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Effects of Incorporation Method of Ethoprop and Addition of 
Aldicarb on Potato Tuber Infection by Meloidogyne hapla 1 

RUSSELL E. INGHAM, 2 MARK MORRIS,  3 AND GENE B.  NEWCOMB 2 

Abstract: The  efficacy of controll ing Meloidogyne hapla on potato with water incorporat ion of  
e thoprop was compared to physical incorporat ion before planting. T h e  standard practice of aldicarb 
application for insect control  was also evaluated for M. hapla suppression with and without ethoprop. 
Physical incorporat ion before planting by rototilling or discing reduced (P -< 0.05) tuber  infection. 
Postplant water incorporat ion of e thoprop was not as effective as physical incorporat ion of e thoprop 
or postplant water incorporat ion of  aldicarb and did not reduce (P -< 0.05) tuber  infection at harvest. 
Ethoprop did not  affect yield, whereas aldicarb increased yield in one experiment.  

Key words: aldicarb, chemical control, ethoprop,  incorporat ion method,  Meloidogyne hapla, ne- 
maticide, nematode,  no r the rn  root-knot nematode,  potato, Solanum tuberosum. 

Northern root-knot nematode (Meloido- 
gyne hapla Chitwood) is a serious pest of  
potato (4,9) and is widespread throughout  
the Pacific Northwest  (6). Whereas M. hap- 
la can generally be controlled by fumiga- 
tion (10), damage may occur if initial pop- 
ulations are high, if numbers of  degree days 
during the growing season are higher than 
normal, or if potatoes are harvested late in 
the season. Infection sites are best identi- 
fied by brown spots that appear within the 
tuber after females begin egg production 
(8). These spots reduce tuber  quality and 
therefore crop value. Application of  non- 
fumigant nematicides before planting may 
protect roots from nematodes remaining 
after fumigation and thus reduce the num- 
bers in the second generation. Postplant 
applications may further  protect roots and 
developing tubers from second-stage ju- 
veniles (]2) of  the second or later genera- 
tions (5). Application of  the nonfumigant 
nematicide ethoprop after fumigation has 
been demonstrated to further  reduce tu- 
ber  infection by M. chitwoodi Golden et al. 
(7,11) but  has not been evaluated for M. 
hapla. Physical incorporation of  e thoprop 
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b e f o r e  p lant ing  is r e c o m m e n d e d ,  but  
growers in the Pacific Northwest are re- 
luctant to do so because of  the additional 
expense for cultivation and the risk of  soil 
erosion in windy areas. 

The  objective of  this study was to eval- 
uate timing of  ethoprop applications and 
methods of  incorporating ethoprop into the 
soil to achieve maximum tuber protection. 
Several methods of  water incorporation of  
ethoprop granules and soil injection of  a 
liquid formulation were evaluated as alter- 
natives to physical incorporation of  gran- 
ules. Previous studies have demonstrated 
that the downward movement  of  ethoprop 
in soils is limited (1,12--14). Treatments  
that included addition of  gypsum to com- 
pete with sites on organic matter and soil 
colloids that would bind with ethoprop and 
treatments with a soil surfactant (ammo- 
nium laureth sulfate) were examined to de- 
termine if efficacy could be improved. Be- 
cause most growers have routinely applied 
aldicarb for control of  insects on potato, 
treatments with ethoprop and aldicarb 
combinations were included to determine 
if additional nematode suppression was 
achieved from this management practice. 
A field with known high populations of  M. 
hapla was selected to test the efficacy of  
these treatments. 

MATERIALS AND METHODS 

This research was conducted in a field 
(loamy sand, 84% sand, 11% silt, 5% clay; 
0.8% OM; pH 7.0) under  center pivot ir- 
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rigation near Irrigon, Oregon. The  field 
was preplant fumigated with 608 liters 
metham sodium/ha  injected through cen- 
ter pivot irrigation on 15 October 1987. 
Populations of  M. hapla J2 in the surface 
30 cm of  the field were 3,600/250 cm a one 
month before fumigation (16 September 
1987), 245/250 cm s nearly one month af- 
ter fumigation (12 November 1987), and 
795/250 cm 3 before plot establishment in 
the spring (3 March 1988). In each of  two 
experiments, treatments receiving etho- 
prop and the untreated control plots were 
placed in randomized complete block de- 
signs, with eight treatments and four rep- 
lications. A randomly selected half of  each 
plot was treated with aldicarb so that the 
final design in each experiment contained 
64 plots of  four rows, 9.1 m long and 3.4 
m wide. Treatments  and application dates 
for the two experiments conducted simul- 
taneously in the same field are described 
(Table 1). All applications were made with 
commercia l  field equ ipmen t  to mimic 
grower practices. In water incorporation 
treatments before planting, water was de- 
livered by four impact-head sprinklers 
placed at the plot corners. Soil was sampled 
for nematodes by taking 10 (before plant- 
ing, 7 April 1988) or 6 (midseason, 12 July 
1988) 2.5-cm-d cores to a depth of  45 cm 
from the two center rows of  each plot. 
Nematodes were extracted by wet sieving- 
sucrose centrifugation (2), and live and to- 
tal J2 ofM. hapla were counted. Live nema- 
todes were defined as those already moving 
or moving after slight mechanical prod- 
ding. 

