a 
Pope s i l t  loam s o i l  from app l i ca t i ons  o f  80 and 160 lb /ac re  N f o r  no-
t i l l a g e  corn i n  1984, an experiment was conducted i n  which no f e r t i l i z e r  N 
was appl ied i n  1985. Also, a f e r t i l i z e r  N response curve was determined 
from broadcast app l i ca t i ons  o f  80, 160, and 240 l b / a c r e  N as ammonium 
n i t r a t e .  

The con t ro l  treatment, which received no N f e r t i l i z e r  i n  1985 nor 
dur ing  f o u r  previous years, y ie lded 32 bu/acre. Y ie lds  from p l o t s  which 
had received e i t h e r  80 o r  160 l b / a c r e  i n  1984 were no greater  than t h e  
cont ro l ,  i n d i c a t i n g  no carryover N e f f e c t  on corn y i e l d s  i n  1985. 
F e r t i l i z e r  N broadcast a t  p l a n t i n g  a t  80, 160, and 240 lb /ac re  resu l ted  i n  
y i e l d s  o f  89, 148, and 172 bu/acre, respect ive ly .  
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T i l l a g e  and S o i l  conservat ion 

I n  1984, a s e t  of e ros ion  p l o t s  was es tab l ished a t  Lexington, Ky. on 
a Maury s i l t  loam s o i l  w i t h  8 t o  9% slope t o  study t h e  e f f e c t s  o f  
conventional t i l l a g e ,  chisel- plow t i l l a g e ,  and n o- t i l l a g e  on runof f ,  
erosion, and water q u a l i t y  i n  corn product ion. Some o f  t h e  r e s u l t s  from 
1985 are  shown i n  Table 11. 

Table 11. 	 Runoff, Erosion, and Corn Y ie lds  w i t h  Conventional T i l l age ,  
Chisel-Plow T i l l a g e ,  and No- t i l l age  on Maury s i l t  loam s o i l  (1 
January - 31  December 1985). 

Runoff Soi 1 Corn 
T i l l a a e  l o s s  l o s s  Y i e l d  

acre- inch ton /acre  bu/acre 

Conventional t i l l a g e  
Chisel- pl  ow t i l l a g e  
No-tillage 

1.16 8.00 

0.34 0.18 

0.48 0.16 


125 

126 

133 


Conventional t i l l a g e  resu l ted  i n  t h e  h ighest  r u n o f f  and s o i l  l o s s  by 
far ,  wh i l e  t h e r e  was l i t t l e  d i f f e r e n c e  i n  s o i l  l o s s  from chisel- plow and 
n o- t i l l a g e  treatments. The chisel- plow t reatment  had somewhat lower volume 
o f  runof f ,  probably because o f  t h e  rough sur face l e f t  by chisel- plowing. 
S o i l  l o s s  under conventional t i l l a g e  exceeded by about two t imes t h e  
to le rance  l i m i t  f o r  t h e  Maury s o i l  es tab l ished as T = 4 tons/acre/year by 
t h e  un iversa l  s o i l  l o s s  equat ion (USLE). S o i l  l o s s  was f a r  below t h e  T 
value w i t h  n o- t i l l a g e  and chisel- plow t i l l a g e .  N i t ra tes ,  phosphates, and 
a t raz ine  i n  t h e  r u n o f f  were g rea tes t  f o r  conventional t i l l a g e ;  n i t r a t e s  and 
phosphates were l e a s t  f o r  no- t i l l age ,  b u t  a t raz ine  was s l i g h t l y  h igher i n  
n o- t i l l a g e  r u n o f f  than i n  chisel- plow runof f .  Most o f  t h e  d i f f e rences  i n  
water qual i t y  factors,  however, were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  because 
o f  wide v a r i a t i o n s  i n  t h e  data co l lec ted.  

