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Growth of Potato and Control of 
Pratylenchus penetrans with Oxamyl-treated 

Seed Pieces in Greenhouse Studies 
J. L. TOWNSHEND AND TH. H. A. OLTHOF 1 

Abstract: Oxamyl was applied to bo th  uncut  and cut potato tubers in aqueous solutions of 1,000 
to 32,000 ~g/ml .  Emergence in greenhouse pots was delayed for a day or more after soaking cut 
tuber  pieces in 32,000 ~.g/ml. After  10 weeks plant growth was greater,  relative to the control,  
when Pratylenchuspenetrans-infested soil was planted with cut tubers soaked for 20 minutes in 32,000 
~g/ml.  Soaking for 40 minutes did not  increase nematode control nor  affect plant growth. Oxamyl 
applied to tubers at 1,000 gg /ml  reduced the numbers  ofP.  penetrans in the soil by 20% and in the 
roots by 35%; at 32,000 #g /ml ,  the numbers  of P. penetrans in the soil were reduced by 73-86% 
and in the roots by 86-97%. T h e  numbers  of P. penetrans did not increase in the roots of  plants 
developed from cut tubers soaked in 32,000/zg/ml  over a period of 10 weeks, but  numbers  of lesion 
nematodes had begun to increase in the soil. 
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Pratylenchus penetrans Cobb is a primary 
plant-parasitic nematode associated with 
potato (Solanum tuberosum L.) in Ontario 
(6). Microplot studies have shown that P. 
penetrans can substantially reduce potato 
yields when soil population densities ex- 
ceed 2 ,000/kg  at planting (5). Nematode 
control studies on this crop include pre- 
plant treatments (Vorlex, Telone), treat- 
ments at planting (aldicarb, oxamyl), and 
postplant (oxamyl) treatments with nema- 
ticides (4,7). Vorlex and Telone were very 
effective preplant nematicides (4), whereas 
oxamyl was ineffective as a drench at plant- 
ing and only moderately effective at high 
rates as a postplant foliar spray (4,7). Foliar 
applications of  oxamyl have been more ef- 
fective on other  crops, such as on banana 
(2), cabbage (8), and tomato (12). Because 
oxamyl is readily soluble in water, appar- 
ently it moves rapidly through soil and thus 
is not very persistent in the rhizospere soil 
(1). Consequently, most of  the oxamyl is 
leached before roots have developed. One 
means of  localizing oxamyl in the root  zone 
has been the application of  oxamyl to seeds 
of  cereals (9), grasses (3), and legumes (11). 
Similarly, oxamyl could be applied to po- 
tato tuber seed pieces as a sink for the ne- 
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maticide. The  objective of  this study was 
to determine the efficacy of  oxamyl applied 
to potato tubers for the control of  P. pen- 
etrans in greenhouse studies and: its effect 
on plant growth. 

MATERIALS AND METHODS 

• Five experiments were carried out in the 
greenhouse to evaluate application of  ox- 
amyl to whole and cut seed potato tubers. 
Effects of oxamyl concentration and seed 
piece soaking times on the duration of  
pos tp lant  nema tode  cont ro l  and plant  
growth were assessed. 

A Tioga loamy sand heavily infested with 
P. penetrans was obtained from a commer- 
cial potato field at Alliston, Ontario. The  
soil was stored in plastic bags at 5 C until 
used. Before each experiment, infested soil 
was sieved and mixed several times to re- 
move root debris and to obtain a uniform 
distribution of  nematodes. Nematode den- 
sity was determined for each experiment 
by extracting nematodes from eight 50-g 
subsamples for 7 days at 22 C using the pan 
extraction method (10). Russet Burbank 
potatoes from the 1985 harvest were also 
stored at 5 C until required. 

Application ofoxamyl: Forty potato tubers 
weighing 35-48 g were selected, and 20 
larger tubers were cut to obtain a similar 
seed-piece weight. Oxamyl, methyl 2-(di- 
methylamino)- N- [[[methyl (amino) carban- 
yl]oxy]-2-]oxoethanimido thioate (Vydate 
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L, 24% a.i.), solutions o f  1,000, 2,000, 
4,000, and 8,000 ~ g / m l  were  used. Eight  
cut and eight  whole tubers  were  soaked for  
20 minutes  in each o f  the four  solutions 
and then  air dr ied  for  70 minutes.  Eight 
whole and eight  cut tubers  were  soaked in 
water  and dr ied  for  the check. 

