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EFFECTS OF TILLAGE SYSTEMS AND CROP ROTATION ON CROP PRODUCTION 

Long-term experiments were es tabl ished i n  1984 a t  one Coas t a l  P la in  loca
t i o n  and one Piedmont l o c a t i o n  t o  evaluate the e f f e c t s  of t i l l a g e  system and 
crop r o t a t i o n  on c e r t a i n  s o i l  chemical and physical  p roper t i e s  and t h e i r  
r e la t ionsh ip  t o  crop growth and development. The 1985 growing season marks 
t h e  completion of one cycle o f  each r o t a t i o n  (10). The first experiment 
consisted o f  two r o t a t i o n s  (continuous corn and corn-soybeans) and th ree  
t i l l a g e  systems (continuous conventional t i l l a g e ,  continuous no- t i l lage ,  and 
annually a l t e r n a t i n g  conventional t i l l a g e  and no- t i l l a g e ) .  A second experi
ment consisted of a corn-wheat-soybean r o t a t i o n  with four t i l l a g e  systems: 1 ) 
no- t i l lage  f o r  a l l  crops, 2) conventional t i l l a g e  f o r  a l l  crops, 3 )  no-
t i l l a g e  f o r  soybeans only,  and 4 )  no- t i l lage  f o r  corn and soybeans. A l l  
t i l l a g e  and r o t a t i o n a l  sequences were f u l l y  es tabl ished i n  1985, consequent
l y ,  only 1985 r e s u l t s  w i l l  be discussed. Corn y ie ld  was s i g n i f i c a n t l y  in-
creased by no- t i l l age  a t  the  Piedmont loca t ion  but  was unaffected by t i l l a g e  
a t  the  Coastal P la in  loca t ion  (Table 1 ) .  Full-season soybean y ie lds  were 
a l s o  unaffected by t i l l a g e  a t  both locat ions .  Both corn and soybeans showed 
no response t o  t i l l a g e  i n  the  previous year. Although da ta  a r e  not present
ed, corn y i e l d s  were not  influenced by the  previous crop a s  well.  Grain 
y ie ld  r e s u l t s  f o r  t h e  three-crop r o t a t i o n  a t  the  Piedmont loca t ion  a r e  shown 
i n  Table 2. A s  with the  two-crop r o t a t i o n ,  the  corn y ie ld  response was 
h ighly  s i g n i f i c a n t  i n  favor  of n o- t i l l  (9.1 vs 5.6 Mg Double-cropped 
soybean y ie lds  were a l s o  increased by no- ti l lage.  I n  c o n t r a s t ,  t h e  only 
s i g n i f i c a n t  dec l ine  i n  g ra in  y ie ld  due t o  no- t i l lage  was with the  wheat crop 
i n  the  r o t a t i o n  (7 .5  vs 4.0 Mg Ti l lage  i n  the previous crop d i d  not 
appear t o  have any e f f e c t  on 1985 g ra in  y ie ld  r e s u l t s .  The e f f e c t  of t i l l a g e  
system on s o i l  compaction was a l s o  monitored i n  se lec ted  treatments and some 
of these  r e s u l t s  a re  presented i n  Table 3. After two years of  maintaining 
various t i l l a g e  systems and control led  t r a f f i c  pa t t e rns ,  s o i l  i n  the untraf
f icked interrow area was compacted t o  a g r e a t e r  degree i n  t h e  n o- t i l l  system 
compared t o  conventional t i l l a g e  a t  both locat ions .  However, on the b a s i s  of 
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equal. o r  super ior  y ie ld  r e s u l t s  i n  the n o- t i l l  systems, i t  i s  not  l i k e l y  t h a t  
these  increased bulk densi ty  values were much o f  a l imi t ing  f a c t o r  t o  crop 
performance and overa l l  g ra in  y ie lds .  It i s  of g rea t  i n t e r e s t  t o  continue 
monitoring t h i s  p a r t i c u l a r  aspect  of these  s t u d i e s  (10). 

Table 1 .  E f fec t  of t i l l a g e  on corn and soybean yie lds .
Location __ Location 

T i l l age  T i l l a g e  Coastal P l a i n  Piedmont Coastal P l a i n  Piedmont 
Soybeans---------

NT 9.7 7.4 2.5 
NT CT 9.9 1.8 

NT 10.1 2.0 
CT CT 10.1 1 ..................... level-----------------------
NT vs.  CT NS 0 NS NS 

Table 2.  E f fec t  of t i l l a g e  on g ra in  y i e l d s  i n  the  three  crop ro ta t ion .  
Ti l lage  Sequence Corn Wheat Soybeans------------------
NT Corn-NT Wheat-NT Soybeans 9.0 3.5 2.9 
NT Corn-CT Wheat-NT Soybeans 
CT Corn-CT Wheat-NT Soybeans 
CT Corn-CT Wheat-CT Soybeans 5.5 1 .9  

level-----------------
NT vs. CT 0 0 0.01 

Table S o i l  compaction a s  af fec ted  by t i l l a g e  system and row posi t ion .  
995 Interrow Area Interrow Area 

T i l l a g e  T i l l a g e  Trafficked Untraff icked Trafficked Untraff icked 

Coastal P l a i n  
NT NT 1.64 1.47 1.62 1.52 
NT CT 1.66 1.76 1.67 1 
CT NT 1.24 1.51 1.22 
CT CT 1.58 1 .25 1.46 1.70
Sample a rea  represents  the  su r face  2-10 of 

