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Effect of Time of Application on the Action of Foliar 
Sprays of Oxamyl on Meloidogyne hapla in Tomato 

Z. A. STEPHAN a n d  D. L. TRUD~ILL 1 

Abstract: Foliar spra)'s containing 3,gl]0 or 4,000 ppm oxamyl applied before inoculation 
with Meloidogyne hapla completely protected tomato plants from intection for up to 36 days 
but sprays containing 1,0G0 or 2,C(}0 ppm provided only partial protection. Postinoculation sprays 
were less effective than preinoculation sprays but they decreased the numbers tff females and 
their rate of development and increased the numbers of males. Similar amounts of oxamyl 
applied to the soil as a drench or as granules controlled M. hapla more effectively than foliar 
sprays but the longer treatment was delayed after infection the iewer the larvae that were killed 
and the more that became male. Key words: root-knot nematode, control, Vydate, Lycopersicon 
esculentum, sex ratio. Journal of Nematology 15(1):96-101. 1983. 

I n c o r p o r a t i o n  of  the ox ime-ca rbama te  
n e m a t i c i d e  o x a m y l  in to  soil p r io r  to 
p l a n t i n g  effectively cont ro ls  m a n y  spe- 
cies of p lan t  paras i t ic  nematodes .  O x a m y l  
is t rans loca ted  f rom the leaves to the 
roots  (6,22), and  to l iar  sprays of the 
chemica l  are r e p o r t e d  to con t ro l  roo t  feed- 
ing  ec toparas i t ic  (2,11,16), endopa ras i t i c  
(12,15), and  semi-endoparas i t i c  nema todes  
(1,10,14). However ,  oxamyl  is no t  always 

effective. P o t a t o  cyst n e m a t o d e  (Ggobodera 
rostochiensis Wall . )  was no t  con t ro l l ed  by 
a single fol iar  t r ea tment ,  a l t h o u g h  i t  was 
con t ro l l ed  by r epea t ed  t r e a tmen t s  (20), and  
G. rostochiensis a n d  Meloidogyne incognita 
(Kofo id  anc[ W h i t e )  C h i t w o o d  were  n o t  

Received for publication 24 February 1982. 
aScottish Crop Research Institute, Invergowrie, Dundee 

DD2 5DA, U.K. 
We thank Dr. T.  J. W. Alphey for helpful discussions 

and Dr. P. Topham for the statistical analyses. 

con t ro l l ed  by oxamyl  app l i ed  t o  the  soil 
af ter  in fec t ion  had  occur red  (5). O t h e r  re- 
s=arch has ind ica t ed  tha t  m a x i m u m  con t ro l  
of  endoparas i t i c  species was ob t a ined  only  
when  o x a m y l  was app l i ed  p r io r  to invas ion  
(10,14); fol iar  sprays app l i ed  af ter  infec- 
t ion  only s lowed or delayed n e m a t o d e  de- 
v e l o p m e n t  (3,15,21). 

T h e  e x p e r i m e n t s  r e p o r t e d  in this  pape r  
e x a m i n e d  tile effects of  fol iar  sprays of  
oxamyl ,  app l i ed  at d i f ferent  t imes  before  
and  af ter  in fec t ion ,  and  of  g ranu les  and  
drenches  app l i ed  af ter  in fec t ion  on  the de- 
v e l o p m e n t ,  survival ,  and  sex of M. hapla 
C h i t w o o d  in fec t ing  t oma to  (Lycopersicon 
esculentum L.). 

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

T h r e e - w e e k - o l d  t o m a t o  p lants  (cv. R u t -  
gers) g r o w i n g  in s team s ter i l ized soil (3 
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parts field soil: 1 part  peat) in 10-cm pots 
were used in all experiments.  Juveniles of 
M. hapla, obtained by placing egg masses 
on nylon sieves over water for 7 days at 20- 
25 C (4), were inoculated in 2-5 ml water 
into holes made in the soil a round the stern 
base. Oxamyl (Vydate liquid) was applied 
to the foliage of the plants as a fine spray 
at concentrations of 1,000, 2,000, 3,000, or 
4,000 ppm a.i. with a laboratory spray gun. 
In one test 3-week-old plants retained a 
mean of 2.6 ml of tile solution. T h e  soil 
surface was shielded from the run-off with 
a luminium foil. Care was also taken to 
avoid washing oxamyl from the leaves into 
the soil during watering. 

