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Abstract: The population density of Meloidogyne incognita was significantly reduced in land that was fallowed or 
cropped to crotalaria, marigold, bermudagrass ,  or bahiagrass.  The rate of  populat ion decline caused by different 
cropping systems was influenced by initial population densities. Crotalaria, marigold, and bare fallow were about 
equally effective in reducing the density of  M. incognita below dctectable lcvels, usually requiring 1-3 yr. Bahiagrass 
and bcrmudagrass  required 4-5 yr or longer to reduce M. incognita below a detectable level. A high population 
density of  Trichodorus christiei developed in land cropped 5 yr to bermudagrass ,  bahiagrass,  okra, and marigold. 
Population densities of Pratylenchus brachyurus and Xiphinema americanum increased in land cropped to 
crotalaria or bermudagrass.  Belonolabnus Iongicaudatus was detected only in land cropped to bermudagrass,  The 
effectiveness of  nematicides in reducing M. incognita infection was rclatcd to nematode population density 
resulting from 5 yr of  different cropping systems. Treatment  with aldicarb reduced M. incognita below detectable 
levels following all cropping systems; treatment with e thoprop following all cropping systems except okra, 
treatment wflh ethylene dibromide following bahiagrass or fallow; and treatment with DBCP only after 5 yr of 
fallow. Tomato  transplant growth was affected .by both cropping systems and nematicide treatment.  Transplants  
grown after crotalaria and bahiagrass were significantly larger than those grown after other crops. Also, treatment 
with aldicarb and ethoprop significantly increased transplant size. Key Words: crop rotation, chemical control, 
tomato transplants.  

Two of the most commonly used and most 
effective practices for managing nematode 
populations at low densities are chemical soil 
treatment and crop rotation. Although either 
practice alone improves yields of many crops, 
there are undesirable features associated with 
each. Crop rotation designed to reduce a 
specific ncmatodc species often does so at the 
expense of increasing other species to 
damaging levels (3, 4, 8, 11). Chemical soil 
treatment, which generally improves crop 
yields, rarely reduces nematode population 
densities for more than 2-3 mo, resulting in 
postharvest population densities greater than 
preplant densitics (2). 

Crop rotation is a successful farming 
practice, not only because of its beneficial soil- 
building effects, but also because nematode 
populations can be rcgulated (6). Crops that 
are effective against several species of 
Meloidogl'ne include crotalaria, millet, 
bermudagrass (cultivar'Coastal'), bahiagrass, 
marigold, and sundangrass (7, 9, 12). 
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However, continued growing of these crops 
increases other nematode species such as T. 
christ&i, X. americanum, P. brachyurus, and 
B. Iongicaudatus (3, 4). These nematode 
species have been effectively controlled with 
such nematicides as DD, EDB, aldicarb, and 
ethoprop (1). In cases where zero detection of 
nematodes is sought, neither practice alone is 
adequate. Consequently, we studied the effect 
of a combination of cropping systems and 
chemical soil treatment on population 
densities of Meloidogrne incognita (Kofoid & 
Whitc) Chitwood, Trichodorus christiei 
Allen, Xiphinema americanum Cobb, 
Pratylenchus brach.l'urus (Godfrey), Filip. & 
Schuur .  S t ekh . ,  and Belono la imus  
Iongicaudatus Rau, 

MATERIALS AND METHODS 

The experiment was established in land that 
had been abandoned for tomato transplant 
production because of an extremely high 
population density of M. incognita. The land 
also had a detectable infestation of T. 
christiei. Before the experiment was 
established, part of the land had been cropped 
5 yr to okra (Hibiscus esculentus L.), part 5 yr 
to crotalaria (Crotalaria mucronata Desv.), 
and part for 5 yr in native pasture which 
consisted predominant ly  of common 
bermudagrass [Cynodon dactylon (L.) Pers.], 
centipedegrass [ Eremochloa ophiuroides 
(Munro) Hacks.] and crabgrass (Digitaria 
spp.). 
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Six cropping systems were arranged in a 
split-plot design replicated three times. 
Previous crops were main plots and newly 
imposed cropping systems were subplots. The 
plot size was 2.75 × 60 m for main plots and 
2.75 × 12 m for subplots. The cropping 
systems included 5 yr of fallow, okra, 
crotalaria, marigold (Tagetes erecta L.), 
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FIG.  I. E['lccls o1 selected c r o p s  a n d  fa l low on  the 
p o p u l a t i o n  dens i ty  L)I" MehH~h~g.rne hu'ognita. A. l . a n d  

ptc~iot ls ly  in na t ive  p a s t u r e .  B. I , and  p rev ious ly  c r o p p e d  
to o k r a .  (?. I .and p rev ious ly  c r o p p e d  to c r o t o l a r i a .  
( P o p u l a t i o n  line d i s c o n l i n u c d  a f t e r  the p o p u l a t i o n  
reached  / c r o  for  A. B, a n d  not  used unt i l  a b o v e  zero  for  
C). 

bermudagrass [ Cynodon daco, lon (L.) Pers. 
'Coastal']; or bahiagrass (Paspalum notatum 
Fluegge 'Pensacola'). 