For ty  clay pots (15 cm d x 13 cm high) 
were half  filled with nematode-infested soil. 
A n o t h e r  40 pots were hal f  filled with sim- 
ilar soil steam sterilized for  30 minutes  at 
120 C for  controls.  Cut  tubers  t rea ted  with 
the  four  d i f ferent  concent ra t ions  o f  oxa- 
myl plus the check were  p lan ted  in 20 pots 
o f  infested soil and in 20 pots o f  sterile soil. 
Whole  tubers,  also t r ea ted  with the  four  
different  concentra t ions  o f  oxamyl,  plus the 
check were  p lan ted  in the remain ing  20 
pots of  infested soil and 20 pots o f  sterile 
soil. T h e  tuber  in each pot  was covered  
with the appropr ia te  soil to within 1 cm o f  
the rim. Each t rea tment  was repl icated four  
times. T h e  e x p e r i m e n t  was a r r anged  in a 
r andomized  block design in a g reenhouse  
mainta ined at 25 C. Supp lementa ry  light 
(75 hlx at bench  level) was p rov ided  by 
high pressure  Na lamps. Plants were har- 
vested af te r  5 weeks. Growth  pa ramete r s  
and the  number s  o f  P. penetrans in the  soil 
and roots  were de te rmined .  Nematodes  
were  ex t rac ted  f r o m roots  in a mistifier for  
2 weeks and f r o m soil in pans for  1 week. 

T h e  above e xp e r i men t  was r epea ted  us- 
ing  o x a m y l  c o n c e n t r a t i o n s  o f  8 ,000 ,  
16,000, and 32,000 t tg /ml .  T r e a t m e n t s  
were  repl icated five times. Data f rom bo th  
exper iments  were  subjected to a factorial  
analysis. In the  analyses on the concent ra-  
t ion phase,  whole tuber  and cut tuber  data 
f rom the infested soil data only were com- 
b ined  in the analyses creat ing five treat-  
ments  and eight  replicates in the  low con- 
cent ra t ions  and 10 replicates in the high 
concentra t ions .  

The effects of soaking time in oxamyl solutions 
on cut and uncut tubers: In two exper iments ,  
whole or  cut po ta to  tubers  were soaked for  
20 or  40 minutes  in oxamyl  solutions o f  0 
(check), 2,000, 8,000, and 32,000 t~g/ml 
and p lan ted  as be fo re  in infested and sterile 
soils. T r e a t m e n t s  were repl icated six times, 

and all o the r  condit ions were the same as 
in the previous exper iments .  Data f rom 
each expe r imen t  were  subjected to a fac- 
torial analysis. In the soaking t ime factor  
o f  the analyses, concen t ra t ion  data were  
combined  to crea te  two t rea tments  and 24 
replicates; in the concen t ra t ion  fac tor  o f  
the analyses, soaking t ime data were  com- 
b ined  to create  four  t rea tments  and 12 rep- 
licates. 

Duration of nematode control: Cut tubers  
soaked for  20 minutes  at 32,000 ~ g / m l  
were p lan ted  in 40 pots o f  infested soil. 
N o n t r e a t e d  cut po ta to  pieces were  p lan ted  
in 40 similar pots. T h e  ex p e r im en t  was ar- 
r anged  in a r andomized  block design in a 
g reenhouse  at 25 C with supp lementa ry  
l ighting as previously described.  T e n  rep- 
licates o f  each t r ea tmen t  were harves ted  at 
4, 6, 8, and 10 weeks after  planting. Growth  
parameters  and nematode  populat ion in soil 
and roots  were d e t e rm in ed  as before .  Data 
were  subjected to a factorial  analysis. In 
the t rea ted  vs. non t r ea t ed  factor  o f  the 
analyses, t ime data were combined  to create  
two t rea tments  and 40 replicates; in the 
t ime factor  in the analyses, the t reated-  
non t r ea t ed  data were combined  to crea te  
four  t rea tments  and 20 replicates; in the  
t r ea t ed -non t rea t ed  vs. t ime factor  in the  
analyses, the re  were eight  t rea tments  and 
10 replicates. 

