
J o u r n a l  o f  N e m a t o l o g y  16(3) :323-328.  1984. 
© T h e  Society o f  Nemato log i s t s  1984. 

Crop Rotation and Races of Meloidogyne incognita 
in Cotton Root-knot Management 1 

T. L. KIRKPATRICK AND J. N. SASSER 2 

Abstract: T h e  in f luence  o f  var ious  c rop  ro ta t ions  a n d  n e m a t o d e  i n o c u l u m  levels on  s u b s e q u e n t  
popu la t ion  densi t ies  ofMeloidogyne incognita races  1 a nd  3 were  s tudied  in microplots .  T e n  d i f fe rent  
3-year  sequences  o f  cot ton,  corn ,  peanu t ,  or  soybean,  all with co t ton  as t he  3rd-year  crop,  were  
g rown  in microplo ts  infes ted  with each  race.  Co t ton  m o n o c u h u r e ,  two seasons  o f  corn ,  o r  co t ton  
fol lowed by co rn  resu l t ed  in h i g h  race 3 popu la t ion  densi t ies  and  severe  roo t  gal l ing on  co t ton  the  
3 rd  year.  P e a n u t  for  2 years  p r eced i ng  co t ton  mos t  effectively dec reased  the  race 3 popu la t ion  and  
roo t  galls on  co t ton  t he  3 rd  year.  Race  1 did  no t  significantly inf luence  co t ton  g rowth  o r  yield at 
initial popula t ions  o f  up  to 5,000 e g g s / 5 0 0  cm 3 soil. At  5 ,000 e g g s / 5 0 0  cm s, co t ton  g rowth  was 
suppres sed  by race  3 bu t  yield was no t  affected.  
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Meloidogyne incognita is the most impor- 
tant nematode parasite of  cotton because 
of its wide distribution and its involvement 
with other microorganisms in various dis- 
ease complexes (9,11). Nematode control 
in infested cotton fields is often necessary 
to avoid yield suppression. Chemical ne- 
maticides are an effective method of nema- 
tode control but are relatively expensive 
and subject to various environmental con- 
straints. Cuhivar resistance to M. incognita 
could be an inexpensive and effective 
method of  nematode control; however, due 
to the complex inheritance of resistance to 
M. incognita in cotton (13) and the expense 
of  cuhivar development, there are few 
agronomically acceptable, highly resistant 
cultivars. 

Crop rotation for reducing nematode 
populations and suppressing crop damage 
has been recommended for many years (7). 
In many cotton-producing areas practical 
rotation crops are limited by environmen- 
tal or economic factors. Care must be ex- 
ercised in selecting appropriate rotation 
crops; they must be poor or nonhosts for 
the nematode, yet economically feasible to 
produce. 

Selection of rotation crops to suppress 
M. incognita is difficult because of the ex- 
istence of four physiological races that have 
extremely broad and different, but over- 
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lapping host ranges (10,15). These races 
are distributed worldwide and exhibit a 
relatively consistent response to a series of 
host differentials. A study of many M. in- 
cognita populations collected from widely 
separated geographical regions of the world 
indicates that race 1 is the most frequently 
encountered (10). Certain populations of  
this race are capable of limited reproduc- 
tion on 'Dehapine 16' cotton; however, race 
3 is the most aggressive race on cotton (6). 

The  objectives of this study were i) to 
determine the significance of  nematode 
host races in rotations involving cotton, ii) 
to identify optimum 3-year sequences of  
four crop species including cotton for man- 
agement of M. incognita, and iii) to inves- 
tigate the relation of  various initial nema- 
tode levels to cotton growth and yield. 

M A T E R I A L S  AND M E T H O D S  

A 3-year experiment was initiated in 
1979. One hundred fiberglass microplots 
(78 cm d x 50 cm deep) (2) were estab- 
lished in a Varina sandy loam on the North 
Carolina State University Central Crops 
Research Station near Clayton, North Car- 
olina. All plots were fumigated with methyl 
bromide (100 g/m2). Plots were covered 
with polyethylene tarps for 1 week after 
the fumigant was applied and then allowed 
to aerate for 3 weeks before infestation 
with nematodes. 

