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Effect of Crop Rotation and Tillage on Nematode Densities 
in Tropical Corn 1 

R. MCSORLEY AND R. N. GALLAHER 2 

Abstract: Effects of tillage and crop rotation on nematode densities in tropical corn (Zea mays cv. 
Pioneer X304C) were examined in a factorial experiment  with two rotation crops and two tillage 
practices (no-fill vs. conventional-till), conducted in each of three seasons (1990-1992) in nor th  
Florida. The  rotation treatments consisted of sorghum (Sorghum bicolor cv. DeKalb BR64) or soybean 
(Glycine max) grown dur ing the 1989 season. Densities of  Meloidogyne incognita (race 1) remained 
lower th roughout  the growing season in corn following sorghum than in corn plots following soy- 
bean. This effect was observed clearly even in the third consecutive corn crop. In 1990, densities of  
Criconemella spp. were initially higher  in plots planted to sorghum the previous year, but by the end 
of  the subsequent corn crop, no differences were evident. Paratrichodoru~ minor and Pratylenchus spp. 
(primarily P. scribneri) were mostly unaffected by the crop rotation treatments, but in a few instances, 
Pratylenchus spp. densities were higher  in conventional than in no-till plots. In  general, tillage had 
little effect on densities of  most nematodes examined, and rotation appears to be more important  
than tillage for managing plant-parasitic nematodes under  these conditions. 

Key words: corn, Criconemella spp., crop rotation, cropping systems, cultural practices, Glycine max, 
Meloidogyne incognita, nematode, Paratrichodorus minor, Pratylenchus scribneri, sorghum, Sorghum bi- 
color, soybean, tillage, Zea mays. 

The decline of  nematicide-based tech- 
nology has left growers in the southeastern 
United States with relatively few effective 
op t ions  for  m a n a g i n g  p lan t -paras i t ic  
nematodes  in many agricultural crops. 
Two alternatives that can often be imple- 
mented with some degree of  success are 
crop rotation and changes in tillage prac- 
tices (13,17). 

The  efficacy of  rotation crops in mini- 
mizing buildup of  certain plant-parasitic 
nematodes  in c ropping  systems in the 
southeastern Uni ted States is relatively 
well documented (11,13,18,24). In north 
Florida, some cover crops grown in the 
previous winter (12,13,15,19) and rotation 
crops grown during the previous summer 
(9,13,14,25) can limit densities of  root- 
knot nematodes (Meloidogyne spp.) prior to 
the establishment of  a susceptible summer 
cash crop. For example, summer rotation 
crops of  certain sorghum (Sorghum bicolor) 
cultivars were beneficial in limiting popu- 
lation growth of  M. incognita (8,14). Re- 
cently, uncommon crops such as velvet- 
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bean (Mucuna deeringiana) were tested as 
rotation crops to limit root-knot nema- 
todes (16,23,24). 

Effects of  tillage practices on nematode 
densities have been inconsistent, and in 
general relatively little is known about the  
impact of  conservation tillage on nema- 
tode management (17). Densities of  some 
nematode populations have shown slight 
increases in no-till compared with conven- 
tional-till plots (6,27), although in Indiana, 
densities of  Pratylenchus scribneri in soybean 
(Glycine max) were g rea te r  in patches  
within plots receiving conventional tillage 
(1). In other instances, effects of  tillage on 
densities of  plant-parasitic or free-living 
nematodes were temporary,  and varied 
over time (4,20,26). In Georgia (2,3,17) 
and Florida (8), significant differences in 
nematode densities between no-till and 
conventional-till treatments usually have 
not been observed. In Florida, nematode 
densities have been affected by more dis- 
ruptive tillage practices, such as subsoiling 
(22). 

The objective of  our study was to deter- 
mine the effects of  tillage and crop rota- 
tion on nematode densities. Both treat- 
ments were imposed simultaneously so 
they could be compared directly in terms 
of  nematode population increases on a 
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tropical corn (Zea mays) crop. The experi- 
ment was maintained for 3 years to ob- 
serve long- term effects o f  rotat ion on 
nematode densities. 

