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For  c e n t u r i e s  crops have been produced us ing  a system t h a t  mechan ica l l y  
manipu la tes t h e  s o i l  a number o f  t imes f o r  t h e  purpose o f  improv ing s o i l  
s t r u c t u r e ,  managing c rop  res idues  and/or c o n t r o l l i n g  weeds. I n  t h e  U.S. t h i s  
has u s u a l l y  i nvo l ved  p low ing  and one o r  more d i s k i n g s  f o l l owed  by one o r  more 
c u l t i v a t i o n s  a f t e r  c rop  emergence. Th i s  system i s  commonly r e f e r r e d  t o  as 
convent iona l -tillage. 

With  t h e  development o f  s e l e c t i v e ,  e f f i c a c i o u s  he rb i c i des  and 
p l a n t i n g  equipment t h a t  w i l l  f u n c t i o n  i n  m i n i m a l l y  d i s t u r b e d  s o i l ,  var ious 
c o n s e r v a t i o n - t i l l a g e  systems have evolved. C o n s e r v a t i o n- t i l l a g e  has been 
de f i ned  by t h e  Na t i ona l  Conservat ion T i l l a g e  I n f o r m a t i o n  Center i n  F t .  Wayne, 
I N ,  as any t i l l a g e  and p l a n t i n g  system t h a t  r e t a i n s  a t  l e a s t  30 percent  
r e s i d u e  cover on t h e  s o i l  su r f ace  a f t e r  p l an t i ng .  Such systems i nc l ude  
r e d u c e d - t i l l ,  m u l c h - t i l l ,  s t r i p - t i l l ,  r i d g e - t i l l  and n o - t i l l  ( s l o t )  p l an t i ng .  

A l though va r i ous  pes t  problems have been encountered, producers 
con t i nue  t o  adopt va r ious  c o n s e r v a t i o n - t i l l a g e  systems because these systems 
s i g n i f i c a n t l y  reduce s o i l  and water  eros ion,  conserve s o i l  mo is tu re  and f o s s i l  
f u e l ,  reduce s o i l  compaction, save t ime  and labor ,  r e q u i r e  lower investment i n  
equipment and op t im i ze  t h e  use o f  l and  resources. Over t h e  pas t  decade, t h e  
p o t e n t i a l  pes t  problems i n  t h e  more d i v e r s e  c o n s e r v a t i o n - t i l l a g e  environments 
has concerned entomologis ts .  Cur ren t  entomologica l  research  has shown t h a t  
broad g e n e r a l i z a t i o n s  about pes t  problems assoc ia ted  wi th  c o n s e r v a t i o n- t i l l a g e  
systems a re  n o t  appropr ia te .  Each c rop  and pes t  s i t u a t i o n  must be evaluated 
and i ndependent judgments made. 

I n  my d iscuss ion  pes t  problems assoc ia ted  w i t h  c o n s e r v a t i o n- t i l l a g e  
systems throughout  t h e  U.S. w i l l  be presented, bu t  emphasis w i l l  be p laced on 
s p e c i f i c  pes t  problems assoc ia ted  w i t h  c o n s e r v a t i o n - t i l l a g e  systems i n  t h e  
southeastern U.S. These pests  w i l l  be ca tego r i zed  as seed/seedl ing and post  
seedling. 
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SEED/SEEDLING PESTS. Conservation-tillage practices generally minimize 
the losses from soil insects. Gregory and Musick (1976), however, reported
that some pests have become more serious on crops because herbicides 
el iminated preferred host( s ) .  

Soil insects are among the most difficult insects to control. 

Insecticides have limited efficacy as they are difficult to properly time or 

place at the site of the infestation. In addition, early identification of 

damaging populations of soil insects is difficult, and limited information on 

action thresholds is available. 


Failure of seeds to germinate or  emerge i s  not always a result of feeding
by a specific pest(s). In cool, wet springs seeds may rot in the soil as a 
result of poor seed-soil contact and/or cooler soil temperatures associated 
with heavy mulch covers. Before definitive statements on stand reductions are 
possible, the seed must be examined for evidence of attack by a pest(s). 

The following discussion addresses some of the seed/seedling pests of 
major concern in crops grown using conservation-tillage practices in the 
southeastern U.S. No attempt will be made to identify specific pesticides, as 
new and more effective chemicals are continually being developed. Current 
pesticide recommendations can be obtained from publications of your
Cooperative Extension Service. 

Southern Corn Billbug, Sphenophorus callosus (Oliver). As a major pest 
of corn. the southern corn -billbuq causes siqnificantlv qreater losses in 
no-tillage than conventional-tillage systems-(All et ai. 1983). Adult 
southern corn billbugs feed i n  the pith/meristem of corn and produce symptoms
varying from mild foliage perforations to severe stunting and death of 
seedlings (Metcalf 1917). Stage of plant growth when feeding occurs and the 
length of time billbugs have access t o  a feeding site are important in 
determining the degree of damage that will occur (Durant 1982). However,

factors that promote vigorous seedling growth increase tolerance to billbug

feeding. Fast-growing seedlings can "outgrow" moderate billbug damage.

Larval survival is low on later plant-growth stages (Wright et al. 1983). 


Southern corn billbug adults are active at the time of corn planting, and 

highest populations in conventional-tillage systems are associated with 

unplowed weedy areas near fields (Metcalf 1917). In continuous no-tillage 

systems, spring populations of billbugs in corn are associated with weeds and 

corn debris from the previous season. In double-cropping systems with corn 

following a small grain, the spring generation of billbugs occurs in the small 

grain and infests corn after it is planted (All et al. 1983; All, unpublished

data). 


Various management techniques suppress billbugs in conservation-tillage

systems. Cornfields with a history of southern corn billbug problems should 

not be planted using no-tillage practices unless billbug populations have been 

reduced by other control measures, such as insecticides. The southern corn 

billbug does not attack legumes; thus crop rotations with these crops should 

be considered. The use of subsoiling in fields with hardpan layers aids plant 

recovery from billbug feeding, especially under drought conditions. When 

billbug infestations are high, insecticide applications used in conjunction 
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w i t h  s u b s o i l i n g  i n  n o - t i l l a g e  systems a c t  s y n e r g i s t i c a l l y  t o  improve c o r n  
g r o w t h  and y i e l d  and r e d u c e  damage ( A l l  and J e l l u m  1977, A l l  e t  a l .  1983). 