SUBSOILING AND COVER CROP INTERACTIONS I N  CORN 

In the  Southeastern Coastal P la in ,  subsoi l ing  i s  done t o  increase the  
access of p lant  r o o t s  t o  ava i l ab le  subsoi l  water. Winter cover crops can 
a l so  a i d  in conserving s o i l  water during the  growing season. This experiment 
examined the i n t e r a c t i o n  of  subsoi l ing  and cover crops on water use,  growth, 
and y ie ld  o f  corn. Three cover condit ions a t  p lant ing (ba re ,  wheat, o r  
crimson clover)  were t e s ted  with and without subsoil ing ( 4 ) .  During e a r l y  
sp r ing  t h e  cover crops depleted surface  moisture s u b s t a n t i a l l y ,  and corn 
planted i n t o  cover grew more slowly. However, by the onset o f  t a s se l ing  (day 
5 9 ) ,  dry matter accumulation i n  cover crop p lo t s  which were subsoiled was 
near ly  t h a t  o f  the  bare p l o t s ,  and t a sse l ing  was delayed only 2 days a s  com
pared t o  4 days f o r  nonsubsoiled cover cover p lo ts .  F inal  y ie lds  were not  
af fec ted  by cover i n  the subsoiled p l o t s ,  but were subs tan t i a l ly  reduced by 
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cover  i n  nonsubsoi led p l o t s .  Data a r e  summarized i n  Table  4 ( 4 ) .  

Table  4. S o i l  wate r  a t  p l a n t i n g ,  above-ground p l a n t  d ry  weigh ts ,  and g r a i n  
y i e l d .  

Cover sub- a t  p l a n t i n g  -days a f t e r  planting y i e l d  
Condi t ion  
Bare 

S o i l i n g
Yes 0.107a 

59 102 
8.0a 86.7a 258.6a 6.5a 

-
Bare no 0.107a 9 . l a  8 O . l a  264.0a 5.7b 
Wheat Yes 0.076c 3.3c 64.6b 264.5a 6.4a 
Wheat no 0.076c 2.7c 57.8b 207.4b 4.5c 
Clover yes 0.081b 4.2b 79.0a 304.9a 6.4a 

S o i l  water" P l a n t  d ry  weight ,  g /p l an t  Grain 

~ 

Clover  no 0.081b 4.0b 58.9b 209.4b 4.3c
* Represen ts  s o i l  wate r  c o n t e n t  i n  t h e  upper  90 cm o f  s o i l .  

WINTER-ANNUAL LEGUMES AND FERTILIZER PLACEMENT METHODS I N  NO-TILLAGE CORN 

S ince  1982, e f f o r t s  have been made t o  eva lua t e  t h e  p o t e n t i a l  o f  winter-
annua l  legumes as n i t r o g e n  sou rce s  and mulches f o r  n o- t i l l a g e  c o r n  produc t ion  
systems i n  t h e  North Caro l ina  Coas t a l  P l a in .  In s i x  experiments, h a i r y  
ve t ch ,  Cahaba White v e t c h ,  A u s t r i a n  w i n t e r  pea and Tibbee c l o v e r  produced 
adequa te  d r y  m a t t e r  and t o p  growth n i t r o g e n  t o  f u n c t i o n  s u c c e s s f u l l y  as  
mulches f o r  n o- t i l l a g e  c o r n  i n  comparison t o  f a l l ow  systems supp l i ed  w i t h  
f e r t i l i z e r  n i t r ogen .  Hairy v e t c h  c o n s i s t e n t l y  produced t h e  h i g h e s t  co rn  
y i e l d s ;  f i f t y  pounds pe r  a c r e  of f e r t i l i z e r  N was t h e  optimum f e r t i l i z e r  
n i t r o g e n  r a t e  f o r  legume systems. I nco rpo ra t i on  o f  a h a i r y  ve t ch  cover  c r o p  
p r i o r  t o  c o r n  p l a n t i n g  produced y i e l d s  equ iva l en t  t o  t he  co rn  p lan ted  without  
t i l l a g e  i n t o  und i s tu rbed  v e t c h  ( i n  a two-year s tudy  where s o i l  mois ture  was 
p l e n t i f u l  du r ing  g r a i n f i l l i n g  p e r i o d s ) .  In-row s u b s o i l i n g  f o r  c o r n  was re
qu i r ed  f o r  maximum y i e l d s  i n  t h e  winter-annual /corn r o t a t i o n .  Removal of t h e  
ve t ch  f o r  f o r age  reduced co rn  yield unless a d d i t i o n a l  f e r t i l i z e r  n i t r ogen  was 
supp l i ed .  P l a n t i n g  o f  co rn  i n t o  k i l l e d  s t r i p s  o f  t h e  h a i r y  ve t ch  cover  c r o p  
reduced co rn  y i e l d s  whether t h e  remaining cover  c rop  was k i l l e d  a t  two o r  
fou r  weeks a f t e r  corn  p l a n t i n g  o r  allowed t o  mature in t h e  r o w  middles.  Three 
y e a r s  of exper imenta t ion  i n d i c a t e d  t h a t  starter f e r t i l i z e r s  may improve no-
t i l l a g e  co rn  y i e l d s  i n  some seasons. Placement of UAN s o l u t i o n s  i n  d r i b b l e d  
s u r f a c e  bands c l o s e  t o  t h e  c o r n  row (approximate ly  6" t o  one s i d e )  produced 
h i g h e r  co rn  y i e l d s  t han  s u r f a c e  bands placed i n  t h e  row m i d d l e  ( on  36" row 
spac ings ) .  This  e f f e c t  may be o f f s e t ,  i n  some s i t u a t i o n s ,  by use  o f  a 
s t a r t e r  f e r t i l i z e r  i n  2 x 2 placement. Many N.C.  c o r n  growers have adapted 
t h e  n o - t i l l a g e  p lus  s u b s o i l i n g  implements t o  t h e i r  c o r n  produc t ion  systems 
and wish t o  p l ace  a s t a r t e r  f e r t i l i z e r  i n  t h e  s u b s o i l e r  track. I n  1985, a 
d e v i c e  was developed t h a t  uniformly d i s t r i b u t e s  f l u i d  f e r t i l i z e r s  i n  t h e  
s u b s o i l e r  t r a ck .  P re l im ina ry  exper iments  i n d i c a t e  t h a t  uniform d i s t r i b u t i o n  
o f  f e r t i l i z e r  i n  t h e  s u b s o i l e r  t r a c k  produces  a " s t a r t e r " response equ iva l en t  
t o  t h a t  observed with 2 x 2 placement ( 1 ) .  