Soil samples for nematode assay were taken 
in November of each year. Each sample, 
which consisted of twenty cores (2.1 × 20 cm) 
randomly collected from each plot, was mixed 
throughly, a 150-cc aliquant wet-sieved (20- 
and 325-mesh) and Baermann-pan-extracted 
for 48 h to separate the nematodes from the 
soil. In December of each year, a composite 
soil sample (3.75 liters) was removed from 
each subplot, placed in a greenhouse, and 
planted to tomato (Lycopersicon esculentum 
Mill.) for bioassay for M. incognita. After 6 
wk, the tomato plants were rated for root 
galls. The plants were indexed o n a 0 t o  5 scale 
with 0 = no galls and 5 = maximum galling. 

Aftcr 5 yr of crop growth, the plots were 
treated with nematicides and planted to 
tomato. Nematicides used were: aldicarb [2- 
methyl-2 (methylthio)propionaldehyde O- 
(methylcarbamoyl)oxime]; e thoprop (O, ethyl 
S,S-dipropyl phosphorodithioate); DBCP 
(I,2-dibromo-3-chloropropane); and EDB 
(ethylenc dibromide). Aldicarb and ethoprop, 
granular formulations, were spread on the soil 
surface and incorporated into the top 10cm of 
soil with a disk harrow. Liquid DBCP and 
EDB were injected 20 cm deep with chisels 20 
cm apart. Tomato secds were planted 2 wk 
after application of DBCP and EDB. Six 
wecks after planting, plant heights were 
recorded and roots were examined for galls. 

RESUI.TS 

Initial population densities of M. incognita 
varied with previous cropping history. 
Extrcmely high densities were found in land 
previously in native pasturc, moderately high 
dcnsities in land previously cropped to okra, 
and a very low densities in land previously 
cropped to crotalaria. 

In land previously cropped to native 
pasturc, I yr of fallow or crotalaria, 3 yr of 
mar igo ld ,  or 4 yr of bah iagrass  or 
bermudagrass reduced the M. incognita 
population below detectable levels (Fig. l-A). 
A sharp increase in population density of M. 
incognila was noted on bahiagrass and 
bcrmudagrass the 3rd yr. Also, an increase in 
population density was noted after 3 yr of 
marigold and after 4 yr of crotalaria. 

In land previously cropped to okra, M. 
incognita was reduced to below a detectable 
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level after 2 yr of  fallow, crotalaria, or TABLE I. Populat ion densities of Trichodorus 
m a r i g o l d  (Fig.  l -B) .  B a h i a g r a s s  and  christiei (T.c.), Xiphinema americanum (X.a.), 
bermudagrass maintained a detectable Prao, lenchus brachyurus (P.b.), and Belonolaimus 

longicaudatus (B l) after 5 yr of selected cropping 
population for 4 yr, and okra  maintained an systems. 
extremely high populat ion density for 5 yr. 

In land previously cropped to crolalaria, Cropping system Nematodes, '  150 cc of soil 

M. incognita was reduced to below a 7". c. x.a.  P.b. B.l. 
detectable level by 2 yr of fallow (Fig. I-( '). fallow 100 0 2 0 
The population density increased on all crops bahiagrass 490 98 4 0 
for 3 vr and then decreased on all crops excepl crotalaria 49 752 116 0 

bermudagrass  2,779 106 61 121 
okra and marigold which maintained a okra 996 4 12 0 
m o d c r a t c l y  high p o p u l a t i o n  dens i ty  marigold 1,964 24 1 0 

t h r o u g h o u t  t h e  e x p e r i m e n t .  A f t e r  5 y r ,  LSD (P = 0.05) 1,654 NS 60 71 
blthiagrass and crotalaria reduced the 
populat ion below a detectable level. 

During the 5 yr of cropping systems, 
population densities of other important plant it detectable level only where I )BCP treatment 
parasitic nematodes increased on certain followed 5 yr of  bahiagrass (Table 2). 
crops. Trichodorus c/lristiei increased on all Aldicarb reduced M. incognila below 
cropping systemscxcept  Ia l lowandcrota lar ia  a detectable level following all cropping 
(Table 1). Xiphine,za americanum was systems and e thoprop was similarly effective 
detcctcd in all plots except fallow and except where treatment followed okra. 
increased s u b s t a n t i a l l y  on c r o t a l a r i a ,  Aldicarb and e thoprop also effectively 
bahiagrass, and bermudagrass.  Population reduced T. chri.vtiei and X. americanum 
dens i ty  of  P. hrachrurus  inc reased  p o p u l a t i o n s  ( d a t a  n o t  given) .  The i r  
significantly on crotalaria anti to a lesser cffcctixcncss was again influenced by 
extent on bcrmudagrass.  Beh,  lolainlt¢s prctrcalmcnt population densities. Plots in 
Iongicaudatt¢.~ was detected only wherc which crops had taw+rcd increases of both 
bcrmudagrass wits grown, nematode specics, also contained the highest 