Corn Root  Aphid, Anu raph is  m a i d i r a d i c i s  (Fo rbes ) ,  and t h e  C o r n f i e l d  Ant,-
L a s i u s  a l l e n u s  (Forster). The c o r n  r o o t  a p h i d  and a t t e n d a n t  a n t s  a r e  one of 
t h e  most  i n t e r e s t i n g  p e s t  complexes i n  n a t u r e .  Grego ry  (1974)  c o n s i d e r e d  t h e  
c o r n  r o o t  a p h i d  t o  be t h e  most  i m p o r t a n t  p e s t  o f  n o - t i l l a g e  c o r n  i n  Kentucky.  

The honeydew s e c r e t e d  b y  t h e  c o r n  r o o t  a p h i d  d u r i n g  f e e d i n g  i s  c o l l e c t e d  
b y  t h e  ants .  The a p h i d  f e e d s  on a v a r i e t y  o f  g rasses,  b u t  i t  appears t o  
p r e f e r  corn.  The a n t s  o f t e n  move aph ids  c o n s i d e r a b l e  d i s t a n c e s  i n  t h e  s p r i n g  
t o  e s t a b l i s h  them on co rn .  Young c o r n  p l a n t s ,  may w i t h e r  and d i e ,  e s p e c i a l l y  
under  d r o u g h t  c o n d i t i o n s .  Grego ry  (1974)  r e p o r t e d  s t a n d  l o s s e s  exceed ing  50% 
i n  some f i e l d s ,  a l t h o u g h  c o n v e n t i o n a l - t i l l a g e  c o r n  a l s o  has been s e v e r e l y  
i n f e s t e d .  Most  i n f e s t a t i o n s  i n  c o n s e r v a t i o n - t i l l a g e  were a s s o c i a t e d  w i t h  c o r n  
p l a n t e d  i n  g r a s s  sods o r  w i t h  a reas  t h a t  have n o t  been p l a n t e d  i n  f i e l d  c r o p s  
f o r  s e v e r a l  y e a r s .  It i s  u n c l e a r  i f  t h e  n o - t i l l a g e  h a b i t a t  per s e  f a v o r s  
o u t b r e a k s .  

Growers i n  r e g i o n s  w i t h  h i s t o r i c a l l y  s e r i o u s  c o r n  r o o t  a p h i d  problems 
s h o u l d  be  c a u t i o u s  when u s i n g  n o - t i l l a g e  systems f o r  t h e  f i r s t  t ime,  
e s p e c i a l l y  when f i e l d s  have l a i d  f a l l o w  f o r  one o r  more yea rs .  I n  t h e s e  
s i t u a t i o n s ,  a t h o r o u g h  e x a m i n a t i o n  o f  t h e  f i e l d  f o r  a n t  mounds i s  recommended. 
Because e a r l y - s p r i n g  d e e p - t i l l a g e  o p e r a t i o n s  d i s r u p t  and d e s t r o y  t h e  a n t  
n e s t s  i n  f i e l d s  w i t h  h i g h  a n t  p o p u l a t i o n s ,  c o n v e n t i o n a l - t i l l a g e  i n  an t- and 
a p h i d - i n f e s t e d  r e g i o n s  s h o u l d  be  c o n s i d e r e d  f o r  one or  two y e a r s  b e f o r e  
i n i t i a t i n g  a n o - t i l l a g e  program, S e l e c t i o n  o f  a nonhost  c rop ,  such as 
soybeans, a l s o  may b e  a d v i s a b l e  f o r  h i g h - r i s k  areas .  H i g h l y  e f f e c t i v e  
i n s e c t i c i d e s  a r e  a v a i l a b l e .  

Sugarcane B e e t l e ,  E u e t h e o l a  r u g i c e p s  (LeConte) .  Severe  i n f e s t a t i o n s  
i n  c o r n  b y  The suqarcane b e e t l e  have been observed i n  c o n s e r v a t i o n - t i l l a q e-
systems ( J .  N .  A l l ,  u n p u b l i s h e d  d a t a ) .  A l t h o u g h  t h e  b i o l o g y  o f  t h e  
sugarcane b e e t l e  i s  n o t  w e l l  known, i n f e s t a t i o n s  i n  c o n v e n t i o n a l - t i l l a g e  
systems a r e  u s u a l l y  a s s o c i a t e d  w i t h  c r o p s  grown i n  f r e s h l y  t i l l e d  sod f i e l d s  
o r  f i e l d s  h i g h  i n  o r g a n i c  m a t t e r .  A f f e c t e d  s e e d l i n g s  w i t h e r  and d i e  as i f  
d r o u g h t - s t r i c k e n .  Examina t i on  o f  d y i n g  p l a n t s  r e v e a l s  l a r g e  g o u g e- l i k e  
wounds i n  t h e  p i t h  t i s s u e ,  u s u a l l y  a t  o r  s l i g h t l y  be low t h e  s o i l  su r face .  
Heavy b e e t l e  i n f e s t a t i o n s  have been observed i n  c r o p s  u s i n g  b o t h  n o - t i l l a g e  
o r  c o n v e n t i o n a l - t i l l a g e  systems. I n  g e n e r a l ,  h e a v i e s t  damage i s  l o c a t e d  
a d j a c e n t  t o  wooded areas  and/or  p a s t u r e s .  I n  d o u b l e- c r o p  systems u t i l i z i n g  
c o n s e r v a t i o n - t i l l a g e  methods, s m a l l  g r a i n s  may s e r v e  as l a r v a l  h o s t s  f r o m  
w h i c h  a d u l t s  emerge and a t t a c k  corn.  