A s i m i l a r  study was begun i n  1985 a t  Princeton, Ky. w i t h  f i v e  
d i f f e r e n t  t i l l a g e  and cropping systems f o r  soybeans on a Zanesv i l le  s i l t  
loam s o i l  w i t h  7 t o  9% slope and T value o f  3 tons/acre/year. Table 12 
shows t h e  average r u n o f f  and s o i l  l o s s  dur ing  t h e  1985 growing season (15 
May-28 October). No- t i l l age  w i t h  fu l l- season soybeans decreased s o i l  l o s s  
from about 4 tons/acre t o  about 0.20 ton/acre o r  lower. Double-cropping 
soybeans w i t h  wheat was a l so  e f f e c t i v e  i n  decreasing s o i l  loss.  S o i l  l o s s  
was n o t  d i r e c t l y  p ropor t iona l  t o  water loss.  

T i l l a g e- s o i l  e ros ion  research has been conducted s ince 1982 on a 
Lowell s i l t  loam s o i l  w i t h  8 t o  15% slope i n  C lark  County, Ky. Four corn 
t i l l a g e  t reatments were applied, each on a d i f f e r e n t  small  watershed. 
Resul ts  are shown i n  Table 13 f o r  1982-1984. Corn y i e l d  was s i g n i f i c a n t l y  
h ighest  from no- t i l lage,  and s o i l  l o s s  was s i g n i f i c a n t l y  h igher from 
conventional and chisel- plow t i l l a g e  than from n o- t i l l a g e  and d i sk  t i l l a g e .  
S o i l  l o s s  from t h e  watersheds w i t h  conventional t i l l a g e  and chisel- plow 
t i l l a g e  s l i g h t l y  exceeded t h e  to le rance l i m i t  ( T )  o f  3 tons/acre/year. No-
t i l l a g e  and d i sk  t i l l a g e  kept  s o i l  l o s s  f a r  below t h e  T value. 
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Table 12. 	 E f f e c t  o f  Soybean T i l l a g e  and Cropping System on Runoff  and 
S o i l  Loss on Zanesv i l l e  s i l t  loam s o i l .  

and t ge svstem 1oss l o s s  
acre- i

F u l l  season soybeans: 
Conventional t i l l a g e  7.5 4.04 
No-ti11age 2.8 0.19 
No  - t i l l age  i n t o  wheat cover crop 3.0 0.12 

Double-crop wheat--soybeans: 
Conventional lage 5.5 0.51 
No-ti11age 4.2 0.08 

15 May-28 October 1985. 

Table 13.	 Three-Year Average Seasonal S o i l  Loss and Corn Y i e l d  on Lowel l  
s i lt l oam s o i  1 ( 1982-1984 ) .  

T i  11aae t reatment  S o i l  loss Corn Y i e l d  
ton/  ac r e  bu/acre 

No-ti11age 0.10 141 
Chisel-plow t i l l a g e  3.24 113 
Disk ti11age 0.17 127 
Conventional t i l l a g e  3.68 115 

Bur lev Tobacco Product ion Us ing No- t i  llage 

An experiment i n c l u d i n g  n o- t i l l a g e  and conventional t i l l a g e  
techniques f o r  product ion o f  bur ley  tobacco was i n i t i a t e d  i n  1984. I n  no-
t i l l a g e ,  t h e  tobacco p lan ts  were t ransplanted d i r e c t l y  i n t o  k i l l e d  
bluegrass- fescue sod ( a t  Lexington) o r  i n t o  k i l l e d  wheat cover crop ( G r a n t  
County). Transplant  s u r v i v a l  was 96 t o  100% i n  both n o- t i l l a g e  and 
conventional t i l l a g e .  Y i e l d  and average market value o f  l e a f  a re  shown i n  
Table 14. Leaf qua l i t y ,  as i nd i ca ted  by t h e  support p r i c e  o f  federa l  
grade, tended t o  be h igher f o r  n o- t i l l a g e  tobacco than f o r  conventional 
t i l l a g e  tobacco. 

Table 14. E f f e c t  o f  T i l l a g e  on Y i e l d  and Market Value o f  Bur ley Tobacco. 