SOIL STUDIES OF TILLAGE SYSTEMS FOR CORN PRODUCTION 

Nine t i l l a g e  systems f o r  co rn  produc t ion  have been t e s t e d  f o r  two yea r s  
a t  two Piedmont l o c a t i o n s  (3).  The t i l l a g e  systems a r e  f a l l  moldboard plow-
s p r i n g  d i s k ,  s p r i n g  moldboard plow-spring d i s k ,  f a l l  c h i s e l  plow-spring d i s k ,  

! 
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s p r i n g  c h i s e l  plow-spring d i s k ,  s p r i n g  d i s k  only, f a l l  c h i s e l  plow only,  s p r i n g  
c h i s e l  plow on ly ,  n o - t i l l ,  and n o - t i l l  w i th  in-row c h i s e l i n g .  I n  1984, a wet 
y e a r ,  t h e r e  were no y ie ld  d i f f e r e n c e s  between systems a t  one l o c a t i o n .  A t  
t h e  o t h e r  l o c a t i o n ,  poor s t a n d s  and s e r i o u s  weed problems r e s u l t e d  i n  lower 
y i e l d s  in n o - t i l l  than i n  conven t iona l l y  t i l l e d  t r ea tmen t s .  In 1985, a d r i e r  
y e a r ,  n o - t i l l  and c h i s e l  plowing without  d i s k i n g  r e s u l t e d  i n  h ighe r  y i e l d s  
than t he  conven t iona l l y  t i l l e d  systems a t  bo th  l o c a t i o n s .  Bulk d e n s i t y  meas
urements i n d i c a t e d  no compaction problems i n  any system i n  u n t r a f f i c k e d  a r
eas .  A l l  sys tems had h igh  bulk d e n s i t i e s  (1.60 - 1.55 i n  t r a f f i c k e d  
areas, i n d i c a t i n g  a p o s s i b l e  compaction problem i n  cont inuous n o - t i l l  i f  
t r a f f i c  i s  n o t  c o n t r o l l e d  (3). 

ROLF OF LEGUME COVER CROPS I N  NO-TILL CORN 

The u se  o f  legumes i n  conse rva t i on  t i l l a g e  product ion systems may pro-
v i d e  s i g n i f i c a n t  q u a n t i t i e s  o f  f i xed  n i t rogen  whi le  conserv ing  s o i l  and water  
resources .  Research has  been conducted t h e  p a s t  two y e a r s  t o  determine t h e  
i n f l u e n c e  of w in t e r  cover  c rops  i n  a conse rva t i on  t i l l a g e  co rn  system wi th  
regard  to :  1 ) N c y c l i n g  and 2)  so i l- p l an t- wa te r  r e l a t i o n s h i p  (8). Another 
o b j e c t i v e  was t o  eva lua t e  the  a d a p t a b i l i t y  o f  va r ious  legumes t o  North 
Caro l ina  s o i l  and climatic cond i t i ons .  In t h i s  s t u d y ,  t h e  exper imenta l  de-
s i g n  c o n s i s t e d  of four cover  c rop  t r ea tmen t s  (no cover ,  r y e ,  crimson c l o v e r ,  
and h a i r y  v e t c h ) ,  t h r e e  cover  crop-corn/time o f  burndown-planting combina
t i o n s  ( e a r l y  k i l l - e a r l y  p l a n t ,  e a r l y  k i l l - l a t e  p l a n t ,  and late k i l l - l a t e  
p l a n t ) ,  and t h r e e  r a t e s  o f  f e r t i l i z e r  N ( 0 ,  100, and 200 kg There was 
approximately a 2-week i n t e r v a l  between t h e  e a r l y  and l a t e  corn  p l a n t i n g  
dates. Grain y i e l d  r e s u l t s  (2 yr. avg.)  a r e  shown i n  Table 5 and r e p r e s e n t  
mean va lues  averaged a c r o s s  all burndown-plant combinations.  The s o i l  water  
s t a t u s  i n  t h e  no-cover t rea tment  appeared t o  l i m i t  t h e  y i e l d  response t o  
f e r t i l i z e r  N ,  a s  g r a i n  y i e l d  on ly  i nc r ea sed  up t o  t h e  f i rs t  100 kg of N. In 
c o n t r a s t ,  w i t h  rye  as cover  c rop ,  g r a i n  y i e l d  increased  wi th  i n c r e a s i n g  N 
r a t e .  The wide C:N r a t i o  o f  t h i s  cover  c r o p  and a s s o c i a t e d  N immobil izat ion 
p o t e n t i a l  was most l i k e l y  a c o n t r i b u t i n g  f a c t o r  i n  t h i s  response p a t t e r n .  
even wi th  no f e r t i l i z e r  N applied, grain y i e l d s  f o r  t h e  legume cover  crop 
t r ea tmen t s  were comparable t o  yields obtained wi th  t h e  no cover  and rye cover  
t r ea tmen t s  r e c e i v i n g  180 kg N (8). 