A t  p r e s e n t ,  t h e  haza rd  o f  t h e  sugarcane b e e t l e  as a m a j o r  p e s t  i n  
c o n s e r v a t i o n - t i l l a g e  systems i s  n o t  c l e a r l y  e s t a b l i s h e d .  However, c a u t i o n  
s h o u l d  b e  e x e r c i s e d  when any c r o p  i s  p l a n t e d  f o l l o w i n g  a p a s t u r e  o r  i n  o t h e r  
sods where h i g h  l a r v a l  p o p u l a t i o n s  have been observed.  Deep p l o w i n g  i s  
recommended f o r  r e c u r r i n g  sugarcane b e e t l e  i n f e s t a t i o n s .  L i t t l e  
i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  e f f i c a c y  o f  i n s e c t i c i d e s  a g a i n s t  t h i s  p e s t .  
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Lesse r  C o r n s t a l k  Borer ,  Elasmopalpus l i g n o s e l l u s  ( Z e l l e r ) .  T h i s  i n s e c t  
i s  a s i g n i f i c a n t  p e s t  o f  many m a j o r  f i e l d  c r o p s  i n  t h e  s o u t h e r n  U n i t e d  S t a t e s .  
Losses t o  l e s s e r  c o r n s t a l k  b o r e r  a r e  h i g h  i n  c o n v e n t i o n a l - t i l l a g e  and c e r t a i n  
c o n s e r v a t i o n - t i l l a g e  systems ( i .e . ,  e s p e c i a l l y  t h o s e  u s i n g  v a r i o u s  d i s k i n g  
sys tems) .  N o - t i l l a g e  c r o p p i n g  systems a r e  c o n s i d e r e d  an e f f e c t i v e  management 
s t r a t e g y  f o r  t h i s  p e s t  ( A l l  and G a l l a h e r  1976; A l l  1978, 1979a; A l l  e t  a l .  
1982) .  

The l e s s e r  c o r n s t a l k  b o r e r  has a semisub te r ranean  b i o l o g y .  L a r v a e  a t t a c k  
many c r o p s  i n c l u d i n g  corn ,  sorghum, o r  soybeans. D e v a s t a t i n g  i n f e s t a t i o n s  
have o c c u r r e d  i n  t h e s e  f i e l d  c r o p s  e s p e c i a l l y  i f  d r o u g h t y  weather  occu rs  f o r  
s e v e r a l  weeks a f t e r  p l a n t i n g .  I n  s i m i l a r  e n v i r o n m e n t a l  s i t u a t i o n s ,  damage i s  
o f t e n  g r e a t l y  reduced i f  t h e  second f i e l d  c r o p  i s  p l a n t e d  u s i n g  t h e  n o - t i l l a g e  
sys tem ( A l l  1978) .  Lesse r  c o r n s t a l k  b o r e r s  a r e  polyphagous,  and l a r v a e  a r e  
o f t e n  p r e s e n t  in s m a l l  g r a i n s  o r  weeds when f i e l d s  a r e  p lowed ( A l l  and 
G a l l a h e r  1977; A l l  e t  a l .  1979) .  The d i s k i n g  o p e r a t i o n s  e i t h e r  b u r y  o r  
chopup p l a n t  r e s i d u e s ,  l e a v i n g  them exposed f o r  r a p i d  d e s i c c a t i o n .  These 
t i l l a g e  o p e r a t i o n s  have l i t t l e ,  i f  any, impac t  on t h e  r e s i d e n t  l e s s e r  
c o r n s t a l k  b o r e r  p o p u l a t i o n s ;  t h e r e f o r e ,  l a r v a e  a r e  p r e s e n t  i n  t h e  f i e l d  and 
a t t a c k  t h e  second c r o p  as soon as i t  ge rm ina tes .  

The l e s s e r  c o r n s t a l k  b o r e r  i s  a semisaprophagous i n s e c t  t h a t  i s  c a p a b l e  
o f  c o m p l e t i n g  i t s  development on p l a n t  r e s i d u e s  i n  n o - t i l l a g e  systems 
( C h e s h i r e  and A l l  1979a, b ) .  A l t h o u g h  r e s i d e n t  p o p u l a t i o n s  a r e  p r e s e n t  i n  
n o - t i l l a g e  s i t u a t i o n s ,  t h e y  seem t o  be, i n  e f f e c t ,  d e t e r r e d  f r o m  f e e d i n g  on 
t h e  g e r m i n a t i n g  f i e l d  c r o p  because o f  t h e  abundant f o o d  s o u r c e  i n  t h e  
s u r r o u n d i n g  env i ronmen t  ( A l l  1980b).  Use o f  n o - t i l l a g e  p r a c t i c e s ,  whenever 
f e a s i b l e ,  i n  d o u b l e- c r o p p i n g  systems u s i n g  corn ,  sorghum o r  soybeans f o l l o w i n g  
h a r v e s t  o f  s m a l l  g r a i n s  wou ld  a v o i d  damaging p o p u l a t i o n s  o f  t h e  l e s s e r  
c o r n s t a l k  b o r e r .  I f  c o n v e n t i o n a l - t i l l a g e  o r  more i n t e n s i v e  c o n s e r v a t i o n -
t i l l a g e  o p e r a t i o n s  a r e  f o l l o w e d ,  p l a n t i n g  s h o u l d  be de layed  f o r  a t  l e a s t  two 
weeks t o  a l l o w  r e s i d e n t  p o p u l a t i o n s  o f  t h e  l e s s e r  c o r n s t a l k  b o r e r  t o  comp le te  
development and l e a v e  t h e  a rea  o r  t o  succumb t o  s t a r v a t i o n .  Because soybeans 
have c o n s i s t e n t l y  l o w e r  i n f e s t a t i o n s  o f  t h i s  p e s t  (Rogers and A l l  1982), t h e y  
s h o u l d  be  g i v e n  h i g h  p r i o r i t y  i n  d o u b l e- c r o p p i n g  systems when damage f r o m  
l e s s e r  c o r n s t a l k  b o r e r  i s  l i k e l y .  