MATERIALS AND METHODS 

Experiments were conducted at the Uni- 
versity of  Florida Green Acres Agronomy 
Research Farm from 1990 to 1992. The 
soil type was an Arredondo  sand (94% 
sand, 3.5% silt, 2.5% clay), with pH 6.2 and 
1.7% organic matter. Conventional and 
no-till plots at this site had been main- 
tained for 14 years as part of  a double- 
cropping rotation involving soybean or 
so rghum dur ing  the s u m m e r  and oat 
(Avena sativa) during the winter. In the 
spring of  the 15th year (1990), a factorial 
exper iment  with tropical corn Pioneer 
Brand X304C was initiated on the site. 
Corn was planted in plots where 'Centen- 
nial' soybean or 'DeKalb BR64' sorghum 
crops had been planted during the previ- 
ous summer (1989). The  factorial involved 
the two crop rotations and the two tillage 
treatments (conventional and no-till). All 
combinations were replicated four times, 
and the experiment was repeated in 1991 
and 1992 in the same plots. In all seasons, 
individual plots consisted of  four rows, 10 
m long. 

Before planting a winter crop of 'Florida 
501' oat each year (19 November 1989, 20 
November 1990, and 13 December 1991), 
0.5 kg a.i. gramoxone/ha was broadcast to 
kill small weeds. Oat plots were fertilized 
with a total 138 kg N, 25 kg P, and 95 kg K 
per ha each year. Nitrogen was applied at 
39%, 55%, and 6% of  the total at planting, 
mid-February, and early March, respec- 
tively. Thirty percent of  the P and K was 
appl ied  at p lant ing  and 70% in each 
March. A rate of  0.56 kg a.i. 2,4-D/ha was 
sprayed in mid-January each year to con- 
trol winter broadleaf  weeds. Oats were 
harvested for grain, and plots were mowed 
in May each season. In conventional-till 
plots, the soil was rototilled twice before 
planting corn. 

Prior to planting corn (15 May 1990, 14 

May 1991, and 29 May 1992), plots were 
sprayed with 2.2 kg a.i. glyphosate/ha to 
kill existing weeds. Tropical  corn was 
planted directly into no-till or conven- 
tional-till plots in 0.75-m-wide rows with a 
two- row B r o w n - H a r d e n  S u p e r s e e d e r  
(Brown Mfg. Co., Banks, AL). Corn plots 
were also sprayed preemergence each year 
with 1.7 kg a.i. atrazine/ha plus 1.12 kg a.i. 
metolachlor/ha for residual weed control. 
Additional weed control was from a post- 
directed application of  0.5 kg a.i. gramox- 
one/ha. Corn plots received a total of  192 
kg N, 6 kg P, 160 kg K, 25 kg Mg, and 50 
kg S per ha each year. Of  the total N, 40% 
was applied at planting, 20% was side- 
dressed when corn was 30 cm tall, and 40% 
was sidedressed when corn was 60 cm tall. 
Eighty-three percent of  K was applied at 
planting and the remaining 17% of  K and 
all P were applied when corn was 30 cm 
tall. All Mg and S was applied at planting. 

Plots were sampled for initial (Pi) nema- 
tode densities at planting of  the corn crop 
each year. Final densities (Pf) were as- 
sessed at harvest of  the corn crops on 17 
September 1990, 24 September 1991, and 
21 September 1992. Each soil sample con- 
sisted of  six cores 2.5-cm x 20 cm deep 
collected within plant rows in a plot in a 
systematic pattern. A 100-cm s subsample 
was removed for nematode extraction us- 
ing a modified sieving and centrifugation 
p rocedure  (10). N e m a t o d e  count  data 
were log-transformed (logl0[x + 1]) before 
analysis of  variance (7). 

RESULTS 

Somewhat similar trends were observed 
in all three seasons (Tables 1-3). In two of 
t h r e e  s e a s o n s ,  i n i t i a l  d e n s i t i e s  o f  
Criconemella spp. (primarily C. ornata with a 
few [<20%] C. sphaerocephala) showed 
some effects from the 1989 rotation crop, 
with Pi higher (P ~< 0.10) in plots following 
sorghum than in those following soybean 
(Tables 1,3). These differences were more 
evident in 1990 than in 1992, but  in both 
cases, they disappeared by the final sam- 
pling of  the corn crop. Densities of  M. in- 
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TABLE 1. E f f e c t s  o f  t i l l age  a n d  r o t a t i o n  c r o p  o n  in i t ia l  (Pi) a n d  f i n a l  (Pf) n e m a t o d e  d e n s i t i e s  o n  t r o p i c a l  
c o r n ,  1 9 9 0 .  

Til lage 

Previous 
s u m m e r  

crop?  

Nematodes /100 cm 3 soil 

Cricon~mella Meloidogyne Paratrichodorus Paratylenchus Pratylenchus 
spp. incognita minor spp. spp. 