M. incognita populations 83-1 (race 1) and 
178-3 (race 3) were selected from the In- 
te rna t iona l  Meloidogyne Project  Live 
Nematode Culture Collection for their 
consistent and typical performance in the 
North Carolina host differential test (14). 
Each population was increased on tomato 
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TABLE 1. Cropping  sequences studied for  their  in- 
fluence on Meloidogyne incognita populat ion dynam- 
ics.* 

Year planted 

1979 1980 1981 

Cot ton Cot ton Cot ton 
C o r n  Corn  Cot ton 
Peanut  Peanut  Cot ton o E 
Soybean Soybean Cot ton o o 
Cot ton Corn Cot ton ~o 
Cot ton Peanut  Cot ton "- 
Cot ton Soybean Cot ton 
Soybean Peanut  Cot ton _ 
Corn  Soybean Cot ton z 

W 
Peanut  Corn Cot ton > 

:D 

* Cotton 'Dehapine 16,' Corn 'Pioneer 3368A,' Peanut 
o 'Florigiant,' and Soybean "Forrest.' <.9- 

o, 

(Lycopersicon esculentum Mill 'Rutgers') in 
greenhouse pots. Inoculum consisted of  a 
mixture of  heavily galled roots (chopped 
into 1-2-cm segments) and potting medi- 
um in which the plants had been grown for 
70 days. Estimates of juvenile population 
density per unit volume were obtained by 
a combination of semiautomatic elutria- 
tion (4) and modified centrifugal flotation 
(1) of 500-cm 3 inoculum subsamples. The 
root fraction trapped on the 40-mesh elu- 
triator sieve was processed by the NaOCI 
method (5) for estimates of numbers of M. 
incognita eggs. 

On 16 May 1979, 5 liters of  race 1 in- 
oculum, containing approximately 900,000 
eggs and juveniles, were incorporated into 
the upper 15 cm of each of 50 microplots 
for each race. The inoculum density was 
approximately 10,000 eggs and juveniles/  
500 cm 3 soil in the upper 15-cm soil layer. 

The experiment was arranged in a split- 
plot design with nematode populations as 
main plots and ten 2-year cropping se- 
quences as subplots (Table 1). In year 3 
(1981) of  the experiment, all plots were 
planted to cotton. Each crop sequence was 
replicated five times. Plant species used in 
the crop sequences included cotton (Gos- 
sypium hirsutum L. 'Dehapine 16'), soybean 
(Glycine max Merr. 'Forrest'), corn (Zea mays 
L. 'Pioneer 3368A'), and peanut (Arachis 
hypogaea 'Florigiant'). Planting dates were 
16 May 1979, 10 May 1980, a n d 5  May 
1981. Each year seeds of the appropriate 
crops were planted in one row in the center 
of  each plot, then thinned within 1 week 
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FIG. 1. Densities of  Meloidogyne incognita race 1 
(solid lines) and race 3 (broken lines) per  500 cm 3 soil 
dur ing various 3-year crop rotat ion sequences. Ct = 
cotton. Cr = corn. S = soybean. P = peanut .  

after emergence to 8 cotton, 14 soybean, 
6 corn, or 8 peanut plants per plot. 

Plots were limed and fertilized annually 
according to soil test recommendations for 
the crop to be planted. Soil samples for 
nematode assays were collected from the 
microplots at planting (except in 1979) and 
80 and 160 days later. Each sample con- 
sisted o f  10-12 cores (2.5-cm-d) from 
depths of 15-20 cm. A 500-cm ~ subsample 
was processed by a combination of  elutria- 
tion and centrifugal flotation, and egg 
masses were dispersed with NaOC1 as de- 
scribed for inoculum preparation. Nema- 
tode numbers  were t r ans fo rmed  to 
log~0(x + 1) for statistical analysis. 

In 1979 and 1980, all plants were cut at 
the soil line and removed from the plots at 
maturity. Roots were left undisturbed in 
the plots through the winter. Immediately 
before the subsequent crop was planted, 
plots were fertilized and lightly worked with 
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TABLE 2. Meloidogyne incognita race 3 populat ion 
densities on cot ton after  various c ropping  sequences 
in microplots.  

TABLE 3. Deltapine 16 cot ton root  galling and 
yields in microplots  infested with Meloidogyne incognita 
race 3 after  various c ropping  sequences. 