I n s e c t i c i d e s  may be used t o  c o n t r o l  l e s s e r  c o r n s t a l k  b o r e r  i n f e s t a t i o n s  
( A l l  e t  a l .  1979; A l l  1979b; Gardner  and A l l  1982) .  However, a c c e p t a b l e  
c o n t r o l  i s  d i f f i c u l t  t o  achieve,  e s p e c i a l l y  under  d r y  s o i l  c o n d i t i o n s  ( T i p p i n s  
1982) .  

O the r  Seed/Seed l ing  Pests .  I n  areas o t h e r  t h a n  t h e  s o u t h e a s t e r n  U.S. a 
v a r i e t y  o f  o t h e r  p e s t s  o c c u r  i n  c r o p s  grown u s i n g  c o n s e r v a t i o n - t i l l a g e  
systems. The armyworm ( P s e u d a l a t i a  u n i p u n c t a  (Hawor th ) )  i s  a s e r i o u s  p rob lem 
i n  c o n s e r v a t i o n - t i l l a g e  systems f o r  c o r n  p r o d u c t i o n  i n  t h e  n o r t h - c e n t r a l  U.S., 
e s p e c i a l l y  when a r y e  cove r  c r o p  precedes c o r n  p l a n t i n g  (Mus ick  and P e t t y  
1973, Wrenn 1975) .  Maggots (Mus ick  and B e a s l e y  1978), s t a l k  b o r e r  (Mus ick  and 
Beas ley  1978, S t i n n e r  e t  a l .  1984), c o r n  roo tworms ( K i r k  e t  a l .  1968, Mus ick  
and C o l l i n s  1971, Cha ing e t  a l .  1971, Grego ry  and Mus ick  1976), s l u g s  (Mus ick  
and P e t t y  1973 )  and r o d e n t s  ( B e a s l e y  and McKibben 1976)  a l s o  have been 
problems i n  c o n s e r v a t i o n - t i l l a g e  systems o f  c o r n  p r o d u c t i o n .  The b l a c k  
cutworm ( A g r o t i s  i p s i l o n  ( H u f n a g e l ) )  on c o r n  (Mus ick  and B e a s l e y  1978) and 
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c o t t o n  (Dumas 1983) and t h e  va r i ega ted  cutworm on c o t t o n  (Gaylor  unpubl ished 
da ta )  have posed sporad ic  problems. Wireworms (Gregory 1974, Edwards 1975, 
Musick and Beasley 1978) a l s o  have caused occas ional  sporad ic  problems on 
severa l  crops i n  t h e  n o r t h - c e n t r a l  and nor thwes te rn  U.S. White grubs (Musick 
and P e t t y  1973, Gregory 1974, R i ve rs  e t  a l .  1977) have damaged severa l  crops 
i n  many reg ions  of t h e  U.S. B i r d s  (J .  N. A l l ,  unpubl ished da ta )  have been 
pests  on severa l  crops u s i n g  c o n s e r v a t i o n - t i l l a g e  systems o f  c rop  product ion.  

POSTSEEDLING PESTS. Several  pests  a t t ack  crops f o l l o w i n g  seed l i ng  
es tab l i shment  and i n f e s t  t h e  p l a n t  throughout  t h e  vege ta t i ve ,  f r u i t i n g  and 
ma tu ra t i on  stages. I n  general ,  t h e  hazard f rom i n f e s t a t i o n s  by pests  i n  t h i s  
group i s  s i m i l a r  i n  a l l  t i l l a g e  systems. I n f o r m a t i o n  c u r r e n t l y  a v a i l a b l e  
i n d i c a t e s  t h a t  t h e  survey methods, a c t i o n  th resho lds  and c o n t r o l  procedures 
developed f o r  these pests  i n  c o n v e n t i o n a l - t i l l a g e  systems are r e a d i l y  
adaptable t o  c o n s e r v a t i o n - t i l l a g e  systems, b u t  f i e l d  s t u d i e s  are r e q u i r e d  t o  
v e r i f y  t h e  e x t e n t  o f  t h e  problem f o r  each pes t /c rop  s i t u a t i o n .  

Corn Earworm, H e l i o t h i s  zea (Boddie).  The co rn  earworm i s  a major 
pes t  o f  co rn  and o the r  f i e l d  crops (soybeans, smal l  g ra ins ,  e tc . )  when 
c o n s e r v a t i o n - t i l l a g e  p roduc t ion  systems are fo l lowed.  

Increases i n  i n j u r y  f rom t h e  corn earworm i n  corn  have n o t  been observed 
i n  c o n s e r v a t i o n - t i l l a g e  systems, except when crops a re  p l an ted  l a t e r  than 
normal ( A l l  and Ga l l ahe r  1976). Roach (1981a) r e p o r t e d  t h a t  H e l i o t h i s  
spp. popu la t i ons  were s i m i l a r  i n  comparisons o f  c o n s e r v a t i o n - t i l l a g e  and 
c o n v e n t i o n a l - t i l l a g e  systems i n  c o t t o n  and tobacco. However, he found t h a t  
g rea te r  numbers o f  moths emerged from t h e  c o n s e r v a t i o n - t i l l a g e  p l o t s  (Roach 
1981b). Ser ious  damage from t h e  corn  earworm has occur red  on corn and sorghum 
p lan ted  as t h e  second c rop  i n  a double- cropping system ( A l l  1980a). 

Concern has been expressed t h a t  severa l  insec ts ,  l i k e  t h e  corn earworm, 
w i l l  be favored  i n  c o n s e r v a t i o n - t i l l a q e  systems because pupat ion  s i t e s  a re  
no t  des t royed  by t i l l a g e  and because ground cover p rov ides  p r o t e c t i o n  f rom 
n a t u r a l  enemies (Hoards 1970, Watson e t  a l .  1974, Roach 1981b). Th i s  has 
no t  occur red  p robab ly  because h igher  popu la t ions  o f  n a t u r a l  enemies occur 
i n  c o n s e r v a t i o n - t i l l  age. The l e v e l  of p reda t i on  o f  pupa t ing  earworms appears 
t o  be h igher  i n  c o n s e r v a t i o n - t i l l a g e .  Also, H e l i o t h i s  spp. pes ts  feed on a 
wide v a r i e t y  o f  c rop  p l a n t s  and have a s t r o n g  m i g r a t o r y  behavior .  D ispersa l  
p a t t e r n s  f rom c o n s e r v a t i o n - t i l l a g e  f i e l d s  appear t o  be s i m i l a r  t o  t h a t  f rom 
convent iona l- t i  l l age f i e l d s .  