-Ircatmcnt with nemat i c idcs fo l lowing5yr  p o p u l a t i o n  dens i ty  a f t e r  n e m a t i c i d c  
of cropping systems further reduced the M. application. 
in('ognila population and the degree of The growth of tomato  seedlings was 
n e m a t o d e  con t ro l  was inf luenced  by influenced by both cropping system and 
prctreatment density. Treatment  with EDB chetn ica lso i l t rea tment .  The height of phmts 
and DBCP was more elfective where prcplant was significantly gt+eate " following crotahtria, 
density wits low and reduced the density bch)w berrnudagrass, or fallow than following okra 

TABLE 2. Root knot  indices of  field-grown tomato transplants as influenced by four nematicidal t reatments  
following six 5-yr cropping systems. 

Root-knot  index of tomato plants on land previously cropped to -" 
Nematicide 

Nematicide treatment 
treatment Dosage /ha  Okra "C' bermuda h 'P '  bahia ~ Crotalaria Marigold Fallow means 

check 3.2 1.0 0.6 0.2 0.1 0.0 1.0 
EDB 23 liters 1.6 0.1 0.0 0.1 0.1 0.0 0.4 
DBCP 37 liters 1.0 0.1 0.3 0.3 0.2 0.0 0.4 
e thoprop 11.2 kg 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
aldicarb 11.2 kg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
cropping systems 

means 0.2 0.2 0.1 0. I 0.0 

L S D ( P =  0.05) for 
Nematicide treatment means = 0.18 
Cropping systems means = 0.2 I 
Individual comparions = 0.51 

'0-5 scale with 0 = no galls and 5 = m a x i m u m  galling. 
h'C' bermuda = Coastal bermudagrass.  
~'P" bahia = Pensacola bahiagrass. 
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TABLE 3. Height of field grown tomato transplants as influenced by nematicide treatment following 5-yr cropping 
systems. 

Height (cm) on land previously cropped to --  Nematicide 
Nematicide treatment 
treatment Dosage,'ha Okra 'C' bermuda ~ 'P' bahia h Crotalaria Marigold Fallow means 

check 10.7 12.0 13.2 18.5 11.2 14.5 13.4 
EDB 23 liters II .9 15.7 14.5 20.1 14.5 15.7 15.4 
DBCP 37 liters 9.7 9.7 11.7 18.0 10.4 13.0 12.1 
ethoprop 11.2 kg 14.5 18.8 15.7 22.9 14.5 15.2 14.6 
aldicarb 11.2 kg 17.3 24.1 20.8 23.4 19.6 19.6 20.8 
cropping systems 
means 12.8 16.1 15.2 20.2 14.0 15.6 

LS D ( P = 0,05) for 
Nematicide treatment means = 3.1 
Cropping systems means = 1.0 

"'C" bermuda = Coastal bermudagrass. 
"'P" bahia = Pensacola bahiagrass. 

(Table  3). Nemat ic idc  t r ea tments ,  except  
D B C P ,  fur ther  increased the height of  
t r a n s p l a n t s .  T r e a t m e n t  w i t h  E D B  
signif icant ly  increased plant  height when 
appl ied  to plots  in which c ro ta la r i a ,  mar igo ld ,  
or  bahiagrass  had grown.  A l d i c a r b  and  
e t h o p r o p  s ignif icant ly  increased plant  height 
when app l ied  to plots  in which all c ropp ing  
systcms had grown.  

D I S C U S S I O N  

These rcsulls  with different  c r o p p i n g  
systems conf i rmed  results  from our  previous  
studies (3, 4). However ,  M. incognita was not 
a fac tor  in our  prcvions  sludies.  C ro t a l a r i a .  
mar igo ld ,  and  fal low wcrc most  effective in 
reducing the p o p u l a t i o n  dens i ty  of  M. 
incognita, but fa l lowing usual ly  reduces  
o rgan i c -ma t t e r  conten t  of  soil and  causes  low 
crop  yields (6). 