Cropping Juveniles* Eggs* 
sequence 

1979-1980 Pi Pm Pm 

Co t ton -co t ton  58 a t  2,464 a 127 a 
C o r n - c o r n  28 abc 1,914 ab 75 abc 
P e a n u t - p e a n u t  0 c 0 b 0 c 
Soybean-soybean  6 c 6 b 2 c 
C o t t o n - c o r n  54 ab 1,722 ab 95 ab 
C o t t o n - p e a n u t  20 abc 0 b 4 c 
Cot ton-soybean  18 bc 140 b 12 c 
Soybean-peanu t  0 c 0 b 0 c 
Corn - soybean  16 bc 420 b 39 bc 
P e a n u t - c o r n  2 c 18 b 5 c 

* Soil samples (500 cm s) were taken at planting (Pi) or 80 
days after planting (Pm). 

t Means within columns followed by the same letter do not 
differ significantly at P = 0.05 by Duncan's multiple-range 
test. 

1981 
seed cotton 

Root gall yield 
Cropping sequence index* (g/plot) 

C o t t o n - c o t t o n - c o t t o n  4.8 a t  117.4 abc 
C o r n - c o r n - c o t t o n  4.4 ab 114.2 bc 
P e a n u t - p e a n u t - c o t t o n  0.2 e 151.8 a 
Soybean - soybean -co t ton  1.8 d 151.2 a 
C o t t o n - c o r n - c o t t o n  4.5 ab 108.8 c 
C o t t o n - p e a n u t - c o t t o n  1.7 d 150.4 a 
C o t t o n - s o y b e a n - c o t t o n  3.1 c 131.6 abc 
S o y b e a n - p e a n u t - c o t t o n  0.2 e 129.6 abc 
C o r n - s o y b e a n - c o t t o n  3.7 c 144.2 ab 
P e a n u t - c o r n - c o t t o n  1.5 d 131.0 abc 

* Gall index based on 0-5 scale where 0 = no galls, 1 = 1- 
2, 2 = 3-10, 3 = 11-30, 4 = 31-100, 5 = >100 per root 
system. 

~" Means within columns followed by the same letter do n o t  

differ significantly at P = 0.05 (root gall index) or P = 0.1 
(seed cotton yield) by Duncan's multiple-range test. 

a shovel. In 1981, all cotton root systems 
were removed from the soil, washed, and 
rated for root galling according to the fol- 
lowing scale: 0 = none, 1 = 1-2, 2 = 3-10, 
3 -- 11-30, 4 = 31-100, and 5 = >100 
galls/root system. 

Inoculum density: In 1981, 48 additional 
microplots were fumigated with methyl 
bromide and inoculated with eggs of either 
M. incognita 83-1 or 178-3 in a water sus- 
pension. Eggs were applied in a 2-liter water 
suspension which was sprinkled uniformly 
over each plot surface and incorporated to 
15 cm deep to give population densities of  
500, 1,000, or 5,000 eggs/500 cm 3 soil. 
Plots were fertilized according to soil test 
recommendations, and seeds of Dehapine 
16 cotton were planted on 7 May. Exper- 
imental design was a randomized complete 
block with six replications. 

RESULTS 

Population densities of both races of M. 
incognita in each 3-year crop sequence are 
plotted in Figure 1. In all sequences, race 
1 attained lower population densities than 
race 3 by the end of the 1981 season. Race 
1 populations were high on corn for 2 years 
(Fig. 1B) and increased on corn after cot- 
ton (Fig. 1E) or after peanut (Fig. 1J). Two 
years of  soybean (Fig. 1 D) or soybean fol- 
lowing corn (Fig. 1 I) maintained moderate 
to high levels of this race. Soybean follow- 
ing cotton increased population densities 

(Fig. 1G). With the exception of an in- 
crease in race 1 on peanut in 1979 (Fig. 
1C), population densities of  race 1 declined 
during years in which peanut was planted. 
A slight increase in densities occurred be- 
tween 80 and 160 days after planting cot- 
ton in 1981 (Fig. 1B-F). 

Following a decline in the population of  
race 3 during 1979, densities in the cotton 
monocuhure plots reached the initial in- 
oculation level (10,000/500 cm ~ soil) by 80 
days in 1980 and 1981 (Fig. 1A). Corn 
planted for 2 consecutive years followed 
by cotton maintained a comparable pop- 
ulation density to that seen in cotton mono- 
culture (Fig. 1B). Both peanut (Fig. 1 C) and 
soybean (Fig. 1 D) for 2 consecutive years 
resulted in a decline in the population of 
this race. Alternating corn with cotton (Fig. 
1E) or soybean with cotton (Fig. 1G) was 
not as effective in decreasing race 3 pop- 
ulations as was peanut alternated with cot- 
ton (Fig. 1F). A soybean-peanut rotation 
(Fig. 1H) resulted in a general population 
decline to undetectable levels by midsea- 
son in 1980. Corn followed by soybean did 
not substantially decrease race 3 popula- 
tions (Fig. 1 I), and corn following peanut 
increased population densities during the 
latter part of  the 1980 season (Fig. 1J). 