Leaf v i e l d  Market value 
Lexinaton' Grant C 0 . t Lexi  nato Grant------- ----------$/acre--------

Conventional tillage 2,575 3,175 4,550 4,800 
No-ti11age 2,588 3,375 4,650 5,150 

Average o f  1984 and 1985.
1985 only. 
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We concluded t h a t  n o- t i l l a g e  could be a v i a b l e  management t o o l  i n  t h e  
product ion o f  bu r ley  tobacco, s ince equal y i e l d s  and value were obtained 
w i t h  n o- t i l l a g e  and conventional t i l l a g e  i n  both a d ry  year (1984) and a 
wet year (1985). 

No- tillage Weed Research 

Research i n  Kentucky on weeds and herb ic ides  i n  n o- t i l l a g e  has 
emphasized f o u r  main areas: (1) weed management systems, (2)  herb ic ides  
and t h e i r  pers is tence and movement, ( 3 )  weed popu la t ion  dynamics, and 
( 4 )  weed b io logy  and ecology. 

Development of Weed Managemen t  Systems. An in tens i ve  program o f  
i d e n t i f y i n g  herb ic ides  t h a t  perform s a t i s f a c t o r i l y  i n  n o- t i l l a g e  i s  being 
conducted. Fol i a r  herb ic ides  appl i ed  e i t h e r  be fore  o r  a f t e r  crop emergence 
and s o i l  a c t i v e  herb ic ides  are being tes ted  i n  t a l l  fescue sod, small g r a i n  
cover crops, wheat stubble, and corn res idue f o r  weed con t ro l  i n  corn, 
soybeans, and g r a i n  sorghum. Associated w i t h  these studies, we are  
eva luat ing  low-volume app l i ca t i ons  and var ious  formulat ions i n  an e f f o r t  t o  
develop as many weed c o n t r o l  op t ions  as poss ib le  f o r  n o- t i l l a g e  cond i t ions .  

E f f e c t  o f  T i l l a g e  on Herbic ides and The i r  Pers is tence and Movement. 
During t h e  past  5 years, a lachlor ,  l inuron,  metolachlor o ryza l in ,  
pendimethal in, and t r i f l u r a l i n  have been studied under conventional t i l l a g e  
and n o- t i l l a g e  soybeans t o  determine t h e i r  e f fec t iveness i n  weed con t ro l  
and pers is tence and movement i n  t h e  s o i l .  Weed con t ro l  has g e n r a l l y  been 
as good under n o- t i l l a g e  as conventional t i l l a g e ,  bu t  t h e  depth t h a t  these 
herb ic ides  moved i n  t h e  s o i l  was genera l ly  g reater  w i t h  no- t i l l age .  The 
pers is tence has va r ied  depending on t h e  he rb i c ide  and t i l l a g e  system. 

E f f e c t  o f  T i l l a g e on Weed Population Dvnamics. A long- term study t o  
evaluate no- t i l lage,  minimum t i l l a g e ,  and conventional t i l l a g e  on weed 
populat ions i s  i n  i t s  seventh year. More w in te r  annual and b ienn ia l  
species have been present i n  t h e  minimum t i l l a g e ,  and johnsongrass has been 
more preva lent  under n o- t i l l a g e  and minimum t i l l a g e  than under conventional 
t i l l a g e .  No d i f f e rences  i n  perennia l  o r  annual broadleaf  species have been 
noted among t i l l a g e  systems. S l i g h t l y  fewer species have been found i n  a 
corn and soybean r o t a t i o n  compared t o  e i t h e r  crop grown continuously. 

Weed Bio loav and Ecoloay. Ve lve t lea f  was found t o  be equa l ly  
compet i t i ve  i n  both conventional t i l l a g e  and n o- t i l l a g e  corn, even though 
t h e  emergence o f  v e l v e t l e a f  was delayed i n  no- t i l l age .  The requirements 
f o r  germinat ion o f  eastern b lack nightshade, c u t l e a f  groundcherry, and 
smooth groundcherry are  such t h a t  they have t h e  p o t e n t i a l  t o  e s t a b l i s h  
equa l l y  w e l l  i n  e i t h e r  n o- t i l l a g e  o r  conventional t i l l a g e .  