Two  initial experiments tested the effect 
of sprays, applied before inoculation, on 
the infection of tomato by the root-knot 
juveniles. T h e  first experiment  tested 3,000 
and 4,000 ppm solutions of oxamyl applied 
three times, at 2-day intervals, prior to in- 
oculating 1,001) freshly hatched juveniles 
1, 7, or 14 days after the third oxamyl 
treatment.  T h e  second exper iment  tested 
sprays of 1,000 and 2,000 ppm identically 
applied. Inoculated, nontreated plants were 
maintained as controls. Each treatment in 
each experiment  was replicated 10 times. 
T he  experiments were terminated 36 days 
after inoculation. 

A third experiment  tested the effect of 
foliar sways of 3,000 and 4,000 ppm of 
oxamyl applied 2, 4, 6, 8, 10, or 12 days 
after inoculation of each tomato plant with 
1,000 eggs and juveniles of M. hapla. Im- 
mediately prior to spraying, the plants were 
transplanted into sterilized soil and the 
sprays were repeated three times at 2-day 
intervals. Four concentrations of oxamyl 
(1,000, 2,000, 3,t)00 or 4,000 ppm) were ap- 
plied to the plants treated on the 12th day 
after inoculation. Each treatment,  including 
inoculated untreated controls, was repli- 
cated l0 times. T h e  numbers of nematodes, 
galls, and egg masses in the roots were de- 
termined 36 days after the third application 
of chemical. 

In a fourth experiment,  the tomato 
plants were transplanted into steam steril- 
ized soil 3 days after being inoculated with 
1,500 larvae. Oxamyl sways (3,000 or 4,000 
ppm) were first applied to the foliage 3, 6, 
9, or 12 days after transplanting and each 

treatment was repeated 2 days later. Inoc- 
ulated untreated plants were maintained 
as controls. T w o  fur ther  groups of plants 
were also sprayed 6 days before inoculation. 
Each treatment  was replicated five times. 

A fifth experiment  tested the effect on 
M. hap,la of applying oxamyl at different 
times after inoculation as a spray, as a soil 
drench, or as granules incorporated in the 
soil. In this experiment,  the tomato plants 
were inoculated with 1,000 juveniles and 
3 days later their roots were washed free 
of soil and they were transplanted into 
nematode-free, steam sterilized soil. Plants 
were treated 6, 9, 12, or 15 days after  in- 
oculation by washing the roots free of soil 
and again transplanting into sterilized soil 
into which oxamyl granules had been in- 
corporated or to which a 20-ml drench was 
applied. Plants receiving the foliar sway 
(4,000 ppm solution) were transplanted a 
second time immediately prior to treat- 
ment.  T h e  granule and drench treatments 
were applied at 10.6 mg oxamyl per pot. 
Th is  amount  was approximately equal  to 
the amount  of chemical retained by the 
sprayed plants. T h e  experiment  was repli- 
cated four times; untreated control plants 
were transplanted only once. 

T h e  fourth and fifth experiments were 
terminated 25 days after inoculation. T h e  
roots were washed free of soil and the num- 
bers of root galls, nematodes, and egg masses 
counted. If available, up  to 50 nematodes 
were dissected fi'om the galls. The i r  length 
and breadth at the center were measured 
and their volume calculated on the assump- 
tion that they were cone shaped. All experi- 
ments were fully randomized in a glass- 
house maintained at 20-22 C. 

RESULTS 

In the first experiment,  all plants 
sprayed with 3,000 or 4,000 ppm oxamyl 
solution, including those sprayed 14 days 
before inoculation, were completely free of 
M. hapla when their roots were examined 
36 days later. Control  plants contained a 
mean of 22 galls and 31 females. 

In the second experiment,  foliar sprays 
of 1,000 ppm and 2,000 ppm oxamyl signifi- 
cantly decreased (P<0.001) the mean num- 
bers of nematodes and egg masses compared 
with the untreated control (Table  1). T h e  
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Table 1. Effect of foliar sprays of oxamyl applied 
at various times before inoculation on numbers of 
galls, nematodes, and egg masses of Meloidogyne 
hapla 36 days after inoculation. Means of I0 
replicates, t 

Oxamyl Days before inoculation 

(ppm) 1 7 14 

Galls Untreated 165 165 165 
1,000 25*** 66*** 85*** 
2,000 12*** 45*** 60*** 

Nematodes Untreated 205 205 205 
1,000 25*** 45*** 77*** 
2,000 12"** 31"** 60*** 

Egg masses Untreated 145 145 145 
1,000 0"** 14"** 25*** 
2,000 0"** 9*** 13"** 

tResults converted to logs for analysis; detrans- 
formed results presented here. 

***Significantly different (P < 0.001) from the 
untreated controls. 

time of t reatment also affected the degree 
of control, since more galls, nematodes, and 
egg masses were present the longer the in- 
terval between treatment  and inoculation. 