Crop s e l e c t i o n  i s  a wise pest-management cons ide ra t i on  f o r  corn earworm 
c o n t r o l  i n  c e r t a i n  c o n s e r v a t i o n - t i l l a g e  systems such as double- cropping, where 
l a t e  p l a n t i n g  dates o f t e n  cannot be avoided. Soybean as t h e  second c rop  would 
r e c e i v e  s u b s t a n t i a l l y  l ess  damage from la te- season earworm popu la t ions  than  
would corn o r  sorghum as t h e  second c rop  ( A l l  and Rogers 1983). A wide 
v a r i e t y  o f  e f f e c t i v e  i n s e c t i c i d e s  are a v a i l a b l e  f o r  c o n t r o l  o f  earworm 
i n f e s t a t i o n s  ( A l l  1979c). The use o f  i n s e c t i c i d e s  p a r t i c u l a r l y  i n  corn i s  
n o t  always economical due t o  an un favorab le  c o s t / b e n e f i t  r e l a t i o n s h i p  as a 
r e s u l t  o f  low c rop  va lue  and/or t h e  n e c e s s i t y  f o r  m u l t i p l e  app l i ca t i ons .  
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Grasshoppers, Redlegged Grasshopper, Melanoplus__ femurrubrum (DeGeer); 
D i f f e r e n t ia1 Grasshopper, Me1anopl us d i f f e r e n t ial is (Thomas ) ; M i g r a t o r y  
Grasshopper, Mel anopl us sangui n i pes (F abr ic i us 1, e tc .  Recent s t u d i e s  _ _ _  - _~
i n d i c a t e  t h a t  grasshoppers may be a s i g n i f i c a n t  problem i n  c e r t a i n  
c o n s e r v a t i o n - t i l l a g e  systems (S loderbeck and Edwards 1979, D. A. Cross ley ,  
I n s t .  o f  Ecology,  U n i v e r s i t y  o f  Georgia, Athens, personal  communication, Aug. 
1983).  Grasshoppers a r e  t h e  paradigm o f  g r a z i n g  i n s e c t s .  Crop dec imat ions b y  
these  pes ts  a r e  w e l l  known th roughou t  t h e  wor ld .  Grasshopper i n f e s t a t i o n s  
i n  c o n s e r v a t i o n - t i l l a g e  systems have been r e p o r t e d  f o r  double- cropping systems 
where corn,  sorghum o r  soybeans f o l l o w  sma l l  g r a i n s  i n  a r o t a t i o n .  A l though  
no major  outbreaks o f  grasshoppers i n  l a r g e - s c a l e  c o n s e r v a t i o n - t i l l a g e  
o p e r a t i o n s  have been repor ted ,  t h e  p o t e n t i a l  shou ld  be recogn ized  i n  o r d e r  
t o  a v o i d  t h e  d e v a s t a t i o n s  f r o m  grasshoppers. 

I n  doub le- c ropp ing  systems, c l o s e  examinat ion o f  f i e l d s  d u r i n g  t h e  g e r m i n a t i o n  
and s e e d l i n g  phase o f  t h e  second c r o p  f o l l o w i n g  smal l  g r a i n s  shou ld  be made, 
e s p e c i a l l y  i n  areas w i t h  p e r i o d i c  grasshopper outbreaks.  A c t i o n  t h r e s h o l d s  
v a r y  w i t h  crops,  grasshopper spec ies  and r e g i o n .  I n f o r m a t i o n  developed f o r  
c o n v e n t i o n a l - t i l l a g e  crops i n  a p a r t i c u l a r  r e g i o n  shou ld  be a p p l i c a b l e  t o  
c o n s e r v a t i o n - t i l l a g e  systems. Occas iona l  i n t e n s i v e - t i l l a g e  o p e r a t i o n s  may be 
r e q u i r e d  i n  some r e g i o n s  t o  reduce t h e  numbers o f  o v e r w i n t e r i n g  eggs. 
Grasshopper p o p u l a t i o n s  t e n d  t o  b u i l d  up i n  weedy h a b i t a t s  and m i g r a t e  i n t o  
crops;  t h u s  good ear ly- season weed c o n t r o l  i n  t h e  areas ad jacen t  t o  c r o p  
f i e l d s  and i n  sma l l  g r a i n s  may be b e n e f i c i a l .  R e s i s t a n t  v a r i e t i e s  o f  sorghum 
s h o u l d  be s e l e c t e d  over  n o n r e s i s t a n t  c o r n  o r  soybeans i f  t h i s  r o t a t i o n  i s  
compat ib le  w i t h  t h e  fa rm- produc t ion  program. Grasshoppers can be c o n t r o l l e d  
w i t h  a v a r i e t y  o f  i n s e c t i c i d e s .  

Sorghum Midge, C o n t a r i n i a  s o r g h i c o l a  ( C o q u i l l e t t ) .  The sorghum midge 
i s -iia i n  many areas o f  t h e  wor ld .  I n  d i r e c t  comparisons 
m i  dge damage i n  c o n s e r v a t i o n - t i l l a g e  systems i s  u s u a l l y  s i m i l a r  (J. N. A l l ,  
un p u b l i s h e d  d a t a )  t o  t h a t  observed i n  c o n v e n t i o n a l - t i l l a g e  systems. I n  
c o n s e r v a t i o n - t i l l a g e  sorghum midge outbreaks have been observed i n  
doub le- c ropp ing  s i t u a t i o n s  where sorghum was p l a n t e d  l a t e .  Also,  heavy 
i n f e s t a t i o n s  have o c c u r r e d  i n  n o - t i l l a g e  systems where johnsongrass,  c o n t r o l  
i s  poor and moderate t o  h i g h  johnsongrass l e v e l s  were p resen t  d u r i n g  t h e  
sorghum f r u i t i n g  p e r i o d .  Johnsongrass i s  a t t a c k e d  b y  t h e  sorghum midge and 
has been i m p l i c a t e d  as an ear ly- season hos t  o f  o v e r w i n t e r i n g  popu la t ions .  I n  
many areas, t h e  f l o w e r i n g  o f  johnsongrass c o i n c i d e s  w i t h  peak midge emergence 
i n  t h e  s p r i n g  and i s  an i m p o r t a n t  f a c t o r  i n  promot ing t h e  development o f  
damaging midge i n f e s t a t i o n s  i n  sorghum (Roth and P i t r e  1975).  