Numbers of race 3 juveniles in cotton 
monocuhure plots at the beginning of the 
1981 season and at 80 days postplanting 
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TABL~ 4. M i c r o p l o t  p o p u l a t i o n  d e n s i t i e s  a t  80  a n d  160 days  a f t e r  p l a n t i n g  a n d  c o t t o n  r e s p o n s e  to  Meloi- 
dogyne incognita r a c e s  1 a n d  3 a t  v a r i o u s  i n o c u l a t i o n  l eve l s .*  

Nematode density~ Seed cotton 
Nematode P i /500  cm ~ Plant wt Root wt Root gall yield 

race soil Pm Pf (g/plot)  (g/plot)  index:~ (g/plot)  

R a c e  1 

R a c e  3 

0 0 a §  0 a  1 3 7 a  2 9 a  0 a 8 1 a  
500  0 a  0 a  1 3 9 a  3 4 a  0 . 1 a  8 5 a  

1 ,000  0 a 120 a 142 a 31 a 0.1 a 85  a 
5 , 0 0 0  0 a 150 a 163 a 40  a 0.1 a 78  a 

0 0 b  0 c  2 0 2 a b  4 2 a  0 d 8 3 a  
5 0 0  21 b 1 ,160  b 199 ab  50 a 2 .0  c 73 a 

1 ,000  120 b 2 , 9 7 0  b 243  a 53 a 3.2 b 75 a 
5 , 0 0 0  1 ,113  a 6 , 9 4 5  a 117 b 3 4 a  4 . 2 a  8 0 a  

* Inoculum levels were calculated for 90 liters of  soil (total volume of soil in upper  15 cm of each plot). 
"] 'Juveniles/500 cm s soil. P m =  mldseason density. Pf = density 160 days after planting. 
:~ 0 = no galls, 1 = 1-2, 2 = 3-10,  3 = 11-30, 4 = 31-100,  5 = >100  per  root system. 
§ Column means within races followed by the same letter do not differ significantly by Waller-Duncan k-ratio t-test. 

were  significantly g rea te r  than  af ter  any o f  
the  o the r  c ropping  sequences studied (Ta- 
ble 2). Initial popula t ions  (Pi) o f  less than  
10 juve n i l e s / 5 0 0  cm ~ soil occu r r ed  in plots 
where  2 years o f  peanu t  or  soybean, soy- 
bean  fol lowed by peanut ,  or  peanu t  fol- 
lowed by corn  had been  grown. By 80 days 
af ter  planting,  juveni le  popula t ions  in cot- 
ton plots previously in cot ton  or  corn  
m onoc u l t u r e  or  co t ton  fol lowed by corn  
r eached  h ighe r  levels than in cot ton fol- 
lowing the o the r  sequences.  Egg densities 
in all plots were  near  or  below the detect-  
able level at p lant ing in 1981. Af te r  80 
days, the greates t  egg densities occu r r ed  
in plots following co t ton  or  corn  mono-  
cul ture  or  co t ton  fol lowed by corn.  

Root  gall indices on cot ton  infected  with 
race 3 at the end  o f  the 1981 season were  
highest  following cot ton  or  corn  mono-  
cu l ture  or  co t ton  fol lowed by corn  (Table  
3). T h e  race 3 popula t ions  in co t ton  plots 
(1981 ) following a co t ton - soybean  or  c o r n -  
soybean sequence caused significantly low- 
er  gall indices than in plots fol lowing 2 
years o f  cot ton ,  2 years o f  corn,  or  a cot- 
t o n - c o r n  rota t ion.  Soybean-soybean ,  cot- 
t o n - p e a n u t ,  o r  p e a n u t - c o r n  resul ted in 
slight co t ton  roo t  galling by race 3 in 1981. 
Af te r  p e a n u t - p e a n u t  or  soybean-peanu t ,  
co t ton  roo t  gall indices were lower than  in 
any o the r  c rop  sequence.  