In the third experiment,  postinoculation 
foliar sprays of 3,000 or 4,000 ppm oxamyl 
significantly ( P <  0.05) decreased the mean 
numbers of galls, nematodes, and egg 
masses compared with the untreated con- 
trols (Table  2). However, these treatments 
were less effective than foliar sprays appl ied 
prior to inoculation. Since there was no 
significant difference in the effectiveness of 
3,000 ppm and 4,000 ppm foliar sprays a ~  
plied between 2 and 12 days after inocula- 
tion, mean data for the two rates are given. 

In plants first sprayed 12 days after in- 
oculation (Table  3), there was a significant 
negative correlation (P<0.05) between in- 
creasing oxamyl concentrat ion and the 
numbers of galls, juveniles and females, and 
egg masses and a significant positive correla- 
tion (P<O.05) with the numbers of males 
recovered front the roots. 

In the fourth experiment,  plants sprayed 
6 days before inoculat ion were completely 
free of M. hapla when their  roots were ex- 
aminetl 25 days after inoculation. In plants 
sprayed after inoculation, M. hapla was not 
completely controlled but  the numbers of 

Table 2. Effect of foliar sprays of oxamyl applied at various times after inoculation on numbers of 
galls, nematodes and egg masses of Meloidogyne hapla 36 days after inoculation. Results for the treated 
plants are the mean of 3,000 and 4,000 ppm treatments. 

Days after inoculation 
Treatment 2 4 fi 8 10 12 

Galls Untreated 12~- 21 20 21 25 63 
Treated 2 6 4 8 I0 37 

Nematodes Untreated 18 33 22 28 32 95 
Treated 1 4 2 3 5 15 

Egg masses Untreated 5.0 9.0 13.0 4.0 6.0 4.0 
Treated 0 0.8 0.3 1.0 0.7 0.2 

+All treatments significantly (P < 0.05) decreased numbers. 

Table 3. Mean numbers of root galls, nematodes, males, and egg masses of Meloidogyne hapla on to- 
mato plants sprayed with oxamyl 12 days after inoculation. Means of four plants. 

Juveniles 
Dose and 

(ppm) Root galls females Males Egg masses 

Control 63a t 95a la 44a 
1,000 44b 45b 2b 6b 
2,000 54c 35c 4c 8c 
3,000 32d 17d 3d 0.3d 
4,000 41d 13d 5e 0.1d 

tData followed by the same letter within columns are not significantly different (P < 0.05). 

i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  l l l l  
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females and egg masses were significantly 
reduced. T im effect was greatest for plants 
sprayed 6 (lays after inoculat ion and least 
for those sprayed 15 days after inoctdat ion 
(Table  4). T h e  mean volume of the devel- 

oping juvenile and female nematodes was 
also reduced in the oxamyl  treated plants. 
Sprays appl ied 6 days after inoculat ion pro- 
duced the greatest effect, and those applied 
after 15 days the least. Al though oxamyl 
sprays decreased the incidence of females 
and egg masses, the numbers  of males were 
increased, significantly so for plants sprayed 
15 days after inoculation. 

In  the fifth experiment ,  oxamyl  appl ied 
to the soil as granules or  as ~t drenclt con- 
trolled M. hapla more effectively than sim- 
ilar amounts  of oxamyl appl ied to tire foli- 
age in a single spray (Table  5). In plants 
treated 6, 9, or 12 days after inoculation,  
no females were recovered from the gran- 
ule or drench treated plants, whereas fe- 
males were recovered from the sprayed 
plants for all dates of t reatment.  However,  
as in the previous experiments,  the degree 
of control and the effect on tire size of the 
females decreased the greater the interval 
between inoculation and spray treatment.  
T h e  num ber  of males recovered was in- 
creased in plants treated with either gran- 
ules or the drench 12 and 15 days after  
inoculation. 

DISCUSSION 

Our results show tha t  foliar sprays of 
oxamyl will control M. hapla at tacking to- 
mato  but, as others have found (1,10,14), 
sprays applied before infection are more  
effective than those appl ied after. T h e  re- 
sults indicate that  the extent to which M. 
hapla is controlled is related to the con- 
centrat ion and number  of applications of 
the chemical; also that  foliar t reatments  are 
less effective than similar amounts  of 
oxamyl applied to the soil. 

Sprays appl ied after infection reduced 
the numbers  of nematodes in the roots and 
retarded or delayed the development  of 
the survivors. These  efffects, however, de- 
creased as the interval between infection 
and t rea tment  increased. Sprays or soil 
t reatments applied 12 or 15 days after  in- 
fection tended to increase the numbers  of 
males. Presumably this was a consequence 
of development  being delayed at  a critical 
stage by the oxamyl  interfer ing with the 
feeding of the second-stage juveni le  (8,17, 
l,.)). 