C o n t r o l  o f  johnsongrass and e a r l y  p l a n t i n g  o f  sorghum have proved t o  be 
e f f e c t i v e  i n  c o n v e n t i o n a l - t i l l a g e  systems and shou ld  be u t i l i z e d  i n  
c o n s e r v a t i o n - t i l l a g e  sorghum where p o s s i b l e .  Because e a r l y  p l a n t i n g  may n o t  
be f e a s i b l e  i n  c e r t a i n  c o n s e r v a t i o n - t i l l a g e  systems ( i . e . ,  double- cropping) ,  
t h e  s e l e c t i o n  o f  shor t- season and u n i f o r m- f l o w e r i n g  sorghum v a r i e t i e s  shou ld  
be h e l p f u l .  

Sorghum midge a d u l t s  are  v u l n e r a b l e  t o  s e v e r a l  i n s e c t i c i d e s .  An 
i n s e c t i c i d e  program f o r  midge c o n t r o l  may be necessary  i n  areas w i t h  a h i s t o r y  
o f  midge outbreaks.  Spray a p p l i c a t i o n s  o f  i n s e c t i c i d e s  must be made d u r i n g  
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t h e  p e r i o d  of sorghum f l owe r i ng  when a d u l t  midges are a c t i v e  (Huddleston e t  
a l .  1972). 

F a l l  Armyworm, Spodoptera f r u g i p e r d a  ( J .  E. Smi th) .  Damage f rom t h e  f a l l  
armyworm i s  s i m i l a r  t o  t h a t  from t h e  corn earworm i n  many respects. The f a l l  
armyworm has a s t r o n g  m i g r a t o r y  h a b i t ,  and i n  many a reas-o f  t h e  U n i t e d  S ta tes  
damage increases g r e a t l y  as t h e  growing season progresses. Devastat ing 
i n f e s t a t i o n s  have occur red  i n  bo th  corn and sorghum. But, l i k e  t h e  corn 
earworm, h i g h  popu la t i on  l e v e l s  are i n f l u e n c e d  more by l a t e  p l a n t i n g  than by 
the  t i l l a g e  system. 

Moths l a y  batches o f  eggs on f o l i age ,  and d u r i n g  outbreaks l a r v a e  q u i c k l y  
devour seedl ings,  l e a v i n g  o n l y  a s tub.  I f  i n f e s t a t i o n s  occur when corn i s  
s i l k i n g ,  up t o  s i x  l a r v a e  can be found i n  an ear, o f t e n  reduc ing  t h e  ear t o  
p u l p  (Sparks 1979). I n  t h e  South, t h e  f a l l  armyworm i s  cons idered a l i m i t i n g  
f a c t o r  t o  t h e  e f f i c i e n t  p roduc t i on  o f  corn i n  double- cropping systems. D i r e c t  
comparisons o f  n o - t i l l  age and c o n v e n t i o n a l - t i  1lage  systems assoc ia ted  w i t h  
double- cropping p r a c t i c e s  i n d i c a t e  t h a t  i n f e s t a t i o n s  were i n i t i a t e d  sooner on 
young corn  seed l ings  i n  t h e  c o n v e n t i o n a l - t i l l a g e  system ( A l l  1980b). L i t t l e  
damage was observed i n  n o - t i l l a g e  systems w h i l e  t h e  seed l ings  were growing 
w i t h i n  t h e  sma l l - g ra in  s tubb le .  However, as t h e  seed l ings  grew and became 
exposed above t h e  mulch, i n f e s t a t i o n s  occur red  r a p i d l y  and damage t o  o l d e r  
corn seed l ings  was equal t o  t h a t  observed i n  t h e  c o n v e n t i o n a l - t i l l a g e  system. 

I f  f e a s i b l e ,  l a t e  p l a n t i n g s  should be avoided t o  reduce f a l l  armyworm 
damage. I n  double- cropping c o n s e r v a t i o n- t i  1l age  systems where f a l l  armyworm 
hazards are high, c rop  s e l e c t i o n  i s  impor tant .  Soybeans and o the r  legumes a re  
l e s s  p r e f e r r e d  by f a l l  armyworm than grass crops. O f  t h e  grasses, sorghum i s  
l ess  vu lne rab le  than corn. Because damaging i n f e s t a t i o n s  occur r a p i d l y ,  e a r l y  
d e t e c t i o n  o f  f a l l  armyworm popu la t ions  i s  e s p e c i a l l y  impor tant .  A r e l i a b l e ,  
y e t  inexpensive, method o f  de te rmin ing  t h e  onset o f  f a l l  armyworm i n f e s t a t i o n s  
i s  placement o f  r e d  su rveyo r ' s  f l a g s  i n  s u s c e p t i b l e  crops. Moths r e a d i l y  
o v i p o s i t  on these f l a g s ,  and i n f e s t a t i o n s  can be de tec ted  be fo re  ser ious  
f eed ing  damage commences (Thomson and A l l  1982). I n s e c t i c i d e s  t h a t  are 
e f f e c t i v e  i n  c o n v e n t i o n a l - t i l l a g e  systems are e q u a l l y  e f f i cac ious  i n  
c o n s e r v a t i o n - t i l l a g e  systems ( A l l  1980a). 

