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Abstract: During a 6-year study of 1-, 2-, and 3-year crop rotations, population densities of Pratylenchus 
brachyurus, Trichodorus christiei, and Meloidogyne incognita were significantly affected by the choice of 
crops but not by length of crop rotation. The density of P. brachyurus and T. christiei increased rapidly on 
milo (Sorghum vulgate). In addition, populations ofP. brachyurus increased significantly in cropping systems 
that involved crotalaria (C. rnucronata), millet (Setaria italica), and sudangrass (Sorghum sudanense). Lowest 
numbers of P. brachyurus occurred where okra (Hibiscus esculentus) was grown or where land was fallow. 
The largest increase in populations of T. christiei occurred in cropping systems that involved millet, 
sudangrass, and okra whereas the smallest increase occurred in cropping systems that involved crotalaria or 
fallow. A winter cover of rye (Secale cereale) had no distinguishable effect on population densities of P. 
brachyurus or T. christiei. Meloidogyne incognita was detected during the fourth year in both newly cleared 
and old agricultural land when okra was included in the cropping system. Detectable populations of M. 
incognita did not develop in any of the other cropping systems. Yields of tomato transplants were higher on 
the newly cleared land than on the old land. Highest yields were obtained when crotalaria was included in the 
cropping system. Lowest yields were obtained when milo, or fallow were included in the cropping system. 
Length of rotation had no distinguishable effect on yields of tomato transplants. Key Words: Crop rotation, 
tomato transplants, Pratylenchus brachyurus, Trichodorus christiei, Meloidogyne incognita. 

Selection of  nonhost plants for managing 
populat ions of  plant parasitic nematodes is well 
established, and the composit ion and density o f  
nematode populat ions resulting from rotations 
are influenced by the crops grown (6, 8, 9, 11). 
Since soil characteristics, weather pat terns  and 
land management practices also influence the 
populat ion density of  nematodes (5, 8), it is 
important  to characterize the effect of  crop 
plants in terms o f  a particular environment.  
Consequently,  we studied the effects o f  five 
host plants and fallow in combinat ions of  1-, 2- 
and 3-year rotat ions on the populat ion 
d y n a m i c s  o f  Pra t y l enehus  brachyurus 
(Godfrey)  Filipjev and Schuurmans-Stekhoven, 
Trichodorus christiei Allen, and MeloMogyne 
incognita (Kofoid and White) Chitwood in 
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newly cleared and old agricultural land in the 
Southeastern United States. 

Crop rotat ion is perhaps the oldest and best  
means of managing plant parasitic nematode 
p o p u l a t i o n s  at  l ow  densities. In the 
Southeastern United States, several crops, 
i n c l u d i n g  c r o t a l a r i a ,  m i l l e t ,  'Coastal '  
Bermudagrass, bahiagrass, pangolagrass and 
sudangrass (6, 9, 10), have been used 
successfully in rotat ions for control  of 
r o o t - k n o t  nematodes (Meloidogyne spp.). 
However, increasing evidence indicates that 
these grain and grass crops favor the 
development o f  other  parasitic nematodes such 
as Belonolaimus longicaudatus Rau, P. 
braehyurus and T. christiei (1, 2, 3, 4, 7). 
Although P. brachyurus develops readily on 
crotalaria, this plant  reduces populat ions of  
many other plant parasitic nematodes (2, 3, 7). 

The number of  years nonhost  crops are 
grown can be positively correlated with the 
extent  of  reduction in populat ion density of  
plant parasitic nematodes.  The length o f  
rotat ion required to obtain successful results 
depends on crop plant  and nematode species 
involved. A 2- or 3-year rotat ion with nonhost  
crops is required to control  MeloMogyne spp. 
on tobacco (8, 9). At  least 7 years of  a nonhost  
crop are required for control  of  species of  cyst 
nematodes (Heterodera spp.) (5). Often,  
growing nonhost  crops is the only economically 
feasible way to avoid tremendous losses from 
nematodes.  Since nonhost crops of ten are not  
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as profitable as the main crop, shorter rotations 
increase profits. 

MATERIALS AND METHODS 

Two experiments were started in 1959; one 
on an area recently cleared of pine trees and 
underbrush (Tifton fine silt loam); and the 
other on an area which had been in cultivated 
crops of mixed types for 20-30 years (Tifton 
sandy loam). The experiments were identical, 
except for plot size, and each experiment was 
of the continuous type (each cropping system 
appeared each year). Twelve cropping systems, 
consisting of 1-, 2- and 3-year rotations, were 
replicated four times in a randomized complete 
block design. One-year cropping systems 
consisted of growing tomato transplants 
(Lycopersicon esculentum Mill) in the spring 
(March-May) followed by milo (Sorghum 
vulgate Pets.), crotalaria (Crotalaria mucronata 
Dev.), millet [Setaria italica (L.) Beauv.], 
sudangrass [Sorghum sudanense (Piper)Stapf], 
okra (Hisbiscus esculentus) or clean fallow 
(June-February). Two-year cropping systems 
consisted of tomato transplants every other 