No- t i l l aae  Grain Croppina Svstems 

Wheat A f t e r  Wheat i s  o f t e n  es tab l ished a f t e r  corn i n  Kentucky. 
N i t rogen management o f  t h e  previous crop, as we l l  as t h e  res idue management 
system used i n  wheat seeding, may be an important  cons idera t ion  i n  N 
management f o r  t h e  wheat crop. No- t i l l age  management o f f e r s  growers t h e  
oppor tun i ty  t o  improve t h e  t ime l i ness  o f  wheat establishment, bu t  
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f e r t i l i z e r  N losses from t h e  e a r l y  spr ing  app l i ca t i ons  t o  wheat are l i k e l y  
t o  be l a r g e r  under n o- t i l l a g e  res idue management. 

An experiment was conducted on a Maury s i l t  loam s o i l  t o  evaluate 
t i l l a g e ,  corn N f e r t l l i z e r  rates, and wheat N f e r t i l i z e r  r a t e s  on N 
n u t r i t i o n  and y i e l d s  o f  wheat. Average wheat y i e l d s  f o r  1983 and 1984 a re  
shown i n  Table 15. A t  lower l e v e l s  o f  N a v a i l a b i l i t y ,  conventional t i l l a g e  
wheat ou ty ie lded n o- t i l l a g e  wheat. A t  r e a l i s t i c  corn N f e r t i l i z a t i o n  
rates, however, no- t i11age wheat equaled o r  outperformed conventional 
t i l l a g e  wheat. The optimum l e v e l  o f  appl ied N, however, was genera l l y  
h igher f o r  t h e  n o- t i l l a g e  wheat. No- t i l l age  wheat appears t o  r e q u i r e  more 
N than conventional t i l l a g e  wheat when N a v a i l a b i l i t y  i n  t h e  s o i l  i s  low. 
On t h e  o the r  hand, when an excessive s o i l  N supply combines w i t h  t h e  
environment t o  increase lodg ing pressure, n o- t i l l a g e  wheat seems l e s s  
l i k e l y  t o  succumb t o  t h a t  lodg ing pressure. 

Table 15. Wheat Grain Y i e l d  Response t o  T i l l age ,  Appl ied N, and P r i o r  
Corn N F e r t i l i z a t i o n  Rate (Average 1983 and 1984). 

. --	 Wheat v i  e l  d 
Corn Wheat No- ti11 Conv. 1------- ------------

0 0 34 50 
40 53 69 
80 63 70 

100 0 45 57 
40 67 62 
80 63 58 

0 58 52 
40 64 52  
80 59 50 

Double-Cropped Wheat and Soybeans . Higher l e v e l s  o f  f e r t i l i z e r s  are 
o f t e n  recommended t o  growers who double-crop. F e r t i l  i t y  requirements have 
been evaluated under continuous n o- t i l l a g e  double-cropping f o r  3 years on a 
Maury s i l t  loam s o i l .  When managed i n  s p l i t  appl icat ion,  on l y  60 l b / a c r e  N 
was required f o r  wheat. Wheat y i e l d s  were increased, b u t  n o t  g r e a t l y  so, 
by increasing s o i l  t e s t  P t o  t h e  'medium-high' range. App l i ca t i on  o f  K 
according t o  s o i l  t e s t  recornmendation inf luenced soybean y i e l d s  very 
s u b s t a n t i a l l y  bu t  on l y  when s o i l  t e s t  K was increased from ' low' t o  
'medium' t e s t  leve ls .  

It i s  apparent t h a t  f e r t i l i z a t i o n  fo r  double-cropping should be based 
on t h e  needs o f  i n d i v i d u a l  crops i n  t h e  system. Wheat i s  more responsive 
t o  P, therefore,  t h e  P f e r t i l i z e r  r a t e  should come from t h e  recommendation 
guide f o r  t h a t  crop. S im i la r l y ,  t h e  K f e r t i l i z e r  r a t e  should be based on 
t h e  needs o f  t h e  soybean crop. These data suggest t h a t it i s n o t  
appropr iate t o  add together  t h e  two s ingle- crop f e r t i l i z e r  r a t e  
recommendations f o r  e i t h e r  P o r  K .  A l l  P and K f e r t i l i z e r  may be appl ied 
p r i o r  t o  wheat p lan t ing .  