At P = 0.05, the re  were no significant 
differences in seed co t ton  yields with any 
c ropping  sequence,  but  at P = 0.1, signif- 
icantly g rea te r  yields were  found  af ter  pea- 
n u t - p e a n u t ,  soybean-soybean ,  or  c o t t o n -  
peanu t  (Table  3). Seed co t ton  yields fol- 

lowing a c o t t o n - c o r n  sequence were  the 
lowest o f  all sequences.  

Inoculum density: Race 1 populations were 
low or  unde tec tab le  at harvest  regardless 
o f  initial inoculum level (Table  4). Root  
gall indices were low in all t rea tments .  No 
s ign i f ican t  s u p p r e s s i o n  o f  c o t t o n  p l an t  
weight  or  seed cot ton  yield occu r r ed  in any 
o f  the race 1 t rea tments .  

In race 3 plots, levels o f  500 or  1,000 
e g g s / 5 0 0  cm s soil did not  suppress co t ton  
top weights. T o p  weights were lower,  how- 
ever,  at 5,000 e g g s / 5 0 0  cm 3, but  seed cot- 
ton yields were  not  affected.  Root  gall in- 
dices increased in severity as inoculum level 
increased. 

D I S C U S S I O N  

T h e  n em a to d e  popula t ion  data  f rom this 
study conf i rm the r epo r t  o f  differences in 
r ep roduc t ive  ability be tween  races 1 and 3 
o f  M. incognita on cot ton  (6). In all c rop  
sequences which included cot ton ,  popula-  
t ion densities o f  race 1 were low. Race 3, 
on the o the r  hand,  r e p r o d u c e d  well on cot- 
ton. In field ro ta t ion  studies including cot- 
ton, corn,  peanut ,  and tobacco,  popula-  
tions o f  M. incognita acrita increased a f te r  
co t ton  or  corn  but  not  a f te r  peanu t  (12). 
In that  study, one  popula t ion  o f  M. incog- 
nita acrita r e p r o d u c e d  well on bo th  co t ton  
and tobacco,  while an o th e r  popula t ion  re- 
p r o d u c e d  only on cot ton,  results common-  
ly associated with races 4 and 3, respec- 
tively, o f  M. incognita (14). 

Corn  and cot ton  were suitable hosts for  
race 3. Race 1 appeared  to be capable o f  
g rea te r  r ep roduc t ion  on corn  than  race 3 
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(Fig. 1B). Peanu t  has been  r e p o r t e d  as a 
nonhos t  for  all races of  M. incognita (14), 
and in ou r  studies, populat ions o f  bo th  races 
general ly decl ined u n d e r  peanut .  

Al though  co t ton  is a p o o r  host for  race 
1, slight popula t ion  increases occu r r ed  be- 
tween midseason and harvest  du r ing  1981 
on cot ton  in several o f  the plots (Fig. 1B, 
D-F).  However ,  gall indices in all cases were 
very low. This  study illustrates the  influ- 
ence  o f  good-,  poor-,  or  non-host  crops on 
M. incognita race 3 popula t ion  levels. Ei ther  
peanut ,  a nonhos t ,  or  soybean, a poo r  host,  
resul ted in low initial and midseason pop- 
ulat ion densities (Table  2) and relatively 
low roo t  gall indices (Table  3) in the sub- 
sequent  cot ton  crop.  T h e  data  p re sen ted  
he re  indicate that  one  peanu t  or  soybean 
plant ing was as effective as 2 years in e i the r  
c rop  in reduc ing  race 3 popula t ions  for  the 
next  co t ton  crop.  

Both co t ton  and corn  were  good hosts 
of  race 3 in this study. Cropp ing  sequences 
which included e i ther  or  bo th  o f  these crops 
resul ted in m o r e  severe roo t  galling on cot- 
ton, dur ing  the 1981 season, than did se- 
quences in which peanu t  or  soybean were  
used (Table  3). Care should be exercised 
in any c o r n - c o t t o n  ro ta t ion  where  the 
presence  o f  race 3 is suspected. 

Agricultural  p roducers  many times make 
n e m a t o d e  m a n a g e m e n t  decisions with lit- 
tle or  no considera t ion o f  the Meloidogyne 
race present .  Soil assays for  nematodes  are  
useful in de te rmin ing  n e m a t o d e  cont ro l  
measures  including selection o f  ro ta t ion  
crops, but  are  o f  no help in de t e rmin ing  
races. M. incognita is the only major  Meloi- 
dogyne species o f  economic  impor tance  in 
co t ton  in the Uni ted  States, and within this 
species less than  25% o f  the popula t ions  
studied t h r o u g h  the In te rna t iona l  Meloi- 
dogyne Projec t  are  capable o f  appreciable  
r ep roduc t ion  on co t ton  (6,10). 