V i r u s  Diseases. The two major  v i r u s  diseases, maize c h l o r o t i c  dwarf and 
maize dwar f  mosaic, can be ser ious  problems i n  c o n s e r v a t i o n - t i l l a g e  systems 
( A l l  1983) o f  co rn  p roduc t ion .  The ep idemio logy o f  these  diseases i nvo l ves  
t h e  i n t e r a c t i o n  o f  t h e  vec to rs ,  t h e  pathogens, and t h e  o v e r w i n t e r i n g  weed 
hos t  o f  t h e  pathogens, johnsongrass. Th i s  represen ts  a un ique m u l t i f a c e t e d  
cha l lenge  f o r  pes t  management ( A l l  e t  a l .  1981, A l l  1983).  

Maize c h l o r o t i c  dwar f  and maize dwarf  mosaic b o t h  p ro found l y  a f fec t  
corn growth. The most s t r i k i n g  symptom o f  bo th  diseases i s  s t u n t i n g  o f  
p lan ts ,  o f t e n  r e s u l t i n g  i n  severe y i e l d  reduc t ions .  Maize c h l o r o t i c  dwarf 
v i r u s  i s  t r a n s m i t t e d  by leafhoppers,  p a r t i c u l a r l y  t h e  b lack- faced  leafhopper,  
G ram ine l l a  n i g r i f r o n s  Forbes. Maize dwarf  mosaic v i r u s  i s  vectored b y  severa l  
spec ies o f  aphids. Both diseases overw in te r  i n  rhizomes o f  johnsongrass, 
which i s  t h e  o n l y  pe renn ia l  hos t  o f  these v i ruses .  

The presence o r  abundance o f  t h e  vec to r s  and presence o f  t h e  
o v e r w i n t e r i n g  hos t  of t h e  pathogens, johnsongrass, a t  va r i ous  t imes i n  
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the  season i n f l u e n c e  the  r a t e  a t  wh ich  d i s e a s e  i s  sp read  w t h i n  f i e l d s .  
An a d d i t i o n a l  and h i g h l y  i m p o r t a n t  aspect  o f  t h e  impac t  of  t hese  d i s e a s e s  
i s  t h e  t i m e  when t h e  i n f e c t i o n  o c c u r s  i n  co rn .  I n  g e n e r a l  t h e  younger t h e  
p l a n t  a t  i n o c u l a t i o n ,  t h e  g r e a t e r  t h e  s e v e r i t y  o f  t h e  disease(s) and t h e  l o s s  
i n  y i e l d .  

A v a r i e t y  o f  management s t r a t e g i e s  f o r  ma ize  c h l o r o t i c  d w a r f  and ma ize  
d w a r f  mosa ic  may b e  cons ide red .  The o b j e c t i v e  i s  t o  d i s r u p t  one o r  more l i n k s  
i n  t h e  v i r u s / v e c t o r / j o h n s o n g r a s s / c o r n  i n t e r a c t i o n .  Corn h y b r i d s  w i t h  modera te  
t o  h i g h  t o l e r a n c e  f o r  t h e  d i s e a s e s  a r e  a v a i l a b l e .  Some s y s t e m i c  i n s e c t i c i d e s ,  
a p p l i e d  a t  p l a n t i n g ,  e f f e c t i v e l y  c o n t r o l  t h e  l e a f h o p p e r  v e c t o r s  o f  ma ize  
c h l o r o t i c  dwar f  and r e s u l t  i n  reduced d i s e a s e  l o s s  ( A l l  e t  a l .  1976, 1977; A l l  
and A l v e r s o n  1979).  These s y s t e m i c  i n s e c t i c i d e s ,  a l t h o u g h  e f f e c t i v e  a g a i n s t  
aph ids ,  a r e  n o t  e f f e c t i v e  i n  r e d u c i n g  t r a n s m i s s i o n  o f  m a i z e  d w a r f  mosa ic  (Kuhn 
e t  a l .  1975). E a r l y  p l a n t i n g  o f  c o r n  r e s u l t s  i n  reduced  d i s e a s e  i n c i d e n c e  
because l a r g e  v e c t o r  p o p u l a t i o n s  a r e  avoided. Also,  i r r i g a t i o n  and optimum 
f e r t i l i z a t i o n  p r a c t i c e s  a r e  u s e f u l  i n  a i d i n g  t o l e r a n c e  o f  c o r n  t o  t h e  
d i seases .  The t h r e s h o l d  f o r  r e d u c i n g  j ohnsongrass  p o p u l a t i o n s  t o  m i n i m i z e  t h e  
i n c i d e n c e  o f  t h e  v i r u s  d i s e a s e s  i s  l o w e r  t han  t h e  t h r e s h o l d  t o  e l i m i n a t e  i t  as 
a weed p e s t .  T h e r e f o r e ,  crop r o t a t i o n  w i t h  a n o n c e r e a l  c rop ,  l i k e  soybeans, 
may be  a d v i s a b l e  i n  s i t u a t i o n s  where a h i s t o r y  o f  t h e  v i r u s  d i s e a s e  and 
j ohnsongrass  c o e x i s t .  T h i s  t a c t i c  has s p e c i a l  m e r i t  s i n c e  o v e r - t h e - t o p  
h e r b i c i d e s  can be  used t h r o u g h o u t  t h e  season i n  soybean f i e l d s  t o  e r a d i c a t e  
j ohnsongrass ,  and d i s e a s e - f r e e  c o r n  p r o d u c t i o n  may be  p o s s i b l e  d u r i n g  
subsequent  y e a r s  ( A l l  1983) .  

The opt imum management s t r a t e g y  f o r  m a i z e  c h l o r o t i c  dwar f  and m a i z e  
d w a r f  mosa ic  i n  c o n s e r v a t i o n - t i l l a g e  systems i s  a program u t i l i z i n g  a l l  
o f  t h e  t a c t i c s  o u t l i n e d .  However, c o s t / b e n e f i t  r e l a t i o n s h i p s  i n d i c a t e  
t h a t  d i s e a s e - r e s i s t a n t  h y b r i d s  and e a r l y  p l a n t i n g  a r e  t h e  most e f f i c i e n t  
management s t r a t e g i e s  f o r  t h e s e  d i seases .  A t - p l a n t i n g  a p p l i c a t i o n s  of 
s y s t e m i c  i n s e c t i c i d e s  i n  c o m b i n a t i o n  w i t h  t h e s e  t a c t i c s  may b e  j u s t i f i e d  
when d i s e a s e  l e v e l s  a r e  h i g h  o r  when t h e  p e s t i c i d e  a l s o  i s  used f o r  o t h e r  
p e s t s  t h a t  a r e  p r e s e n t  ( A l l  1983) .  