RESULTS 

Application of oxamyl: T h e r e  was no  dif- 
fe rence  in t ime o f  shoot  em erg en ce  (13.2 
vs. 13.1 days) or  in the fresh weight  o f  
shoots (35.3 vs. 36.1 g) in sterile and in- 
fested soil, bu t  the fresh weight o f  roots  
was significantly g rea te r  (P = 0.05) in the 
infested soil than in sterile soil (12.2 vs. 
10.0 g). Shoot  em erg en ce  f rom cut tubers  
was earl ier  than f rom whole tubers  (12.3 
vs. 14.0 days, LSD5% = 1.0), and the  shoot  
growth  f rom cut tubers  was g rea te r  than 
that  f rom whole tubers  (37.7 vs. 33.6 g, 
LSD5% = 3.6). Fur the rmore ,  weight of  roots 
f rom cut tubers  was grea te r  than that  f rom 
whole tubers  (12.1 vs. 10.1 g, LSDs~ = 1.3). 
T h e r e  were no differences,  however ,  in the  
n u m b e r  o fP .  penetrans in soil p lan ted  with 
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TABLE 1. Density of Pratylenchus penetrans and 
growth of potato plants in infested soil planted with 
tubers t reated with various concentrat ions of oxamyl. 

P. penetrans 
Shoot 
emer- Weight (g) No./ 

Treatment gence No./kg root 
(gg/ml) (days )  Shoot Root soil system 

Low concentrat ionst  
0 12.6 35.4 11.4 2,590 3,900 

1,000 13.7 39.6 11.7 2,040 2,560 
2,000 13.5 33.9 10.8 1,750 2,370 
4,000 12.6 32.2 10.0 1,340 1,270 
8,000 13.3 37.2 11.6 1,080 1,130 
LSDs~ 1.6 5.7 2.1 456 720 

High concentrations~ 
0 12.9 41.0 14.4 5,070 6,610 

8,000 13.0 42.4 17.2 1,080 2,430 
16,000 11.6 36.4 14.5 800 1,590 
32,000 12.6 44.9 16.8 720 940 

LSD5% 1.9 10.7 3.2 120 660 

~" Initial population density 8,300 P. penetrans/kg soil. 
:~ Initial population density 9,300 P. pe~etrans/kg soil. 

either whole or cut tubers (1,670 vs. 1,850/ 
kg soil) or in the roots produced from such 
tubers (2,420 vs. 2 ,080/root  system) after 
5 weeks. Shoot emergence was not affected 
and fresh weight of  shoots and roots did 
not change as oxamyl concentration in- 
creased from 1,000 to 8,000 t~g/ml (Table 
1). The numbers of P. penetrans in the soil 
and in the roots decreased, however, as the 
concentration of  oxamyl applied to tuber 
pieces increased (Table 1). 

High concentrations of  oxamyl did not 
affect shoot emergence, shoot growth, or 
root growth (Table 1). The number of P. 
penetrans in the soil and in the roots, how- 
ever, decreased as the concentration of ox- 
amyl increased (Table 1). The numbers of  
P. penetrans in the roots of plants from tu- 
ber pieces treated with oxamyl at 16,000 
and 32,000 ~g/ml  were significantly lower 
(P = 0.05) than those from the 8,000-~g/ 
ml treatment (Table 1). 

Effect of soaking time in oxamyl solutions on 
cut and uncut tubers: In the first experi- 
ment, there were no differences in shoot 
emergence, shoot growth, or root growth 
from whole tubers planted in sterile soil vs. 
infested soil. Shoot emergence was delayed 
at oxamyl concentrations of  16,000 and 

TABLE 2. Density of Pratylenchus penetrans and 
growth of potato plants in infested soil planted with 
whole tubers or cut tubers t reated with 8,000, 16,000, 
or 32,000 ~g /ml  of oxamyl using two soaking times. 