Pi Pf  Pi Pf Pi Pf Pi Pf Pi Pf  

No- t i l l  
No- t i l l  
C o n v e n t i o n a l  
C o n v e n t i o n a l  
A N O V A  e f f ec t s :  

T i l l a g e  
P r e v i o u s  c r o p  
T i l l a g e  × 

p r e v i o u s  c r o p  

S o y b e a n  4 0  138  1 3 4 2 5 4  2 5 3 3 8  
S o r g h u m  9 8  2 0 2  0 0 3 3 147 2 6 196  
S o y b e a n  2 0  2 4 6  0 10 3 4 4 8  0 3 7 3 4  
S o r g h u m  138  3 1 4  0 0 3 5 10 12 0 5 6  

ns  ns  - -  ns  ns  10% ns  ns  ** n s  
*** ns  - -  * ns  ns  ns  ns  * ** 

* ns  - -  ns  ns  ns  ns  ns  1 0 %  * 

Data are  u n t r a n s f o r m e d  means  o f  four  replications. Data  were t r ans fo rmed  by logx0(x + 1) pr ior  to analysis o f  variance 
(ANOVA).  *, **, *** indicate significant effects at  P ~< 0.05, P ~< 0.01, and  P ~< 0.001, respectively; 10% = significant at P ~< 
0.10; ns = effect  not  significant at P ~< 0.10. Dashes " - - "  indicate da ta  too sparse to analyze because all counts  were conta ined 
in a single replication. 

i" C rop  g r o w n  in s u m m e r  in 1989. 

cognita (race 1) were low initially in every 
season following the winter oat crop and 
showed no differences (P ~< 0.10) with 
treatment, but Pf on the corn crop was al- 
ways higher (P ~< 0.05) in plots that had 
been planted to soybean than in those 
planted to sorghum in 1989 (Tables 1-3). 
Except for a slight increase in Pf in con- 
ventional-till plots compared with no-till 
plots in 1990 (Table 1), densities of Paratri- 
chodorus minor were generally unaffected 
by the tillage or cropping treatments. Den- 

sities of P. minor in all plots increased on 
the oat crop during the winter of  1990- 
1991 (compare Pf in Table 1 with Pi in 
Table 2). Paratylenchus spp. densities were 
highly variable and declined on the corn 
crop in all three seasons. Initial densities of 
Pratylenchus spp. (mostly P. scribneri with a 
few specimens [<2%] of  P. brachyurus) 
were affected by tillage in two seasons, but 
differences disappeared by the end of the 
corn crop (Tables 1,3). In 1991, however, 
there were no differences initially, but by 

TABLE 2.  E f f e c t s  o f  t i l l age  a n d  r o t a t i o n  c r o p  o n  in i t ia l  (Pi) a n d  f i n a l  (Pf) n e m a t o d e  d e n s i t i e s  o n  t r o p i c a l  
c o r n ,  1 9 9 1 .  

Previous 
Tillage c r o p t  

Nematodes/100 cm 3 soil 

CriconemeUa Meloidogyne Paratrichodorus Paratylenchus Pratylenchus 
spp. incognita minor spp. spp. 

Pi Pf  Pi Pf Pi Pf  Pi Pf Pi Pf 

No- t i l l  
No- t i l l  
C o n v e n t i o n a l  
C o n v e n t i o n a l  
A N O V A  e f f ec t s :  

T i l l a g e  
P r e v i o u s  c r o p  
T i l l a g e  × 

p r e v i o u s  c r o p  

S o y b e a n  361  3 7 4  10 2 6  2 0  2 4  0 0 4 8  6 0 8  
S o r g h u m  160  2 3 4  0 2 34  4 8  0 0 186  4 4 0  
S o y b e a n  149  291  1 104  2 4  6 4  0 0 221  1 , 3 5 0  
S o r g h u m  391  6 4 7  0 1 4 9  52  3 0 189  1 , 3 2 5  

ns  ns  ns  ns  ns  ns  - -  - -  ns  ** 
ns  ns  ns  * ns  ns  - -  - -  ns  ns  

ns  * ns  ns  ns  ns  - -  - -  ns  n s  

Data are  u n t r a n s f o r m e d  means  o f  four  replications. Data were t r ans fo rmed  by logt0(x + 1) p r io r  to analysis o f  variance 
(ANOVA).  *, ** indicate significant effects at  P ~< 0.05 a n d  P ~< 0.01, respectively; ns = effect not  significant at P ~< 0.10. 
Dashes " - - "  indicate da ta  too sparse to analyze because all counts were conta ined in a single replication. 

"~ Cf-op g r o w n  in s u m m e r  o f  1989; corn was g rown in s u m m e r  o f  1990. 



