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Abstract: Studies were condncted to investigate the basipetal translocation of nematicidal 
activity from foliar t reatments of carbofuran and its analog, 2,3-dihydro-2,2-dimethyl-7-benzo- 
furanyl ([dibntylamino]thio)methyl  earbamate, on corn in microplot  studies and on tobacco 
and potato in field trials. Two  attd three foliar applications of ei ther prnduct  at 2,400 /zg/ml 
(9-20 Kg a t /Ha)  significantly reduced popula t ions  of Pratylenchus penetrans in roots and popula-  
tions of Tylenchorhynchus claytoni, Xiphinema americanum, and Hoplolaimus sp. in soil. In 
most cases there was no difference in control between two or three chemical applications. Foliar 
t reatments with carbofuran were equivalent to, or  better than, soil treatment,  a l though rates of 
applications were different. Key words: chemical control, systemic, corn, tobacco, potato, carbo- 
furan analog. Journa l  of Nematology 14(2):208-212. 1982. 

T h e  concept of controll ing plant  para- 
sitic nematodes with translocable com- 
pounds in plants is not new, and there is 
general agreement on the advantage of a 
systemic nematicide. Nematodes can be af- 
fected by systemic compounds which are 
absorbed either by the roots or by the foli- 
age and then translocated to other parts of 
the plants. Nonfumigant  nematicides mostly 
act in soil or are absorbed by the roots. 
Some chemicals, however, are known to be 
absorbed by the leaves and translocated to 
the roots. Basipetally translocable com- 
pounds are advantageous. T h e  rate of foliar 
application of pesticide is often lower than 
the effective rate of soil application, because 
the chemical is not subjected to soil factors 
which influence the fate of tbe pesticide. 
All nonfumigant  nematicides are dependent  
on soil water for their mobili ty through soil 
and under  low moisture condit ion the com- 
pound may not be available to the nema- 
tode or to the plant. On the other hand, ex- 
cessive precipitat ion may cause leaching of 
certain chemicals below the root zones, leav- 
ing the plant unprotected. 

T h e  progress toward the discovery of 
downward systemic nematicides has been 
slow and beset with problems such as the 
mechanisms of phloem transport,  adsorp- 
tion by leaf tissues, and physical barriers to 
adsorption. Peacock (9) reviewed com- 
pounds known to move in plants and from 
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which systemic nematicides could be syn- 
tltesized. Interest in downward systemic 
nematicides was renewed when Radewald 
et al. (12) reported that foliar application 
of oxamyl on several plant  species reduced 
populations of Meloidogyne incognita 
(Kofoid and White) Chitwood and Pratylen- 
chus scribneri Steiner in roots. Other  stud- 
ies confirmed this report  (5,6,10,13) and 
indicated that foliar applications of phen- 
amiphos retarded infection of sugarbeets by 
Heterodera schachtii Schmidt under  green- 
hottse conditions (6). Recently, greenhouse 
and growth chamber studies indicated that 
foliar applications of carbofnran (2,3-dihy- 
dro-2,2-dimethyl-7-benzofuranyl methylcar- 
bamate) and its analog FMC 35001 (2,3-di- 
hydro-2,2-dimethyl-7-benzofuranyl [(dibuty- 
lamino)thio]methylcarbamate),  possessed 
downward systemic nematicidal properties 
against Meloidogyne incognita, Pratylen- 
thus penetrans, and Tylenchorhynchus clay- 
toni, infecting tomato, corn, and pea plants 
(4). T h e  studies reported here were designed 
to further  explore the downward systemic 
properties of carbofuran and FMC 35001 
under  microplot  and field conditions. 