P. penetrans 
Shoot 
emer- Weight (g) No./ 
gence No./kg root 
(days) Shoot Root soil system 

Soaking time 

20 min. 15.0 
40 min. 14.4 

LSD5% 1.1 

Concentrat ion 
O 13.4 

8,000 14.6 
16,000 15.1 
32,000 15.7 

LSD~ 1.6 

Whole tubers'[" 

25.4 9.3 3,820 1,730 
27.6 9.9 3,190 1,740 

3.3 1.1 650 280 

27.7 9.5 6,410 4,910 
27.5 10.1 3,880 1,040 
27.0 9.9 2,270 620 
23.9 8.9 1,450 370 

4.7 1.5 920 390 

Cut tubers~ 

Soaking time 
20min .  11.3 17.8 11.4 4,790 3,120 
4 0 m i n .  11.1 19.4 11.9 3,740 2,880 

LSD5% 0.9 3.0 1.6 1,390 650 

Concentrat ion 
0 10.4 19.9 11.5 7,310 8,500 

8,000 10.8 18.3 12.1 4,800 2,140 
16,000 11.4 18.2 11.1 3,000 920 
32,000 12.2 17.8 11.9 1,990 280 

LSD~ 1.2 4.3 2.2 1,960 920 

These data are based on the data from the infested soil 
portion of each of the two experiments. 

~" Initial population density 9,300 P. penetrans/kg soil. 
Initial population density 8,400 P. penetrans/kg soil. 

32,000 gg/ml,  but after 5 weeks shoot and 
root growth were not different from check 
plants (Table 2). The  numbers of  P. pene- 
trans in the soil and roots at 5 weeks de- 
creased as the concentration of oxamyl in- 
creased (Table 2). Increasing the soaking 
time from 20 to 40 minutes did not affect 
shoot emergence ,  shoot growth,  root  
growth, or the number of  P. penetrans in 
the soil and roots at 5 weeks (Table 2). 

In the second experiment, the results 
with cut tuber pieces were similar to the 
first experiment (Table 2). The  reduction 
in the number of P. penetrans in the roots 
relative to increasing oxamyl concentra- 
tion was greater than for the whole tubers 
(Table 2). Compared with the 20-minute 
treatment, the 40-minute soaking period 
in oxamyl solutions did not further reduce 
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TABLE 3. Density of Pratylenchus penetrans and growth of potato plants in infested soil at various intervals 
after planting with cut tuber  pieces t reated with oxamyl at 32,000 ~g/ml .  

Shoot Weight (g) P. penetrans 
emergence 

(days) Shoot Root No./kg soil No./root system 

Treated  vs. non t rea ted t  
Unt rea ted  14.2 
Trea ted  15.9 

LSDs~ 1.5 

Weeks after t rea tment  

4 16.5 
6 14.8 
8 14.7 

10 14.5 
LSD5% 2.1 

Nontreated (N) vs. Trea ted  

N 4 16.3 
6 13.8 
8 12.5 

10 14.1 
T 4 16.6 

6 14.9 
8 16.8 

10 15.4 
LSD5% 3.0 

(T) vs. time 

50.3 21.4 10,740 15,320 
62.0 28.5 1,470 810 

5.7 3.9 1,660 1,880 

21.4 10.8 3,390 6,250 
47.5 19.1 5,310 9,390 
63.3 27.4 5,080 6,830 
92.3 42.4 10,630 9,790 

8.0 5.6 2,340 2,670 

13.3 8.5 4,900 11,380 
41.9 16.7 9,960 18,020 
61.8 24.7 9,210 12,900 
84.1 35.9 18,880 18,980 
29.6 13.2 1,880 1,120 
53.1 21.6 658 760 
64.8 30.2 950 760 

100.4 49.0 2,380 600 
11.4 7.9 3,310 3,770 

t Initial population density 11,660 P. penetrans/kg soil. 

the number  of  P. penetrans in roots or soil 
(Table 2). 