T h e  relative effectiveness of the prein- 
fection, as compared with the postinfection, 
sprays is probably  a consequence of the dis- 
t r ibut ion of the oxamyl in the root  system. 
Only a small propor t ion of the oxamyl  ap- 
plied to the foliage is translocated to the 

Tab le  4. Mean  n u m b e r s  of  females,  males,  egg masses, and  vo lume  of Meloidogyne hapla in tomato  
roots 25 days af ter  inocula t ion .  Means  of five plants .  

Spraying Vo l u m e  of 
days f r o m  Oxamyl  nema todes  

inocu la t ion  (ppm)  (1,000 #m3) 
N u m b e r  of  n e m a t o d e s  

Females  Males egg masses 

Control  843* 34de t 2abc 21e 

6 days before 3,000 0 0a 0a 0a 
4,000 0 0a 0a 0a 

6 days af ter  3,000 462 21bc 0a 4bc 
4,000 279 16b 2abe 0a 

9 ,r t, 3,000 458 24abc l a b  5bc 
4,000 415 22bc 4cd 1 ab 

12 ir ,, 3,000 606 30bcd 3bc 10d 
4,000 379 26abc 5de 5be 

15 il it 3,000 689 30bcd 7e 10d 
4,000 676 27cd 11 f 8cd 

*LSD 157 (it) < 0.05). 
+Values followed by the  same  let ter  w i th in  each c o l u m n  are n o t  s ignif icantly different  accord ing  to 

Duncan ' s  mu l t ip l e - r ange  test (P , ( 0 . 0 5 ) .  
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Table 5. Effect of oxamyl applied to the soil, as granules, as a drench, and as a foliar spray on the 
numbers of Meloidogyne hapla females, their volume, and the numbers of males. Results are means of 
four replicates. 

Time of 
treatment Treatments 
(days after Foliar 

inoculation) Control Granules Drench spray 

Number of femalesJ- 

Untrea~d 93+ 
6 0"** 0"** 6"** 
9 0"** 0"** 23*** 

12 0"** 0"** 78 
15 0"** 6"** 80 

Mean volume of ~males(106 um3) 

Untreated 101 
6 0 0 15"** 
9 0 0 48*** 

12 0 O 55*** 
15 0 7*** 83*** 

Numbers of malesJ- 

Untreated 0 
6 0 0 0 
9 0 0 0 

12 19"** 10"** 0 
15 21"** 22*** 0 

tResults converted to logs for analysis; detransformed results presented here. 
***Significantly different from the untreated (P (0.001).  

roots (7), a n d  work o n  cabbage  (14) a n d  
on  b a n a n a  (9) ind ica te  tha t  n e m a t i c i d a l  
activity was conf ined to the roo t  surface 
or the immed ia t e  rhizosphere.  W r i g h t  et  al. 
(22) fur ther  suggested tha t  the concentra-  
t ion  of oxamyl  was greatest at  the root  tips, 
the preferred site for n e m a t o d e  invas ion.  
Thus ,  oxamyl  has a s t rong effect on  nema-  
tode juven i les  a t t e m p t i n g  to pene t r a t e  the 
roots bu t  m u c h  less effect on  those a l ready 
wi th in  the roots. 

I n  one of ou r  exper iments ,  the mor ta l i t y  
of juven i l e s  tha t  had  i nvaded  was greater  
when  oxamyl  was app l i ed  6 days after  in- 
fection t han  when  it  was app l i ed  15 days 
after infect ion.  A n o t h e r  ox ime-carbamate  
nemat ic ide ,  a ldicarb,  was also more  effective 
against  juven i les  i n  roots w h e n  app l i ed  
soon after infect ion;  undeve loped  second- 
stage juven i les  were s t imula t ed  to re-emerge 
from the roots (13). However,  i n  a n  experi-  
m e n t  in  which  tomato  p lan ts  were trans- 
p l an t ed  i n to  gravel  so tha t  juveni les  could  
be collected (18), no  egress of M. hap~a 

juveni les  was observed in  p lan ts  t reated 
wi th  oxamyl  3 or 6 days after infec t ion .  

O u r  expe r imen t s  have d e m o n s t r a t e d  
tltat foliar oxamyl  t rea tments  on  tomato  
have to be app l i ed  before the juven i les  in- 
vade the roots to be effective in  con t ro l l i ng  
M. hapla. T h e  relat ive ineffectiveness of 
oxamyl  sprays app l i ed  after juven i l e s  be- 
came establ ished means  that  t ime  of treat- 
m e n t  in  r e l a t i o n  to in fec t ion  is an  impor-  
t an t  factor affecting the success of oxamyl  

sways.  
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