M i s c e l l a n e o u s  P o s t s e e d l  i n g  Pests .  S e v e r a l  o t h e r  i n s e c t  p e s t s  a t t a c k  
p o s t s e e d l i n g  s tages  o f  c r o p s  and a r e  p o t e n t i a l l y  damaging i n  c o n s e r v a t i o n - 

t i l l a g e  p l a n t i n g s .  L i m i t e d  r e s e a r c h  d a t a  a r e  a v a i l a b l e  on t h e  r e l a t i v e  impac t  

o f  some o f  t h e s e  p e s t s  i n  c o n s e r v a t i o n - t i l l a g e  systems,  but  t h e i r  b i o l o g i e s  i n  

c o n v e n t i o n a l - t i l l a g e  systems sugges t  t h a t  t h e  impac t  o f  t h e s e  p e s t s  may be  

i m p o r t a n t .  The sou thwes te rn  c o r n  bo re r ,  D i a t r a e a  g r a n d i o s e l l a  (Dya r ) ,  and t h e  

s o u t h e r n  c o r n s t a l k  b o r e r ,  D i a t r a e a  c ramb ido ides  (Grote), have been observed a t  

l ow  l e v e l s  i n  c o n t i n u o u s  n o - t i l l a g e  c o r n f i e l d s  (Grego ry  and M u s i c k  1976; A l l  

and G a l l a h e r  1976 ) . 

P s e u d o p l u s i a  i n c l u d e n s  (Walker ) ,  t h e  g reen  c loverworm, P l a t h y p e n a  s c a b r a  


V a r i o u s  d e f o l i a t i n g  p e s t s  such as t h e  soybean l oope r ,  

( F a b r i c i u s ) ,  the v e l v e t b e a n  c a t e r p i l l a r ,  A n t i c a r s i a  g e m m a t a l i s  Huebner, and 
s e v e r a l  s p e c i e s  o f  armyworm o c c u r  on c o n s e r v a t i o n - t i l l a g e  c r o p s  a t  about  t h e  
same i n t e n s i t y  as i n  c o n v e n t i o n a l - t i l l a g e .  Mex ican bean b e e t l e ,  E p i l a c h n a  
v a r i v e s t i s  Mu lsan t ,  p o p u l a t i o n s  were reduced  i n  soybeans p l a n t e d  i n  n o - t i l l a g e  
systems compared d i r e c t l y  t o  c o n v e n t i o n a l - t i l l a g e  (S lode rbeck  and Edwards 
1979) .  The c h i n c h  bug, B l i s s u s  l e u c o p t e r u s  l e u c o p t e r u s  (Say), has been 
observed i n t e r m i t t e n t l y  i n  d o u b l e - c r o p p i n g s y s t e m s  o f  n o - t i l l a g e  c o r n  p l a n t e d  
a f t e r  h a r v e s t  o f  s m a l l  g r a i n s  f o r  s i l a g e  o r  g r a i n .  
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Bird problems occur in harvest-stage crops. Damage to corn is common,
and bird losses in sorghum can be tremendous in conservation-tillage systems.
However, observation indicates that bird problems in harvest-stage crops are 
similar in conventional-tillage and conservation-tillage systems ( J .  N. All,
unpubl i shed data). 

BIOLOGICAL CONTROL. The environment near the soil surface in 
conservation-tillage systems provides a habitat that supports higher numbers 
and a greater diversity of arthropods than does conventional-tillage systems.
Many of these arthropods, particularly spiders and Carabidae and Staphylinidae
beetles, are predatory on many pest insects (House and All 1981; Blumberg and 
Crossley 1982; McPherson et al. 1982; House and Stinner 1983). When high
populations of predators are present in conservation-tillage fields at the 
time crops are germinating and becoming established, reduction in damage by
seed/seedling pests has been substantial. The actual role of predatory
arthropods in controlling pests in conservation-tillage systems needs further 
study. The process involves a complex interaction between many abiotic and 
biotic factors in the unique environment of a particular conservation-tillage 
system. It is becoming increasingly evident that these predatory arthropods
aid in preventing outbreaks of pests in crops produced using
conservation-ti 1 1 age systems . 

Increased moisture, reduced temperature and reduced lighting occur 

within the mulch residues and on the soil surfaces under conservation-tillage

systems. Such conditions are more favorable for the development of certain 

disease epizootics in pest populations (Burges and Hussey 1971). Several 

insect pathogens, especially fungi and entomophilic nematodes and perhaps

viruses and bacteria, may be enhanced in conservation-tillage habitats. 

Higher populations of entomophilic rhabditoid nematodes were observed in 

no-tillage as compared to conventional-tillage sorghum (M. C. Saunders and 

J. N. All, unpublished data). Additional research is needed on the influence 

of conservation-tillage systems on insect pathogens. 


CONCLUSIONS. Insect pest management in conservation-tillage systems is 

complex. Current knowledge indicates that some pests may behave differently

in conservation-tillage systems than in conventional-tillage systems.

However, management strategies still involve long-standing principles of 

applied entomology. The entomologist's challenge has been and still is to 

develop management programs based on the biological idiosyncrasies of the 

insect/crop/environment interaction. When anxiety and ignorance about the 

impact of conservation-tillage on pest problems are eliminated, management

strategies can be developed. In conservation-tillage systems it is apparent

that many of the pest-management strategies that have been developed for 

specific pests in conventional-tillage systems are readily adaptable to 

conservation-tillage systems. In certain situations, such as with cutworms,

wireworms, aphid-ant complexes, slugs, rodents and birds, new pest-management

strategies must be developed. Generally, agronomic practices that promote

rapid growth and establishment of the crop for specific site conditions (i.e.,

soil type, fertility, hybrids) are important. The depredation of pests is 

minimized when optimal growing conditions occur. 
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