spring with interim-year crops (June-February) 
of (i) crotalaria with winter rye (Secale cereale 
L.) the first year and crotalaria the second year; 
(it) two successive years of  crotalaria; (iii) 
fallow the first year and crotalaria the second 
year; or (iv) millet with winter rye the first year 
and crotalaria the second year. Three-year 
cropping systems consisted of growing tomato 
transplants in the spring every third year with 
interim-year crops of (i) crotalaria-rye the first 
year ,  crotalaria the second year and 
crotalaria-rye the third year; or (it) millet-rye 
the first year, crotalaria-rye the second year 
and crotalaria the third year. 

Individual plots on the new land consisted 
of two beds (15.2 × 1.5 m) with four rows per 
bed. On the old land, individual plots consisted 
of  three beds (15.2 × 1.5 m) with four rows per 
bed. At both locations, each plot was bordered 
on all sides by grassed waterways (15 m wide) 
to prevent spread of nematodes by erosion. 
Also, both experimental areas were fenced to 
prevent spread of nematodes by animals. 
Fertilization and cultivation were consistent 
with good farming practices of the area. 
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FIG. 1. Influence of  cropping systems on the population density ofPratylenchus brachyurus in newly cleared 
land. Points within the same ellipse are not significantly different (P = .05). C = crotalaria, M = millet, R = rye, S 
= sudangrass, F = fallow, and O = okra. Semicolons separate cropping systems and double slashes separate years 
within cropping systems. 
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FIG. 2. Influence of cropping systems on the population density ofPratylenchus brachyurus in old land. C = 
crotalaria, M = millet, R = rye, S = sudangrass, F = fallow, and O = okra. Semicolons separate cropping systems 
and double slashes ~parate years within cropping systems. 

Numbers o f  marketable tomato transplants 
were recorded in May from hand-pulled and 
-graded plants. Plants were also indexed for 
galling caused by Meloidogyne incognita. 

Soil samples for nematode assay were taken 
in the fall of  each year (November). In previous 
rotation studies in this geographic region, fall 
was determined to be the best single season to 
assay soil for nematodes (2, 3). Each sample, 
consisting o f  twenty cores (2.1 × 20-cm) 
randomly collected from each plot, was mixed 
thoroughly, a 150-cc aliquant wet-seived (20 
and 325 mesh) and Baermann-pan extracted for 
48 hr to separate nematodes from the soil. In 
addition, all crops at harvest were indexed for 
root-knot galling. Cropping systems that 
s u p p o r t e d  similar rates of  increase in 
population density of  a particular nematode 
species were grouped and are represented by a 
single population curve. 

RESULTS 

Populations ofP.  brachyurus and T. christiei 
were well established after 3 years of  certain 
cropping systems in both newly cleared and old 

agricultural land. Population densities of these 
nematodes increased most rapidly in the l-year 
cropping system involving milo (Fig. 1-4). The 
density of P. brachyurus also increased rapidly 
in 1-, 2- and 3-year cropping systems that 
involved crotalaria, millet or sudangrass (Fig. 1 
and 2). No appreciable increase of P. 
braehyurus occurred on okra or in bare 
fallowed plots. 

In addition to the significant increase in the 
l-year cropping system involving milo, the 
population density of  T. christiei increased 
substantially in cropping systems involving 
millet, sudangrass and okra (Fig. 3 and 4). 
There was no appreciable increase of  T. ehristiei 
in cropping systems involving crotalaria or 
fallow. A winter cover of  rye had no 
distinguishable effect on population density of 
either P. brachyurus or T. ehristiei. 

Root-knot nematodes, M. incognita, were 
detected during the fourth year in both newly 
cleared and old agricultural land where okra 
was a part o f  the cropping system. Severity of  
infection by M. ineognita increased each year 
after the fourth year until the experiments were 
terminated (Fig. 5). 



_ . . i  

i 

0 
t a . _  

0 

o 

! 

I=- 
Igl 

7g 
k,t 

120 Journal of Nematology, Vol. 5, No. 2, April 1973 

100  

9 0  

8 0  

6 0  

4 0  

2 0  

o 

I 

MILO j~ 
M. S; O. M-R/ /C;  M-RI/C-R//C-R .,[,'I 

........... C;' F; C-'RIIC; C/IC; F 

. . . .  

t /  
~ /  . . . . . . . . . . . . . .  ~ . . . . . .  

I i i I 

1961 1962  1963  1 9 6 4  
Y E A R  S A M P L E D  

FIG. 3. Influence of  cropping systems on the population density of  Trichodorus christiei in newly cleared 
land. Points within the same ellipse are not  significantly different (P = .05). M = millet, S = sudangrass, O = okra, 
R = rye, C = crotalaria, and F = f,,dlow. Semicolons separate cropping systems and double slashes separate years 
within cropping systems. 