MATERIALS AND M E T H O D S  

Carbofuran,  formulated as 43% flow- 
able liquid, and FMC 35001, formulated as 
25% emulsifiable concentrate, were applied 
at 2.4 mg ai /ml  with a hand sprayer. Carbo- 
furan, formulated as 10% granules and ap- 
plied at 20 kg at /ha,  was used as soil treat- 
ment; it was applied to the microplots with 
a salt shaker and incorporated into the top 
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5 cm of soil with hand tools. During treat- 
ment ,  care was exercised to cover most of 
tile foliage with the spray mix ture  and to 
prevent  or to reduce to a m i n i m u m  the 
chemical reaching the soil. T h e  ground was 
not covered dur ing treatment.  Plants grow- 
ing under  microplot  conditions were 
watered the day before t reatment .  T h e  field 
treatments were made when the soil was 
moist. T rea tments  were replicated four 
times. Plant  foliage was always treated on 
mornings of mostly sunny days. No  precipi- 
tat ion occurred for a period of at least 48 h 
after t reatment.  Foliar t reatments  were re- 
peated once or twice. 

Microplot studies: Microplot  units, 60 
× 60 cm, were filled with sandy-loam soil 
natural ly infested with a popula t ion  of 
Pratylenchus penetrans (Cobb) Chitwood 
and Oteifa, Xiphinema americanum (Cobb 
1913), Tylenchorhynchus claytoni (Steiner), 
Helicotylenchus sp. and HopIolaimus sp. 
The  initial nematode popula t ion  was in- 
creased by further  adding 5,000 specimens 
of P. penelrans and T. claytoni extracted 
from callus culture (8) by means of a mist 
chamber  technique (2) aml by plant ing 
plots to corn [or 2 yr pr ior  to the experi- 
ment.  Exper iments  were ini t iated on the 
third year when the preplant  soil nematode 
populat ions of the microplots,  as revealed 
by the sugar flotation method (3), averaged 
about  200 P. penetrans, 100 T. claytoni, 60 
Helicotylenchus, 40 Hoplolaimus, and 10 
X. americanum specimens/100 cm 3 of soil. 
T w o  10-cm tall corn seedlings, Zea mays L., 
grown in greenhouse in 7.5-cm-d fiber pots, 
were t ransplanted into each microplot  uni t  
on 4 June.  Foliar sprays of carbofuran,  
formulated as 43% flowable liquid, and 
FMC 35001, formulated as a 25% emulsifi- 
able concentrate, were adjusted to a concen- 
trat ion of 2.4 mg a i /ml  and applied three 
times with a hand sprayer. T h e  first appli- 
cation (100 ml) was made when transplants 
were 35-40 cm tall (22 days after trans- 
planting);  the next  appl icat ion (250 ml) 
was made when the transplants were 50 cm 
tall (35 days after transplanting);  the last 
appl icat ion (300 ml) was made at tasseling 
(44 days after transplanting).  Soil incorpo- 
rated carbofuran,  formulated as 10% gran- 
ules, was applied to tile soil surface at the 
rate of 20 kg a i /ha ,  and worked into the 

top 5 cm of soil with hand tools. I t  was 
appl ied at tile t ime of planting.  T h e  quan-  
uty  of spray mater ia l  used dur ing the first, 
second, and third t reatment  for each repli- 
cate was 100, 250, and 300 ml, respectively. 

Harvesting: Rhizosphere root  samples 
were collected for nematode  analysis on 7 
August. Aliquants  of 5 g of roots were 
washed under  running  tap water  and tile 
nematodes extracted by the mist chamber  
technique (2). Aliquants  of 200 ml soil were 
processed for nematode  recovery by a com- 
hinat ion of sieving and sugar flotation meth- 
ods (3). 

Field studies: An area of loam soil un- 
cult ivated for at least 12 yr and infested 
with Pratylenchus penetrans, Helicotylen- 
thus sp., and Hoplolaimus sp. was plowed 
and disced. A 15- × 110-m exper imenta l  site 
was planted on 2.~ May with seed potatoes, 
Solanum tuberosum L. 'Katahdin , '  in rows 
1 m apart.  Carbofuran,  formulated as 10% 
granules, was appl ied at tile rate of 3 kg 
a i / tm in the furrow of every other row at 
the t ime of the planting.  