No cover  5.9 7.6 7.9 
Rye 4.4 7.1 7.9 
Crimson c l o v e r  7.6 8.3 8.6 
Hairy  ve t ch  8.1 8.6 8.6 

TILLAGE-CROP ROTATION INTERACTIONS ON WEEDS, NEMATODES AND NUTRIENTS 

A long-term. t i l l a g e - c r o p  r o t a t i o n  s t udy  involv ing  corn, soybeans and 
wheat was  e s t a b l i s h e d  a t  t he  Tidewater Research S t a t i o n  on a h i g h  organic: 
s o i l  (14 ) .  T n  t h e  f i f t h  y e a r  o f  t h e  experiment,  1955, all p l o t s  were p lan ted  
t o  soybeans. Tillaqe t r e a tmen t s  on corn  and wheat in 1984 previously a f  
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f e c t e d  l e s i o n  and s t u n t  nematode popu la t i on  l e v e l s .  Lesion popu la t i ons  
tended t o  be g r e a t e s t  i n  p l o t s  con t inuous ly  t i l l e d ,  whereas t h e i r  numbers 
were l o w e s t  i f  c o r n  was planted n o - t i l l  i n  1984. The fewest o f  t h e s e  
nematodes occurred i n  p l o t s  p lan ted  n o - t i l l  t o  c o r n  bu t  plowed, disked and 
p l an t ed  t o  wheat. This l a t t e r  t r e a tmen t  a l s o  gave low popu la t i on  d e n s i t i e s  
o f  t h e  stunt nematode. Tn c o n t r a s t  t o  t h e  l e s i o n  nematodes, g r e a t e s t  popula
t i o n  d e n s i t i e s  o f  t h e  s t u n t  nematode were found a f t e r  con t inuous  n o - t i l l .  I n  
1985, each p l o t  was subdiv ided ,  h a l f  t r e a t e d  wi th  a l d i c a r b  and h a l f  l e f t  
u n t r e a t e d .  The s t u n t  and l e s i o n  nematode popu la t i ons  were lower i n  a l d i c a r b  
t r e a t e d  s u b p l o t s  t h a n  i n  u n t r e a t e d  ones a t  74 and 69 days a f t e r  p l an t i ng .  
The number o f  p l o t s  w i t h  d e t e c t a b l e  popu la t i ons  o f  t h e  soybean c y s t  nematode 
i nc r ea sed  f rom p l a n t i n g  o f  soybeans i n  1985 t o  69 days l a t e r .  I n c r e a s e s  i n  
i nc idence  o f  v a r i o u s  l i f e  s t a g e s  were: j u v e n i l e s  - f rom 5% t o  65%, c y s t s  -
from 45% t o  50%, and eggs - from 40% t o  50%. Late- season d a t a  w i l l  b e  needed 
t o  de te rmine  t h e  impact of a l d i c a r b  on popu la t i on  resurgence.  Weeds were 
s t i l l  no t  a major problem i n  any o f  t h e  t rea tments .  The h e r b i c i d e  program 
f o r  soybeans i n  1985 was: linuron + paraqua t  was used preemergence and 
a c i f l u r o f e n  + c r o p  o i l  c o n c e n t r a t e  was used as an early-post- emergence t r e a t 
ment f o r  b road l ea f  weeds. There was more morning glory i n  the  t i l l e d  p l o t s  
a s  compared t o  t h e  n o- t i l l .  A l l  p l o t s  were r e l a t i v e l y  c l ean  i n  l a te- season .  
Grass c o n t r o l  was n o t  a problem. In  1985, t h e r e  were no d i f f e r e n c e s  i n  
s t r a t i f i c a t i o n  of P and K wi th  regard  t o  t i l l a g e .  P and K were h ighe r  a t  t h e  
s u r f a c e  i n  a l l  t r e a tmen t s .  According t o  t h e  P and K i ndex ,  P was about  80% 
h i g h e r  i n  t h e  s u r f a c e  and K was 65 t o  75% highe r  a t  the surface t h a n  lower  
dep ths .  N u t r i e n t  c y c l i n g  i s  probably r e s p o n s i b l e  f o r  no more changes i n  
s t r a t i f i c a t i o n  t han  t h i s .  D i f f e r ences  i n  s o i l  pH were v e r y  small. There 
were no d i f f e r e n c e s  i n  p l o t s  t h a t  were bottom plowed. pH i n  c h i s e l e d  and 
d i sked  p l o t s  was 0.13 lower i n  t h e  s u r f a c e  a s  compared t o  deeper  and pH i n  
n o - t i l l  p l o t s  was 0.1 lower i n  t h e  s u r f a c e  as compared t o  deeper  ( 1 4 ) .  

NEMATODE CONTROL I N  CONVENTIONAL AND NO-TILL DOUBLE-CROPPED SOYBEANS 

E f f i c a c y  of nemat ic ides  t o  c o n t r o l  s e l e c t e d  nematodes, wi th  emphasis on 
Hete rodera  g l y c i n e s ,  was determined i n  n o - t i l l  and c o n v e n t i o n a l - t i l l  p l an t ed  
soybeans over  a 3-year per iod  from 1981-87 (8). Grea t e s t  numbers of  H. 
g l y c i n e s  eggs were recovered i n  conventionally-tilled plots. Popula t ion  o f  
Tylenchorhynchus c l a y t o n i  were l o w e s t  i n  in-row subso i l ed  n o - t i l l  t r e a tmen t s  
and h i g h e s t  i n  n o - t i l l ,  nonsubsoi led t r ea tmen t s .  Nematicide e f f e c t s  were not  
c o n s i s t e n t  a c r o s s  y e a r s  as mensured b y  population d e n s i t i e s .  Yie lds  were 
g r e a t e s t  i n  in-row subso i l ed  n o - t i l l  p l o t s  t r e a t e d  with  EDB. The s o i l  char
a c t e r i s t i c s  which i n f l u e n c e  wate r  movement seem t o  be  important  f o r  
nemat ic ide  performance (8).  