TABLE 3. 
c o r n ,  1992 .  
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E f f e c t s  o f  t i l l age  a n d  r o t a t i o n  c r o p  o n  in i t ia l  (Pi) a n d  f i n a l  (Pf) n e m a t o d e  d e n s i t i e s  o n  t r o p i c a l  

Tillage 
Previous 

c r o p t  

Nematodes /100 cm s soil 

Criconemella Meloidogyne Paratrichodorus Paratylenchus Pratylenchus 
spp. incognita minor spp. spp. 

Pi Pf Pi Pf  Pi Pf Pi Pf Pi Pf 

No- t i l l  
No- t i l l  
C o n v e n t i o n a l  
C o n v e n t i o n a l  
A N O V A  e f f ec t s :  

T i l l a g e  
P r e v i o u s  c r o p  
T i l l a g e  × 

p r e v i o u s  c r o p  

S o y b e a n  3 4 7  5 5 2  1 112  4 5  3 9  0 0 199  1 , 8 6 6  
S o r g h u m  4 6 0  6 4 3  0 0 4 0  4 0  3 3  0 144  1 , 9 6 4  
S o y b e a n  4 4 8  1 , 1 7 8  3 91 52  23  0 0 341  2 , 1 6 4  
S o r g h u m  9 6 5  9 9 9  0 3 4 8  3 8  1 0 2 4 1  2 , 4 8 7  

ns  ns  ns  ns  ns  ns  - -  - -  1 0 %  ns  
1 0 %  ns  ns  * ns  ns  - -  - -  ns  ns  

ns  ns  ns  ns  ns  ns  - -  - -  ns  n s  

Data  a re  u n t r a n s f o r m e d  means  o f  four  replications. Data were t r ans fo rmed  by logl0(x + 1) p r io r  to analysis o f  var iance 
(ANOVA).  * indicates significant effect at  P ~< 0.05; 10% indicates significance at P ~< 0.10; ns = effect not  significant at  P 
~< 0.10. Dashes . . . .  indicate da ta  too sparse to analyze because all counts  were conta ined in a single replication.  

"~ Crop  g rown  in 1989; corn  was g rown in summers  o f  1990 and  1991. 

the end of  the season, Pf  was much higher 
(P ~< 0.01) in conventional-till plots (Table 
2). Effects from previous crops and inter- 
actions on Pratylenchus spp. densities were 
evident only in 1990 (Table 1), when the 
highest Pf was reached in conventional-till 
plots that had been previously planted to 
soybean. 

D I S C U S S I O N  

Corn is a good host for most of  the 
nematodes present in our  study site. A 
comparison of  the data over the three sea- 
sons of  corn production (Table 1-3) reveal 
a steady increase in the population densi- 
ties o f  most  n e m a t o d e s ,  pa r t i cu la r ly  
CriconemeUa spp. and Pratylenchus spp., al- 
though Paratylenchus spp. declined over 
the 3 years. The  winter oat crop often fa- 
vored increases in population densities of  
CriconemeUa spp. and P. minor. However, 
densities of  M. incognita (race 1) declined 
in every winter on the oat crop, even 
though the oat cuhivar used (Florida 501) 
had moderate susceptibility to race 3 of  M. 
incognita in a greenhouse test (19). 

The cultural practices affected the vari- 
ous plant-parasitic nematodes in different 
ways. Paratrichodorus minor was affected lit- 
tle by tillage or rotation treatments. Meloid- 
ogyne incognita and Criconemella spp. were 
affected to some degree by rotation, but 

Pratylenchus spp. densities were affected 
more by tillage. 

No-till is important in corn production 
in the Southeast, primarily as a means of  
reducing inputs of  N fertilizers (21). Pre- 
vious work in Florida (5,8) and Georgia (2, 
3,17) has revealed relatively little impact of  
tillage on nematode densities. For the most 
part, these results are confirmed by the 
present study. Though not consistent, in- 
creases in Pratylenchus spp. densities in 
conventional-till over no-till plots were ob- 
served in a few cases, i.e., in 1992 Pi, in 
1991 Pf, and in an interaction in 1990 Pf 
resulting from the maximum densities in 
conventional-till plots following soybean. 
In our study, the Pratylenchus spp. popula- 
tion consisted almost entirely of  P. scrib- 
neri. Alby et al. (1) found higher densities 
of  this species in patches in conventional- 
till compared with no-till soybean plots, 
possibly due to increased root vigor. How- 
ever, results varied with quadrat  size (1), 
and therefore presumably would vary with 
plot size. Additional studies are needed to 
clarify the impact of no-till on P. scribneri. 