A second exper imenta l  area, 15 × 110 m, 
was planted to tobacco (Nicotiana tabacum 
L. 'Turkish ' )  t ransplanted on 21 June.  T h e  
tobacco seedlings were grown in 7.5-cm-d 
pots in a greenhouse until  they reached the 
fourth-leaf stage of growth; they were trans- 
planted into rows 120 cm apart.  The re  were 
nine plants for each replicate. Before trans- 
plant ing carbofuran granules were spread 
on the soil surface in a 20-cm wide band  at 
the rate of 20 kg a i /ha  and incorporated to 
the depth of 5 cm with a rototiller.  

A randomized block design was used for 
both the potato and tobacco experiments.  
Each replicate consisted of a 7-m row. 

Foliar sprays of carbofuran  and FMC 
35001 were applied as described for the 
microplots. TILe first appl icat ion (600 ml) 
was made when tile potatoes were 25 cm tall 
(43 days after sowing) and the tobacco 
plants were at the eight-leaf stage (15 days 
after transplanting);  tile next  appl icat ion 
(900 ml) was made when the potatoes were 
45 cm tall (53 days after sowing) and the 
tobacco plants were at the tenth-leaf stage 
(25 days after transplanting);  the last ap- 
plication (1400 ml) was made when the 
potatoes were 60 cm tall (64 days after sow- 
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ing)  a n d  the tobacco  p l a n t s  were  100 cm ta l l  
(36 days af te r  t r an sp l an t i ng ) .  

Soil  and  r o o t  samples  for n e m a t o d e  
analys is  were co l lec ted  on  4 S e p t e m b e r  f rom 
the tobacco  e x p e r i m e n t  a n d  on  14 Septem-  
be r  f rom the  p o t a t o  e x p e r i m e n t .  T w o  
samples  were  col lec ted  f rom each r e p l i c a t e  
row a n d  c o m b i n e d .  Each  r o o t  a n d  soil  
s a m p l e  was processed for n e m a t o d e  analys is  
as p rev ious ly  descr ibed .  

Statistical methods: Analys i s  of  va r i ance  
( A N O V A )  was used to p a r t i t i o n  va r i ance  in  
pe r cen t  con t ro l  a n d  squa re  roo ts  of  pe r cen t  
con t ro l  for a l l  n e m a t o d e s  recovered .  Dun-  
can's  m u l t i p l e - r a n g e  test ( D M R T )  was used 
to d e t e r m i n e  the  s ignif icance of di f ferences  
be tween  means .  

R E S U L T S  

B o t h  c a r b o f u r a n  a n d  F M C  35001 re- 
d u c e d  the p o p u l a t i o n s  of P. penetrans, X. 
americanum, T. claytoni, a n d  X.  ameri- 
canum on corn  in  the  m i c r o p l o t  s tudies  
( T a b l e  1). Soil  a n d  fo l i a r  c a r b o f u r a n  t rea t -  
m e n t s  were  e q u a l l y  effective aga ins t  P. pene- 
trans a n d  T. claytoni. C a r b o f u r a n  soil  t rea t -  
men t ,  however ,  was less effective t han  fo l ia r  
sprays in  r e d u c i n g  the  p o p u l a t i o n s  of X.  
americanum. 

Al l  chemica ls  r e d u c e d  n e m a t o d e  popu-  
l a t ions  (except  for Helicotylenchus sp.) on  
po ta toes  in  field t r ia ls  ( T a b l e  2). Carbo-  
fu ran  soil t r e a t m e n t  was less effective t han  
fo l ia r  t r e a t m e n t  in  r e d u c i n g  P. penetrans 
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p o p u l a t i o n s  in  p o t a t o  roots .  T h r e e  fo l i a r  
a p p l i c a t i o n s  of  c a r b o f u r a n  were  a lso  su- 
p e r i o r  to the  c a r b o f u r a n  soil  t r e a t m e n t  
aga ins t  T. claytoni a n d  HoploIaimus sp. 
S imi l a r  resul ts  were  o b t a i n e d  w i t h  two 
fo l ia r  a p p l i c a t i o n s  of  e i t he r  c a r b o f u r a n  or  
F M C  35001. T h e  t h i r d  fo l ia r  t r e a t m e n t  in- 
creased the ac t iv i ty  of c a r b o f u r a n ,  b u t  n o t  
t ha t  of F M C  35001. 