CONSERVATION TILLAGE FOR VEGETABLES AND TOBACCO 

Conse rva t i on- t i l l age  r e s e a r c h  i nvo lv ing  vege t ab l e s  and tobacco have 
mainly focused on t h e  use of  v a r i o u s  cover  c rops  a s  r e s i d u e  i n  a strip-til1 
system ( 5 ) .  Experiments w i th  t h e  v a r i o u s  commodities have shown t h a t  cover  
c r o p  r e s i d u e s  do i n f l u e n c e  growth parameters  and y i e l d s  (Table  6 ) .  The 
strip-till tobacco produc t ion  system y i e l d s  well when rye  and Aus t r ian  win te r  
peas  have been used.  The v a r i o u s  vege t ab l e  c rops ,  however, seem t o  y i e l d  
b e t t e r  when legume cover  c rops  a r e  used t han  when g r a s s  cover  c rops  a r e  u t i l -
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i z ed .  A l l  commodities were produced under optimum cond i t i ons  ( i n c l u d i n g  
f e r t i l i z e r )  except  f o r  i r r i g a t i o n .  Various t i l lage  systems have a l s o  been 
e s t a b l i s h e d  t o  measure t he  y i e l d  p o t e n t i a l  and c o n s t r a i n t s  o f  conse rva t i on  
t i l l a g e  on seeded and t r a n s p l a n t e d  vege tab le  and tobacco crops.  Yield r e su l t s  
i n d i c a t e  t h a t  p roduc t ion  under conse rva t i on  t i l l a g e  can compete compe t i t i ve ly  
w i th  convent iona l  c u l t u r e  ( 6 ) .  Conventional t i l l a g e  does  appear  t o  y i e l d  
b e t t e r  when e a r l y  season  v a r i e t i e s  o r  commodities a r e  grown, b u t  f u l l - s e a s o n  
o r  "normal" season  c rops  y i e l d  s i m i l a r l y  r e g a r d l e s s  o f  t i l l a g e  methods (Table  
7). 


Table  6 .  The e f f e c t  of cover  c rop  on tobacco and vege t ab l e  y i e l d s .  

Cover Croe Tobacco Cabbage Broccol i  Tomato Po t a toe s  


Brevard S o i l  Dyke S o i l  
Bare 1988 6.2 78.3 
Cul t i va t ed  2605 

2921 2207 26.9 6.6 34.4 17.8 
Bar ley  1989 25.7 16.9 

24.6 
Wheat 2646 25.0 
Crimson c l o v e r  2046 28.9 18.0 
Vetch 1950 29.7 79.1 17.8 
Peas  291 8 
Mean y i e l d s  from two y e a r s  d a t a .  

Table  7. The e f f e c t  o f  t i l l a g e  on v a r i o u s  vege t ab l e s  and tobacco y i e l d .  
Marketable Y ie ld  by 

Squash Brocco l i  Sweetcorn Tobacco 
Tomatoes Cabbage Snap Beans Acorn Sp r ing  F a l l  

Conventional 46.1 '54.0 18.6 18.8 6.6 4.8 22172 2425 
St rip- t i11 50.8 33.4 15.5 15.2 5.5 4.1 22058 2225 
No-till 49.4 15.5 20.9 5.4 3.9 19970 2244 

LSD NS NS .9 .6 NS NS 

SOIL CONSERVATION AND TILLAGE SYSTEMS FOR TOBACCO 

In 1984, a y e a r  c h a r a c t e r i z e d  by intense s to rms  and g r e a t e r  t h a n  normal 
p r e c i p i t a t i o n  (170mm dur ing  J u l y  through Sept . )  runof f  and e r o s i o n  l o s s e s  from 
tobacco p lan ted  on Cec i l  s o i l  with a 6% s lope  were 42.1 mm and 16768 kg/ha from 
convent iona l  t i l l a g e  ( C T )  ( f a l l  moldboard plow, s p r i n g  d i s c  and r i d g e ,  c u l  t i va 
t i o n ) ,  40.7 mm and 18615 kg/ha f o r  convent ional  t i l l a g e  without c u l t i v a t i o n  
(NC), and 35.9 mm and 1757 kg/ha from reduced t i l l a g e  ( R T )  ( f a l l  moldboard 
plow, d i s c  and r i d g e ,  and a cover  c rop)  (2 ) .  A h ighe r  percen tage  o f  f i n e s ,  
though lower i n  a c t u a l  m o u n t ,  were eroded from t h e  RT t r ea tmen t .  Tobacco 
y i e l d s  were reduced 10%by NC (2360 kg/ha) and 14% by RT (2274 kg/ha) treat
ments compared t o  CT (2630 kg/ha) .  In 1985, a yea r  c h a r a c t e r i z e d  by less in-
t ense  s to rms  and n e a r  normal p r e c i p i t a t i o n  l e v e l s  (202 mm from May t o  Sept . ) ,  
r uno f f  and e r o s i o n  l o s s e s  from tobacco on Appling s o i l  w i t h  a 5.5% s lope  were 
29.0 mm and 9361 kg/ha f o r  CT,  36.1 mm and 9629 kg/ha f o r  N C ,  and 35.5 mm and 
1502 kg/ha f o r  RT, r e s p e c t i v e l y .  As i n  1984, a g r e a t e r  percentage,  bu t  l e s s  in 
a c t u a l  amount, o f  f i n e s  were eroded from t h e  RT p l o t s .  The e ro s ion  event  char
a c t e r i s t i c s  changed markedly as t h e  growing season  progressed ,  w i t h  v e ry  l a r g e  
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s t o r m s  n e a r  the end of August producing l a r g e  amounts o f  r uno f f  bu t  ve ry  l i t t l e  
s o i l  l o s s ,  w i th  t h e  RT t r ea tmen t s  producing t h e  least s o i l  l o s s .  Texture  o f  the 
sediments  v a r i e d  between t r ea tmen t s  and v a r i e d  across  time, w i t h  t h e  NC and CT 
p l o t s  producing c o a r s e r  sed iments  than t h e  RT p l o t s .  The NC t rea tment  reduced 
tobacco  y i e l d  7% (2634 kg/ha) compared t o  t he  RT (2807 kg/ha) and CT (2818 
kg/ha) t rea tments .  De t a i l ed  analysis  o f  s o i l  phys i ca l  proper  ies  and p l a n t  
c h a r a c t e r i s t i c s  o f  t h e s e  and 9 more t r ea tmen t s  are  be ing  done a t  this t i n e  ( 2 ) .  