Plant parasitic nematodes, which were not 
detected in either site at the beginning of the 
experiments, but which were detected after 4 
years of cropping systems that involved 
c r o t a l a r i a ,  mi l le t  and mi lo  were 
Helicotylenchus dihystera (Cobb) Sher, 
Tylenchorhynchus claytoni Steiner, and 
Hoplolaimus galeatus (Cobb) Thorne. 
Belonolaimus iongicaudatus Rau was detected 
in the old agricultural land after 4 years of 
cropping systems involving millet. 

Yields of tomato transplants were higher on 
the newly cleared land than on old land, but 
during the course of this experiment they were 
not significantly affected by the cropping 
system on new land. On the old land, yields 
were significantly affected by the cropping 
system. Significantly greater numbers of 
marketable transplants were obtained whenever 
crotalaria was included in the cropping system 
(Table l). Lowest yields were obtained when 
milo, sudangrass, millet, okra or fallow was a 
part of the cropping system. Length of rotation 
had no distinguishable effect on yield of 
tomato transplants. 

DISCUSSION 

Our data agree with previous studies 
showing increase in population densities of P. 
brachyurus and T. christiei in 1-year cropping 
systems (summer cover cropping) involving 
millet, sudangrass and crotalaria (2, 3). In 

addition, our experiments indicate that milo is 
a poor alternate crop for tomato transplant 
production because it rapidly increased the 
population density of P. brachyurus and T. 
christiei. Although fallow reduced population 
densities of these nematodes, fallow is not 
suitable for tomato transplant production 
because it reduces organic matter in the soil (9). 

Our data further indicate that 1 year of  
crotalaria is as effective as 2 or 3 years of 
crotalaria or rotations involving crotalaria and 
millet in maintaining low nematode populations 
and promoting good growth of tomato 
transplants. It should be mentioned that even 
though crotalaria occurs naturally on the 
Southern Coastal Plains, it is considered a 
noxious weed, and growing this plant as a crop 
is legally prohibited in Alabama, Arkansas, 
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crotalaria, and F = fallow. Semicolons  separate cropping systems and double  slashes separate years  within 
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]'ABLE 1. Influence of 12 cropping systems on yield 
of marketable tomato transplants in newly cleared 
and old agricultural land. 

Marketable Transplants/ha 
(× 1000) 

Cropping System a New Land Old Land 

One-year Rotation 
okra 548 333 
crotalaria 516 367 
fallow 511 206 
sudangrass 501 353 
millet 491 283 
milo 484 269 

Two-year Rotations 
crotalaria//crotalaria 577 370 
crotalaria-rye//crotalaria 558 320 
millet-ryeHcrotalaria 555 365 
fallow//cro t-,daria 523 365 

Three-year Rotations 
crotalaria-rye//crot alaria// 

cro talaria-rye 562 392 
mille t-rye//crotalaria-rye// 

crotalaria-rye 493 298 

LSD .05 n.s. 69 

a l -y r  rotation (tomato plants grown every year b e f o r e  
crop  listed); 2-yr r o t a t i o n s  ( t o m a t o  p lants  g r o w n  
every second year b e f o r e  c r o p s l i s t e d ) ;  3-yr rotations 
( t o m a t o  p lants  g r o w n  e ve r y  third year b e f o r e  c r o p s  
listed. All combinations occurred every  year.  Double 
slashes separate years within cropping systems. 

Mississippi and  N o r t h  Carol ina .  Because o f  the  
shor t  (6  weeks)  ear ly-spring growing  season,  
t o m a t o  t r a n s p l a n t s  do  n o t  c o n t r i b u t e  great ly  to  
n e m a t o d e  p o p u l a t i o n  changes ,  wi th  the  possible  
e x c e p t i o n  o f  M. incognita. However ,  M. 
incognita did  no t  increase  on  t o m a t o  
t r a n s p l a n t s  where  c rops  res i s tan t  to  r o o t - k n o t  
n e m a t o d e s  were pa r t  o f  a l -year  c ropp ing  
sys tem.  A s u m m e r  c rop  o f  okra was the  ma jo r  
fac tor  in the  increase o f M .  incognita. Okra  was 
se lected as a tes t  c rop  because  it is c o m m o n l y  
g rown  for  fresh m a r k e t  and  cann i ng  in the 
t o m a t o  t r a n s p l a n t  p r o d u c t i o n  area o f  the 
S o u t h e a s t e r n  U n i t e d  Sta tes .  However ,  we 

bel ieve t h a t  the  p r inc ip les  deve loped  here  will 
have app l i ca t i on  for  con t ro l l i ng  r o o t - k n o t  and  
o the r  n e m a t o d e s  in re la ted  c ropp ing  sys tems 
involving a n u m b e r  o f  n e m a t o d e - s u s c e p t i b l e  
crops.  
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