T h e  on ly  p l a n t - p a r a s i t i c  n e m a t o d e  tha t  
was a b u n d a n t  a t  the  e n d  of the  tobacco  ex- 
p e r i m e n t  was P. penetrans, a n d  al l  t reat-  
men t s  were  e q u a l l y  effective in  p r o t e c t i n g  
the p l an t s  ( T a b l e  3). i n  a l l  cases, on ly  pop-  
u l a t ions  of P. penetrans per  g r a m  of  roo t s  
a re  r e p o r t e d ,  because  a t  the  t ime  of sam- 
p l i n g  on ly  a few spec imen t s  of  P. penetrans 
were recovered  f rom soil.  

D I S C U S S I O N  

T h e  resul t s  r e p o r t e d  h e r e i n  i n d i c a t e  t ha t  
n e m a t o d e  p o p u l a t i o n s  can be  r e d u c e d  w i t h  
fo l ia r  t r e a t m e n t s  of  c a r b o f u r a n  or  F M C  
35001 u n d e r  m i c r o p l o t  a n d  field cond i t ions .  
A l t h o u g h  the  soil  was n o t  covered  d u r i n g  
spray ing ,  the  a m o u n t  of  chemica l  d r i p p i n g  
f rom the  leaves on to  the  soil  was neg l ig ib le .  
T h e  c on t ro l  obse rved  was ach ieved  by  the  
t r a n s loc a t i on  of the  p r o d u c t s  used  or  the i r  
m e t a b o l i t e s  d i r ec t l y  or  in  assoc ia t ion  w i t h  
roo t  exuda tes .  T h e  c on t ro l  o b t a i n e d  va r i ed  
w i th  the  suscep t ib i l i t y  of  n e m a t o d e  species 
and  the i r  m o d e  of  pa ras i t i sm;  P. penetrans 
a p p e a r e d  to be mos t  suscep t ib le  to fo l i a r  

Table 1. Numbers of nematodes of several species recovered from soil and corn root after treatment with 
carbofuran and FMC 35001* under microplot conditions. 

Meant 
Nematode species 

Praty- Tylenchor- Helicocoty- 
No. of lenchus/ h y n c h u s /  lenchus/  Xiphinema/ 

Treatment~ applications g root 200 cm3 soil 200 cm3 soil 200 cm3 soil 

Control 10340 a 236 a 77 a 38 a 
FMC 35001 2 1742 b 3 b 12 a 3 bc 

3 1080 b 22 b 17 a 3 bc 
Carbofuran 2 1585 b 38 b 17 a 2 c 

3 1063 b 25 b 16 a 0 c 
Carbofuran (10G)§ I 893 b 26 b 20 a 12 b 

*2,3-dihydro-2,2-dimethyl-7-benzofuranyl ([dibutylamino]thio) methylcarbamate. 
~'Values are means of four replicates. Column means followed by common letters are not different 

according to Duncan's multiple-range test (P = 0.01). 
.+Spray suspension of 2,400 #g/ml (350-650 ml) used. 
§Applied to soil at the rate of 20 kg ai/ha. 
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Table 2. Numbers of nematodes recovered from soil and potalo root after treatment with carbofuran 
and FMC 35001.* 

Meant 
Nematode density at harvest 

Praty- Tylenchor. Heliocoly- 
No. of lenchus/ hynchus/  lenchus/ Hoplolaimus/ 

TreatmentS. treatments g root 200 cm ,~ soil 200 cm.~ soil 200 cm3 soil 

Control 3415 a 405 a 183 a 122 a 
FMC 35001 2 211 c 101 bc 71 a 9 c 

3 278 c I17 bc 95 a 27 bc 
Carbofuran 2 105 c 71 bc 24 a 9 be 

3 135 e 65 c 22 a 4 c 
Carbofuran (10G)§ 1 1731 b 178 b 63 a 41 ab 

*2,3-dihydro-2,2-dimethyl-7-benzofuranyl ([dibutylaminol]thio) methylcarbamate. 
~'Values are means of four replicates. Column means followed by common letters are not different 

according to Duncan's multiple-range test (P = 0.01). 
.+Spray suspension of 2,400 #g/ml (1.5-2.9 liters) per 7-m row used. 
§Applied to soil at the rate of 3 kg ai/ha. 