NO-TILL TOBACCO WEED CONTROL RESEARCH 

Weed c o n t r o l  i n  n o - t i l l  tobacco was v a r i a b l e  i n  1985 (I3, 5 ) .  P l o t s  w i th  
good weed c o n t r o l  y i e lded  w e l l .  N o - t i l l  tobacco i n  one t e s t  on a c l a y  s o i l  
y i e lded  38% l e s s  t han  conven t iona l ,  one t e s t  on a sandy loam s o i l ,  32% l e s s  and 
i n  ano the r  test ,  20% less. N o- t i l l  b u r l e y  tobacco y i e lded  as much as conven
t i o n a l .  Over t h e  l a s t  4 y e a r s ,  n o - t i l l  bu r l ey  y e i l d  ha s  been equal  t o  conven
t i o n a l  y i e l d s .  In a v a r i e t y  tes t  i n  n o - t i l l  f lue- cured tobacco,  h ighe r  y i e l d s  
(701 5 and 3085 Ib/A, r e s p e c t i v e l y ) ,  were ob t a ined  w i t h  K-326 and NF-28 over 
C-319, NF-22, 5-70 and NC-82 ( ave rag ing  2502 lb/A).  Most n o - t i l l  p l o t s  where 
r e g i s t e r e d  h e r b i c i d e s  were used had t o  have some hand weeding t o  a t t a i n  accept-
a b l e  weed c o n t r o l .  A f e r t i l i t y  test  s i t e  was i n f e s t e d  wi th  morningglory and 
c o n t r o l  was poor. A l l  convent iona l  tobacco out- yielded t he  n o - t i l l  and had a 
h i g h e r  p r i c e  p e r  l b . ,  a l though  grade  index w a s  n o t  d i f f e r e n t .  I n  t h e  conven
t i o n a l  and n o - t i l l  tobacco,  t h e  h ighe r  rates o f  f e r t i l i z e r  tended t o  i n c r e a s e  
y i e l d s .  This  r e s u l t e d  i n  l o w e r  q u a l i t y  i n  t h e  convent iona l  bu t  n o t  i n  n o - t i l l .  
Two on-farm n o - t i l l  tests  i n  f lue- cured tobacco were h e a v i l y  a f f e c t e d  by 
drought  and a l l  n o - t i l l  t r e a tmen t s  y ie lded  about 400 lb/A less t h a n  convention-
a l l y  t i l l e d  and f e r t i l i z e d  tobacco. I n  g e n e r a l ,  the n o - t i l l  tobacco seemed t o  
b e  more adve r se ly  a f f e c t e d  by drought  t h a n  conven t iona l l y  t i l l e d  tobacco. Th i s  
might have been caused by t h e  water  shedding e f f e c t  o f  t h e  firm, u n t i l l e d  s o i l  
p lus  t h e  f u n n e l i n g  o f  water by t h e  r a i s e d  row r i d g e s  and e a r l y  d e p l e t i o n  o f  
s o i l  mois ture  by t h e  cover  c rop  o f  r ye .  T i l l a g e  and f e r t i l i t y  t r ea tmen t s  i n  
t h e  on-farm tests which inc luded:  in-row s u b s o i l i n g ,  i n j e c t e d  f e r t i l i z e r ,  and 
s u r f a c e  app l i ed  f e r t i l i z e r  t o  n o - t i l l  tobacco d id  n o t  r e s u l t  i n  mensurable 
d i f f e r e n c e s  i n  cured l e a f  y i e l d  o r  q u a l i t y  and a l l  t r e a tmen t s  y i e lded  less t h a n  
conven t iona l l y  grown tobacco ( 1 3 ,  1 5 ) .  