Our  da ta  emphas ize  the impor t ance  of  
p rcp lan t  popu l a t i on  dens i ty  in des igning  a 
nema tode  con t ro l  p r o g r a m .  Where  prepktn t  
popt ,  la t ion densi t ies  wcrc low, a more  rapid  
dccl inc in dens i ly  was ob ta ined  than  when 
prep lan t  densi t ies  were high. Also ,  nemal ic ide  
t r ea tments  resulted in more  consis tent  
ncma todc  con t ro l  when app l icd  to soil with 
low p o p u l a l i o n  densi t ies ,  t han  when appl ied  
1o soil with high p o p u l a t i o n  densi t ies .  

l h c  different  responses  of  M. hwognila to 
d i f f e r e n t  c r o p p i n g  s y s t e m s  i n d i c a t e  a 
va t i a t ion  in field popu la t i ons  of  this 
nema tode  in the sou theas te rn  United States .  
i )rcvious repor ts  (3, 7) indicate  that  
c ro ta l a t i a ,  mar igo ld ,  and  be rmt tdagras s  are 
resis lanl  to M. im'ognita. However ,  when 

these crops  were g rown on land prev ious ly  
c roppe d  for 4 yr  to c ro tah t r ia ,  M. incognita 
p o p u l a t i o n  densi ty  increased.  We conc lude  
that  e i ther  a second species was present  in low 
numbers  and  there  was a shift in d o m i n a n c e  of  
Meloidogyne spp.  s imi lar  to that  r epor ted  by 
Min ton  and  Donne l ly  (8) and  Sasser  and  
Nusbaum ( I I), o r  there  was d e v e l o p m e n t  of  a 
new b io typc  s imi lar  to that  repor ted  by Riggs 
and Wins tcad  (10). Unfo r tuna te ly  we were not  
aware  of  this unli l  the da ta  were ana lyzed ,  and  
by then wc had no mate r ia l  to de t e rmine  
whe the r  the p o p u l a t i o n  con ta ined  a second  
species. 

The di f ferent ia l  response  of  M. incognita 
popu la l i ons  to different  c ropp ing  sys tems and 
the abi l i ty  o f  cer ta in  ec topa ras i t i c  n e m a t o d e s  
to deve lop  on roo t -kno t  res is tant  c rops  such 
as c ro ta la r i a ,  mar igo ld ,  and be rmudag ra s s ,  
indicates  a need for a c o m b i n a t i o n  of  con t ro l  
me thods  for more  efficient  n e m a t o d e  cont ro l .  
In our  test, soil t r ea tmen t  with a ld i ca rb  or  
e t h o p r o p  fo l lowing 5 yr  of  c r o p p i n g  sys tems 
s ignif icant ly  reduced p o p u l a t i o n  dens i ty  of  all 
nema tode  species involved.  Best n e m a t o d e  
cont ro l  and  c rop  yields wcrc ob ta ined  where 
both  n e m a t o d e - r e d u c i n g  c ropp ing  sys tems 
and ncmal ic idcs  were used. S imi la r  results  
have been ob ta ined  in the cont ro l  o f  r o o t - k n o t  
nematodes  on t oba c c o  (5, 13). 
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A Pest Management Approach to the Control 
of Pratylenchus thornei on Wheat in Mexico  

S. D. VAN GUNDY, JOSE GUSTAVO PEREZ B., 
L. H. STOLZY, and I. J. THOMASON I 

Abstract: The lesion nematode, Pratylenchus thornei, was clearly demonstrated as a parasite of wheat. It reduced 
plant stands and stunted plants in the field under the environmental conditions found in Sonora, Mexico. Other soil 
organisms also may have contributed to the problem. The nematode is widely distributed throughout the wheat- 
growing region, and may be a problem each growing season. Nematicides controlled the nematode and increased 
yields, but they were not economical.  No resistance was found in existing commercial wheat cultivars. A pest 
management approach using variety selection, nitrogen fertilizer, planting in cool soil (15 C) and a crop rotation 
avoiding wheat after wheat was the most practical solution to this problem on a commercial scale. Key Words: 
lesion nematode, resistance, crop rotation, chemical control, fertilizer, temperature, nematicides. 

Wheat, Triticum aestivum, is grown in 
Sonora, Mexico as a winter irrigated crop, 
often in monoculture, on 350,000 ha. 
Commercial varieties are the spring types 
which have been selected and developed for 
their high-yielding qualities under these 
growing conditions. Yields range from 3849 to 
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4110 kg/ha. Starting about 1967, serious yield 
reductions in wheat were observed 
throughout the growing region. These yield 
reductions were attributed to a variety of soil 
problems such as wheat brown mite, fungi, 
bacteria, nematodes, and lack of proper 
fertilizer applications. Since then, studies at 
the University of Sonora (1, 4, 7) and more 
recently our studies (8, 9) have clearly 
identified Prao'lenchus thornei (Sher and 
Allen, 1953) as one of the major contributors 
to the reduction in wheat yield. 

Cinco (4) found Pratylenchus spp. in 97 of 
100 fields around Hermosillo; we found it in 
eight of eleven fields around Obregon and in 
three of four around Hermosillo. P. thornei 
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