t rea tments .  T h i s  p h e n o m e n o n  may  be re- 
la ted to the endoparas i t i c  n a t u r e  of the 
nematode .  Endoparas i t i c  species have 
greater  contac t  wi th  p l a n t  cells t h a n  do 
ectoparasi t ic  nematodes .  O n  the other  hand ,  
X. americanum and  Helicotylenchus sp., 
bo th  ectoparasi t ic  species, were no t  equa l ly  
affected by the t rea tments  in  the mic rop lo t  
e x p e r i m e n t  a n d  consequen t ly  species suscep- 
t ib i l i ty  may also be i m p o r t a n t .  Con t ro l  of 
nematodes  may also d e p e n d  on  the ab i l i ty  
of host p lan ts  to absorb,  t ranslocate,  and  

"Fable 3. Numbers of Pratylenchus penetrans 
recovered from tobacco root after treatment with 
Carbofuran and FMC 35001* under field conditions. 

Mean 
No. of Pratylenchusq~ 

Treattnent~'. treatments g roots 

Control 742 a 
FMC 35001 2 157 b 

3 80 b 
Carbofuran 2 188 b 

3 120 b 
Carbofuran (10G)§ l 102 b 

* 2,3-dihydro-2,2-dimethyl-7-benzofuranyl ([di- 
butylamino]thio) methylcarbamate. 

+Values are means of four replicates. Column 
means followed by common letters are not different 
according to Duncan's multiple-range test (P = 
0.01). 

+Chemical suspension of 2,400 #g/ml (1.5-2.9 
liters) per 7-m row used. 

§Applied to soil at the rate of 20 kg ai/ha. 

metabol ize  toxicants  differently.  ] n  fact, 
three foliar sprays of c a r b o f n r a n  were be t te r  
t han  two spray app l i ca t ions  in  r e d u c i n g  
popu l a t i ons  of T. claytoni when  corn  was 
used as host. In  the tobacco exper imen t ,  
however,  there was no difference be tween  
two and  three foliar t rea tments .  

Fol ia r  app l i ca t ions  were made  when  the 
soil was mois t  a nd  on  m o r n i n g s  of most ly  
s u n n y  days in  order  to increase chemical  
pe ne t r a t i on  th rough  s tomata  of tu rg id  
leaves and  to p romote  t rans loca t ion  th rough  
photosynthesis .  I t  r emains  to be demon-  
s trated to wha t  ex ten t  e n v i r o m n e n t a l  con- 
d i t ions  affect this t rans loca t ion .  A n o t h e r  
ques t ion  to be answered concerns  the eco- 
nomics  of the i r  app l ica t ion .  T h e  a m o u n t  
o[ active i ng red i en t  of chemical  per hectare 
used in  our  studies for two fol iar  appl ica-  
t ions t ranslates  to 20 kg for corn, 8 kg for 
po ta to  and  2 kg for tobacco. Soil t r ea tments  
were i nc luded  as control ,  a n d  the rates were 
different  t h a n  those used for foliar  appl ica-  
tions. 

As research in  p l a n t  chemothe rapy  con- 
t inues,  p rob lems  now p r e v e n t i n g  the use of 
d o w n w a r d  systemic nemat ic ides  may  be re- 
solved. O n l y  a small  a m o u n t  of chemical  ap- 
pl ied to the foliage of tile p lan ts  penet ra tes  
and  is t ranslocated in  p l an t s  (15). New 
f o r m u l a t i o n  may improve  leaf pene t r a t i on ,  
a l t hough  so far this has no t  been  the case 
wi th  oxamyl  (7). C u r r e n t  research shows 
also in teres t  i n  inves t iga t ing  o ther  factors 
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r e s p o n s i b l e  for  u p t a k e  of  p e s t i c i d e  b y  foli-  
age  s u c h  as c u t i c l e  p e n e t r a t i o n ,  m o v e m e n t  
w i t h i n  p l a n t s ,  a n d  f o r m u l a t i o n  (1,11,14) .  