CONTROL OF BARD-TO-CONTROL WEEDS I N  NO-TILL CORN AND SOYBEANS 

F i e l d  s t u d i e s  were i n i t i a t e d  i n  1985 t o  eva lua t e  t h e  combined tankmix 
i n t e r a c t i o n s  o f  s e v e r a l  broad spectrurn con t ac t  and systemic h e r b i c i d e s  r e l a t i v e  
t o  i n d i v i d u a l  burndown t r ea tmen t s  a lone  f o r  hard- to- cont ro l  weeds (1  2 ) .  Re
s u l t s  i n  c o r n  i n d i c a t e d  paraqua t  p lu s  2,4-D gave b e t t e r  c o n t r o l  of horseweed 
and V i rg in i a  pepperweed than paraqua t  alone. Glyphosate or glyphosa te  p lu s  
2,4-D) gave b e t t e r  c o n t r o l  o f  t h e  weeds s t ud i ed  than paraquat or paraquat  p lus  
2,4-D. Glyphosate or paraquat  p lu s  2,4-D gave s i g n i f i c a n t l y  b e t t e r  y i e l d s  t han  
e i t h e r  g lyphosa te  o r  paraquat a lone .  Results i n  soybeans i n d i c a t e d  t h a t  
g lyphosa t e ,  paraquat  p lu s  l i n u r o n ,  glyphosate p lus  2,4-D, glyphosa te  p l u s  
dicamba and glyphosate p lu s  alachlor were e x c e l l e n t  o n  common lambsquar te rs  and 
horseweed. The a d d i t i o n  o f  2,4-D t o  paraqua t  improved c o n t r o l  o f  a l l  weeds 
over  paraquat a l o n e ,  a l though  2,4-D r a t e s  may need t o  be  h ighe r  than 0.56 kg/ha 
t o  o b t a i n  b e t t e r  c o n t r o l .  The a d d i t i o n  o f  dicamba t o  paraqua t  o r  g lyphosa te  
improved c o n t r o l ,  bu t  caused c rop  i n j u r y .  Subsequent s t u d i e s  revea led  t h a t  
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soybeans p l an t ed  two weeks a f t e r  dicamba a p p l i c a t i o n s  o f  0.15 o r  0 .28 kg/ha 
were no t  i n j u r e d .  Paraquat  p l u s  l i n u r o n ,  g lyphosa te  p lus  2,4-D, g lyphosa te  
p lu s  a l a c h l o r  gave s i g n i f i c a n t l y  b e t t e r  y i e l d s  than  a l l  o t h e r  t r e a tmen t s  ( 1  2) .  

CONTROL OF LEGUME COVER CROPS I N  NO-TILL AND ALLELOPATHIC EFFECTS 

F i e l d  s t u d i e s  were i n i t i a t e d  i n  1985 t o  i n v e s t i g a t e  d i f f e r e n t  h e r b i c i d e  
combinat ions  and r a t e s  o f  a p p l i c a t i o n  t o  improve i n i t i a l  k i l l  o f  legume cover  
crops p r i o r  t o  p l a n t i n g  co rn  and c o t t o n  ( 1 1 ) .  Cons i s ten t  w i th  o t h e r  legume 
cover  crop s t u d i e s ,  c o r n  and c o t t o n  planted i n t o  h a i r y  ve t ch  ou ty ie lded  t h a t  
which was p lan ted  i n t o  crimson c l o v e r  (by  926 kg/ha and 149 kg/ha,  respec
t i v e l y ) .  P l o t s  t r e a t e d  w i th  combinat ions  such as  g lyphosa te  o r  paraquat/2,4-D 
o r  dicamba g e n e r a l l y  produced g r e a t e r  y i e l d s  t han  p l o t s  t r e a t e d  wi th  t h e  former 
two s e p a r a t e l y  (612 kg/ha more f o r  c o r n  and 256 kg/ha more f o r  c o t t o n ) ;  p l o t s  
t r e a t e d  with  paraqua t  u s u a l l y  had h igher  y i e l d s  t han  those  t r e a t e d  with slower-
k i l l i n g  h e r b i c i d e s .  Ove ra l l ,  h a i r y  v e t c h  was more e a s i l y  k i l l e d  than crimson 
c love r .  Throughout t h e  growing season ,  co rn  and c o t t o n  p l a n t s  were t a l l e r  i n  
t he  ve tch  whole p l o t s .  Ni t rogen d i f f e r e n c e s  and a l l e l o p a t h y  were suspec ted .  
Although ve t ch  had 187 kg/ha t o t a l  N  i n  t h e  above-ground biomass ve r sus  136 
kg/ha N f o r  c l o v e r ,  c rop  t i s s u e  a n a l y s i s  for N, however, d i d  not  r e v e a l  h ighe r  
N l e v e l s  i n  p l a n t s  from t h e  ve tch  p l o t s .  D i f f e r ences  i n  y i e l d  of c o r n  between 
ve t ch  and c love r  were c o r r e l a t e d  t o  d i f f e r e n c e s  i n  stand, w i t h  poorer  c o r n  
s t and  i n  c lover .  Differences i n  y i e l d  o f  c o t t o n  between ve tch  and c l o v e r  are 
n o t  exp la ined .  To i n v e s t i g a t e  p o s s i b l e  a l l e l o p a t h i c  i n t e r a c t i o n s ,  germina t ion  
s t u d i e s  us ing  water e x t r a c t s  o f  each  legume a t  f u l l  (5g d ry  wt./ l50 ml water) 
one- half  and one- t h i r d  strength c o n c e n t r a t i o n  l e v e l s  were conducted; corn ,  
c o t t o n ,  wi ld  mustard,  morningglory and goosegrass  were used a s  b ioas say  t e s t  
species. Reductions o f  25-90% i n  germina t ion  r a t e s  and s eed l ing  d ry  weights  
were found. Debris  s t u d i e s  also revea led  s i g n i f i c a n t  i n h i b i t i o n  o f  emergence 
and growth o f  c o r n  and c o t t o n  p lan ted  i n  po t s  i n  which 4 l e v e l s  o f  l e g u m e  d r y  
m a t t e r  (0, 1.67, 3.77 and 6.67 mg/g s o i l )  were incorpora ted .  P l a n t s  grown i n  
po t s  with  legume remaining on t op  o f  soil showed no r educ t i ons  i n  s eed l i ng  
emergence, p l an t  h e i g h t ,  o r  d ry  weight. Future  s t u d i e s  w i l l  examine p o s s i b l e  
a l l e l o p a t h i c  i n t e r a c t i o n s  between legume r o o t s  and the  t e s t  spec i e s .  It i s  
planned t o  r e p e a t  t h e  f i e l d  s t u d i e s  i n  1986 ( 1 1 ) .  