T h e s e  data indicate that  where  aggres- 
sive races occur ,  c rop  ro ta t ion  or  o the r  
n e m a t o d e  m a n a g e m e n t  p rocedures  may be 
necessary for  co t ton  produc t ion .  T h e  race 
1 data shown here ,  as well as ear l ier  studies 
with all four  races on resistant and suscep- 
tible co t ton  (6), indicate tha t  the nonag-  
gressive races (races 1 and 2) probably  will 
not  be a l imiting factor  in co t ton  produc-  
tion. 

O u r  work c o n c e r n ed  the m a n a g e m e n t  
o f  only M. incognita t h r o u g h  c ropping  se- 

quences because this species is the most  
e c o n o m i c a l l y  i m p o r t a n t  p l a n t - p a r a s i t i c  
n em a to d e  in many areas where  co t ton  is 
p ro d u ced  (11). However ,  since field com- 
munit ies o f  plant-parasit ic nematodes  are  
usually polyspecific in na tu re  (8), c rop  ro- 
tat ion for  m a n a g e m e n t  o f  one  species may 
result  in increased popula t ions  o f  o th e r  po- 
tentially damaging  species (3,8). F u r t h e r  
studies on the inf luence o f  c ropping  se- 
quences  on nematodes  o th e r  than  M. in- 
cognita are  needed .  

We have demons t r a t ed  the significance 
o f  c ropping  sequences on the  popula t ion  
dynamics o f  a major  co t ton  parasite.  An 
awareness o f  the occu r r ence  o f  races with- 
in this species and a knowledge  o f  the races 
c o m m o n  to a par t icu lar  region  should pro-  
vide the basis for  ra t ional  n em a to d e  man- 
agement  decisions. 
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Nematostatic Activity of Oxamyl and 
N,N-Dimethyl-1-cyanoformamide (DMCF) on 

Meloidogyne incognita Juveniles 1 
B. D. MCGARVEY, J. W. POTTER, AND M. CHIBA 2 

Abstract: The  nematostatic activity of  oxamyl, methyl-N',N'-dimethy]-N-hydroxy-l-thiooxamim- 
idate (oxamyl-oxime) and N,N-dimethyl-l-cyanoformamide (DMCF) was studied by immersing 10 
Meloidogyne incognita second-stage juveniles into aqueous solutions of various concentrations of each 
chemical. At concentrations of 500 to 8,000 ~g/ml ,  oxamyl quickly immobilized immersed juveniles. 
In all o ther  concentrations studied (down to 4 ~g/ml) ,  oxamyl stopped or reduced movement  of 
juveniles within 24 hours. DMCF also quickly immobilized juveniles at concentrations of 4,000 and 
8 ,000/zg/ml  and reduced movement  at 2,000/~g/ml.  Lower concentrations had no observed effect 
on movement.  In solutions of the oxime from 2,000 to 8,000 gg/ml ,  some reduction of  movement  
was observed, but  most juveniles maintained some motion over a period of 24 hours. Juveniles were 
t ransferred to water from 4,000 # g / m l  solutions of  oxamyl and DMCF after various intervals of 
t ime in order  to determine the effect of durat ion of exposure to the chemicals on the ability of the 
immobilized juveniles to recover normal motion. Some recovery was observed even after 24 hours 
of exposure to DMCF, but  none after exposure to oxamyl for longer than 40 minutes. 

Key words: biological activity, Meloidogyne incognita (Southern root-knot nematode), metabolites, 
mode of  action, nematostatic, N,N-dimethyl-1-cyanoformamide (DMCF), oxamyl (Vydate), oxamyl- 
oxime. 

Oxamyl has been known for several years 
to be effective in controlling nematode in- 
vasion of  roots (8), but its mode of  action 
has not been clearly elucidated. The  fact 
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that oxamyl applied to foliage is effective 
in protecting the roots has led to the con- 
clusion that oxamyl itself, or some biolog- 
ically active metabolite, is translocated to 
the roots of  foliar-treated plants (1,7,8,11). 
However,  the quantities of  oxamyl actually 
found in the root have been extremely small 
in most studies in which analysis for oxamyl 
was performed (2,5,11). This supports the 
view that it may be a metabolite of oxamyl 
which protects  the roots, though to date 