Rodriguez-K~tbana and Touchton (25) 
observed that the favorable effects of  rota- 
tion in reducing nematode densities may 
be lost if a susceptible crop is grown in the 
following season. To some extent, we ob- 
served this effect with Criconemella spp., 
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which  typically increase  m o r e  rap id ly  o n  
s o r g h u m  t h a n  o n  soybe a n  (9). Init ial  den -  
sities o f  Criconemella spp.  in the  f i rs t -year  
c o r n  c r o p  w e r e  h i g h e r  in plots  w h e r e  sor- 
g h u m  h a d  b e e n  g r o w n  the  y e a r  be fo re .  
H o w e v e r ,  fo l lowing  corn ,  a g o o d  hos t  f o r  
Criconemella spp. ,  P f  was similar  in all plots. 
N e v e r t h e l e s s ,  t h e r e  was  e v i d e n c e  t h a t  
s o m e  ro t a t i on  effects  o n  Criconemella spp.  
e x t e n d e d  even  in to  the  s e c o n d  a n d  th i rd  
c o r n  crops .  O n  the  o t h e r  h a n d ,  effects  o f  
r o t a t i o n  o n  Pratylenchus spp.  las ted only  
o n e  season  a n d  were  o v e r s h a d o w e d  by till- 
age  effects  in 1991 a n d  1992. 

Ce r t a in  cul t ivars  o f  s o r g h u m ,  i nc lud ing  
DeKa lb  BR64,  have  b e e n  effect ive  in main-  
t a in ing  low densi t ies  o f  M. incognita (9,14). 
I n  all t h r e e  seasons  d u r i n g  o u r  invest iga-  
t ion,  Pi o f  M. incognita in  the  c o r n  plots 
were  low a n d  n e a r  the  limits o f  de tec t ion ,  
bu t  P f  was h i g h e r  in c o r n  plots fo l lowing  
s o y b e a n  t h a n  in those  fo l lowing  s o r g h u m .  
P i o n e e r  X 3 0 4 C  t ropica l  c o r n  a p p e a r s  to be 
a ve ry  favorab le  hos t  to M. incognita (9), bu t  
P f  r e m a i n e d  excep t iona l ly  low (Pf  ~< 3/100 
c m  3 soil) t h r o u g h o u t  eve ry  season o n  c o r n  
in p lo ts  w h e r e  s o r g h u m  h a d  g r o w n  in 
1989. R o o t - k n o t  n e m a t o d e  densit ies fai led 
to  bui ld  u p  even  in the  th i rd  consecut ive  
c o r n  c r o p  fo l lowing  s o r g h u m .  Th i s  situa- 
t ion  is m u c h  d i f f e r e n t  f r o m  tha t  o b s e r v e d  
with M. arenaria in A labama ,  f o r  which  the  
benef ic ia l  e f fec ts  o f  a s o r g h u m  r o t a t i o n  
were  lost w h e n  p e a n u t  (Arachis hypogaea) 
was g r o w n  in the  n e x t  season  (25). Neve r -  
theless,  the  a d v a n t a g e s  o f  s o r g h u m  as a ro-  
ta t ion  c r o p  f o r  m a n a g i n g  M. incognita in 
F lo r ida  (8,9,14) a re  c o n f i r m e d  by the  re- 
sults p r e s e n t e d  here .  

O f  the  n e m a t o d e s  e x a m i n e d ,  the  m o s t  
d a m a g i n g  species a re  p r o b a b l y  M. incognita 
a n d  P. minor. Incen t i ve  to a d o p t  a cu l tura l  
prac t ice  specifically f o r  n e m a t o d e  m a n a g e -  
m e n t  w o u l d  d e p e n d  o n  its ef fect iveness  in 
m a n a g i n g  these  n e m a t o d e s .  W h e r e  M. in- 
cognita is t he  m a j o r  c o n c e r n ,  it m a y  be ad-  
v a n t a g e o u s  to prac t ice  ro t a t i on  with sor-  
g h u m ,  whe rea s  little ef fec t  f r o m  ro ta t ion  
o r  tillage o n  P. minor w o u l d  be ant ic ipated .  
I n  genera l ,  r o t a t i on  seems to be m o r e  im- 
p o r t a n t  t h a n  tillage f o r  m a n a g i n g  n e m a -  

todes  u n d e r  o u r  condi t ions .  T h u s  if  no-til l  
pract ices  a re  a d o p t e d  fo r  s o m e  o t h e r  rea-  
son  (e.g., N conserva t ion) ,  n o n - t a r g e t  o r  
u n i n t e n t i o n a l  effects  on  n e m a t o d e  densi-  
ties shou ld  no t  be o f  m u c h  conce rn .  
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