WEED CONTROL I N  NO-TILL STAKED TOMATOES 

Preemergence and postsmergence h e r b i c i d e s  were eva lua ted  i n  no- t i l l  and 
s t r ip- t i l l  p l a n t i n g s  o f  tomatoes i n  a rye  cover  c rop  which had been k i l l e d  wi th  
paraqua t  ( 7 ) .  Diphenamid, napropanide and cinmethylin provided e x c e l l e n t  
c o n t r o l  o f  goosegrass  (E l eus ine  i n d i c a )  and common lambsquar te rs  (Chenopodium 
album) i n  bo th  t h e  n o - t i l l  and s t r i p t i l l  systems. The same was t r u e  for 
tank-mix combinations used i n  bo th  systems. T r i f l u r a l i n  a t  1 lb/A app l i ed  
p r i o r  t o  t i l l a g e  i n  t he  strip-till p l a n t i n g  d i d  no t  provide adequate weed 
c o n t r o l .  Chloramben followed by e i t h e r  sethoxydim o r  f l u a z i f o p  a month l a t e r  
provided good weed c o n t r o l  i n  t h e  n o - t i l l  system. However, chloramben csused 
s i g n i f i c a n t  i n j u r y  i n i t i a l l y .  Two months fol lowing a p p l i c a t i o n  no i n j u r y  was 
appa ren t .  However, chloramben t r e a t e d  p l a n t s  were delayed i n  maturing f r u i t .  
Ove ra l l ,  none o f  t h e  h e r b i c i d e  t r ea tmen t s  reduced y i e l d  i n  e i t h e r  system. ?he 
weedy check i n  the  n o - t i l l a g e  p l a n t i n g  y ie lded  i n  the same range o f  a l l  o t h e r  
t r e a t m e n t s ,  whereas t h e  weedy check i n  t h e  strip-tillage p l an t i ng  d i d  no t .  The 



-87-

rye  mulch i n  t h e  n o- t i l l a g e  weedy check provided approximately 50% weed c o n t r o l  
perhaps account ing  f o r  t h e  b e t t e r  y i e l d  ob ta ined .  In g e n e r a l ,  a t r end  towards 
h i g h e r  y i e l d s  was observed with t h e  strip-tillage p l a n t i n g  compared t o  t he  
n o- t i l l a g e  p l a n t i n g  ( 7 ) .  

HERBICIDE AND TILLAGE EFFECTS ON SOIL ARTHROPODS 

S t u d i e s  have been i n i t i a t e d  t o  e l u c i d a t e  t h e  e f f e c t s  o f  two commonly used 
h e r b i c i d e s ,  g lyphosa te  and pa raqua t ,  on s o i l  ar thropod number and a c t i v i t y  i n  
nc - t i l l age  systems and t o  q u a n t i f y  t h e  impact o f  convent iona l  and no t i l l a g e  
p r a c t i c e s  on t he  s o i l  a r th ropod  community ( 5 ) .  For  t he  first g e a r  t i l l a g e  had 
a g r e a t e r  impact on s o i l  microar thropod numbers t han  he rb i c ide s .  Treatments 
without  t i l l a g e ,  r e g a r d l e s s  o f  t h e  kind of h e r b i c i d e s  a p p l i e d ,  suppor ted  h ighe r  
numbers o f  microar thropods  (e .g . ,  Collembola and mites) t han  t i l l e d  t r ea tmen t s .  
Length of t ime  wi thout  t i l l a g e  had a s i g n i f i c a n t  (p<0.05)  e f f e c t  on micro-
a r th ropod  d e n s i t y .  S o i l  microar thropod numbers were 1 0- f o l d  h ighe r  i n  t r e a t 
ments two y e a r s  without  t i l l a g e  than i n  those  one yea r  without  t i l l a g e .  I n  
n o- t i l l a g e  systems, d i f f e r e n c e s  between h e r b i c i d e  t r ea tmen t s  were d e t e c t e d  f o r  
s u r f a c e  c r o p  res idue- dwel l ing  microar thropods.  On two sampling d a t e s ,  h i g h e r  
microar thropod numbers were c o l l e c t e d  from t h e  s u r f a c e  c r o p  r e s i d u e  o f  non-
h e r b i c i d e  than  h e r b i c i d e  t r e a t e d  n o- t i l l a g e  p l o t s ,  probably a s  a consequence o f  
a more m o i s t  l i t t e r  l a y e r  due t o  t h e  dense weed and c r o p  canopy. However, i n  
t he  s o i l  s u r f a c e  (0-3 cm d e p t h ) ,  s imilar  numbers o f  microar thropods were col.
l e c t e d  from bo th  h e r b i c i d e  and nonherbicide t r e a t e d  p l o t s .  S o i l  macroarthro
pods (e .g . ,  s p i d e r s ,  ground b e e t l e s )  were most abundant under weedy, n o- t i l l a g e  
cond i t i ons .  Clean ( i . e . ,  h e r b i c i d e- t r e a t e d )  n o- t i l l a g e  t r ea tmen t s  o f t e n  s u p  
por ted  fewer a r t h ropods  t han  nonherb ic ide  no- t i l l  age t rea tments .  I n d i r e c t  ef
f e c t s  o f  h e r b i c i d e s  on h a b i t a t  mod i f i ca t i on ,  e s p e c i a l l y  f l o r a l  d i v e r s i t y ,  a r e  
imp l i ca t ed .  Decomposition (weight  l o s s )  of nonherb ic ide  s u r f a c e  c rop  r e s i d u e s  
may b e  more r a p i d  t h a n  h e r b i c i d e- t r e a t e d  as a consequence of  d i f f e r e n t  micro-
c l i m a t i c  e f f e c t s  w i t h i n  t h e  t r e a t e d  s o i l - l i t t e r  subsystem ( 5 ) .  
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