N e m a t o d e  c o n t r o l  w i t h  t h r e e  f o l i a r  ap -  
p l i c a t i o n s  o f  c a r b o f u r a n  o r  F M C  35001 gen -  
e r a l l y  was  n o  b e t t e r  t h a n  t l t a t  a c h i e v e d  w i t h  
t w o  a p p l i c a t i o n s .  P e r h a p s  b e t t e r  f o r m u l a -  
t i o n s  a n d  s i n g l e  a p p l i c a t i o n s  as w e l l  as 
m u l t i p l e  a p p l i c a t i o n s  o f  l o w e r  c o n c e n t r a -  
t i o n s  of  t h e s e  c h e m i c a l s  s h o u l d  n o w  b e  in-  
v e s t i g a t e d .  

L I T E R A T U R E  C I T E D  

1. Baker, E. A. 1979. The  effects of cuticular 
components on foliar penetration. S.C.I. Symposium: 
Uptake and transport of herbicides in crops and 
weeds, 30th April 1979. Pesticide Science, in press. 

2. Barker, K. R. (chairman). 1978. Determining 
nematode population response to control agents. 
Pp. 114-115 in Methods for evaluating plant  fungi- 
cides, nematicides and bactericides. The  American 
Phytopathological Society. 

3. Caveness, F. E., and H. J. Jensen. 1955. Mod- 
ification of the centrifugal-flotation technique for 
the isolation and concentration of nematodes and 
their eggs from soil and plant  tissue. Proc. Hehnin- 
thol. S~)c. Wash. 22:87-89. 

4. DiSanzo, C. P. 1981. Effect of foliar applica- 
tion of carbofuran and a related compound on 
plant-parasitic nematodes under  greenhouse and 
growth chamber conditions. J. Nematol. 13:20-24. 

5. Gowen, S. R. 1975. Nematicidal effects of 
foliar applications to banana seedlings. Nematropica 

April 1982 

5:20 (Abstr.). 
6. Griffin, G. D. 1975. Control of Heterodera 

schachtii with foliar application of nematicides. J. 
Nematol. 7:347-351. 

7. Holly, K. 1956. Penetrat ion of chlorinated 
phenoxyacetic acids into leaves. Ann. App1. Biol. 
44:195-199. 

8. Krusberg, L. R. 1961. Studies on the culturing 
and parasitism of plant-parasitic nematodes, in par- 
ticular Ditylenchus dipsaci and Aphelenchoides 
ritzema-bosi, on alfalfa tissue. Nematologica 6:181- 
200. 

9. Peacock, F. C. 1966. Nematode control by 
chemotherapy. Nematologica 12:70-86. 

10. Potter, J. w. ,  and C. F. Marks. 1976. Efficacy 
of oxamyl against Heterodera schachtii on cabbage. 
J. Nematol. 8:38-42. 

11. Price, C. E. 1974. Penetration and movements 
within plants of pesticides and other  solutes: uptake 
mechanisms. Reports on the progress of applied 
chemistry 59:310-326. 

12. Radewald, J. D., F. Shibuya, J. Nelson, and 
J. Bivens. 1970. Nematode control with 1410, an ex- 
perimental nematicide insecticide. Pl. Dis. Rptr.  54: 
187-190. 

13. Santo, G. S., and W. J. Bolander. 1979. Con- 
trol of Meloidogyne hapla in roots of red currants 
with foliar applications of oxamyl and phenamiphos.  
PI. Dis. Rptr. 63:639-641. 

14. Seaman, D. 1979. Colloid and surface science 
and technology in the pesticide industry. Chemistry 
and industry 3 March, pp. 159-165. 

15. Wright,  D. J., and N. Vomack. 1981. In- 
hibi t ion of development of Meloidogyne incognita 
by root and foliar applications of oxamyl. Ann. 
Appl. Biol. 97:297-302. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