Duration of nematode control: Shoot emer- 
gence f rom tubers  soaked in oxamyl  
(32,000 ~g/ml) was delayed by 1.7 days 
relative to the nontreated check (Table 3). 
Shoot growth and root growth of  plants 
from treated tubers, however, was greater 
than that from nontreated tubers (Table 
3). The  number  of  P. penetrans in the soil 
and roots of  treated tubers was much lower 
than that in the corresponding check treat- 
ments (Table 3). Shoot growth and root  
growth increased with time irrespective of  
treatments (Table 3). Numbers  of  P. pen- 
etrans in soil and roots increased only in 
pots planted with nontreated tubers (Table 
3). Shoot growth and root growth of  plants 
from treated tuber pieces were greater than 
those of  the check plants only at the 10th 
week (Table 3). The  number  ofP. penetrans 
in soil planted with nontreated tuber pieces 
increased fourfold during 10 weeks (Table 
3). The  density of  P. penetrans at 4 weeks 
after planting was much lower in pots 
planted with treated tubers than in the 

comparable check, and densities did not 
increase by week 10 (Table 3). The  num- 
bers of  P. penetrans in the roots of  plants 
from nontreated tuber pieces fluctuated 
between week 4 and week 10 (Table 3). 

DISCUSSION 

Potato tubers were tolerant of  relatively 
high concentrations of  oxamyl. Increasing 
concentrations of  oxamyl in aqueous so- 
lutions applied to either whole or cut tu- 
bers delayed shoot emergence only slightly 
with a maximum delay of ca. 2 days at 
32,000 ~g/ml. Shoot emergence from cut 
tubers was ca. 3 days earlier than that from 
whole tubers irrespective of  treatment. The 
data indicate that the length of  the soaking 
period in oxamyl does not significantly af- 
fect phytotoxicity or nematode control. A 
grower could treat tuber pieces for 20-40 
minutes, or perhaps longer, without any 
harmful effects to the plant. Choice of  con- 
centration with which to treat tuber pieces 
with oxamyl would likely be 16,000 or 
32,000 #g /ml  because the numbers of  P. 
penetrans would be only 5-25% of  those in 
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r o o t s  o f  p l a n t s  d e v e l o p i n g  f r o m  n o n t r e a t e d  
t u b e r  p ieces .  T u b e r  t r e a t m e n t  w i th  o x a m y l  
c o u l d  b e  s u p p l e m e n t e d  w i th  f o l i a r  s p r a y s  
in t h e  f ie ld .  T h e s e  s p r a y s  c o u l d  b e g i n  as 
e a r l y  as 8 w e e k s  a f t e r  p l a n t i n g  (7), a n d  as 
m a n y  as f o u r  sp r ays  c o u l d  b e  a p p l i e d  a t  1 0 -  
14-day  in t e rva l s .  

C o m m e r c i a l l y ,  p o t a t o  t u b e r  p i e c e s  c o u l d  
b e  s o a k e d  in a q u e o u s  o x a m y l  s o l u t i o n s  in 
l a r g e  s tee l  t anks .  S t u d i e s  a r e  u n d e r w a y  to  
d e t e r m i n e  t h e  a m o u n t  o f  o x a m y l  t a k e n  u p  
p e r  u n i t  w e i g h t  o f  p o t a t o  t u b e r .  T h i s  in-  
f o r m a t i o n  will e n a b l e  t h e  a d j u s t m e n t  o f  t h e  
c o n c e n t r a t i o n  o f  o x a m y l  to  its p r o p e r  l eve l  
a f t e r  t h e  t r e a t m e n t  o f  e a c h  lo t  o f  s e e d  a n d  
p r o v i d e  i n f o r m a t i o n  n e e d e d  to  d e t e r m i n e  
t h e  cost .  T h e  u s e d  o x a m y l  s o l u t i o n  c o u l d  
b e  d e c o m p o s e d  to  t h e  s u b s t a n t i a l l y  less t ox -  
ic c o r r e s p o n d i n g  o x i m e  wi th  l i m e  o r  o t h e r  
a lka l i  b e f o r e  d i s c a r d i n g .  
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