Potato (Solanum tuberosum L. cv. Russet 
Burbank) seed pieces were planted 10 cm 
deep and 86 cm apart on 12 April 1988 
and harvested from the center 6 m of the 
two middle rows in each plot on 19-23 
September 1988. Plots were maintained 
according to standard grower practices, and 
foliar insecticides were applied in plots 
without aldicarb when needed to reduce 
effects of foliar-feeding insects. Tubers 
were graded for size and yield, and twenty- 
five 227-340 g tubers were selected at ran- 
dom from each plot for assessment of  root- 

knot nematode infection. Tubers were 
stored at room temperature (20 C) for 3 
weeks to ensure adequate symptom devel- 
opment for treatment evaluation because 
tuber damage from M. hapla infection is 
usually not apparent until late September 
or early October (8). Tubers were peeled, 
and the number of  nematode infection sites 
was determined by inspection under  a mag- 
nifying lamp. Infection of  each tuber was 
ranked with an index value of 0 through 
6 : 0  = no infection, 1 = 1 to 3 infection 
sites, 2 = 4 to 5 sites, 3 -- 6 to 9 sites, 4 = 
10 to 49 sites, 5 = 50 to 99 sites, and 6 = 
100 + sites. The  percentage of  culls due to 
nematodes was determined as the propor- 
tion of  total tubers in the sample with an 
index of  3 or higher (7). 

Nematode densities were transformed to 
log (x + 1), whereas percentage of tuber 
infection and percentage of  culled tubers 
were transformed to arcsin (square root 
[x]) before analysis. Treatments in the 
group of plots receiving ethoprop and those 
receiving ethoprop plus aldicarb were an- 
alyzed by analysis of  variance (ANOVA), 
and significant t reatment differences were 
determined with a protected LSD. Stu- 
dent's t-test was used to compare treat- 
ments receiving ethoprop alone with like 
treatments receiving ethoprop plus aldi- 
carb. Infection index data were analyzed 
by a Kruskal-Wallis test, and pairs of etho- 
prop and ethoprop plus aldicarb treat- 
ments were compared with a Wilcoxon 
matched-pairs test. Correlation analysis was 
performed between tuber infection data 
and J2 densities before planting or at mid- 
season to determine if tuber damage was 
related to J2 density. All differences re- 
ported were significant at P -< 0.05, unless 
otherwise stated. 

RESULTS 

Soil nematode populations: Before planting 
(7 April) J2 populations in the soil were not 
significantly different for any treatment in 
either experiment (Tables 2, 3). Total den- 
sities ofM. haplaJ2 averaged 338 (22 live)/ 
250 cm s soil in Experiment 1 and 500 (60 
live)/250 cm 3 soil in Experiment 2. 
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TABLE 1. Descriptions of t reatments  used in two field experiments for management  of  Meloidogyne hapla 
on potato. 

Treatment 
abbreviationt Description 

Experiment 1 
No ethoprop No e thoprop added: = unt rea ted  control in plots without aldicarb application; = 

aldicarb alone in plots with aldicarb application. 

Trea tments  initiated before planting: 

R O T O  13.2 kg a . i . /ha  granular  e thoprop broadcast applied and rototilled (ROTO) in to 
a depth  of  12.5 cm on 7 April 1988. 

I15S + WPP 6.6 kg a . i . /ha  liquid e thoprop injected 30 cm deep at a 15-cm spacing (I15S) on 8 
April 1988 plus postplant water incorporation (WPP) of 6.6 kg a . i . /ha  granular  
e thoprop broadcast applied on 26 April 1988. 

I30S + WPP 6.6 kg a . i . /ha  liquid e thoprop injected 30 cm deep at a 30-cm spacing (I30S) on 8 
April 1988 plus postplant water incorporat ion (WPP) of 6.6 kg a . i . /ha  granular  
e thoprop broadcast  applied on 26 April 1988. 

Trea tments  initiated after planting: 
WPP 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and postplant incorporated 

with 1 cm water in 11 minutes on 26 April 1988. 
WPP + S 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and postplant incorporated 

with 1 cm water in 11 minutes on 26 April 1988 after ground had been moist- 
ened with the soil surfactant (S) ammonium laureth sulfate (140.3 ml a.i . /ha).  

WPP + GBP 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and postplant incorporated 
with 1 cm water in 11 minutes on 26 April 1988; 1,100 k g / h a  gypsum was 
broadcast applied before planting (GBP) on 8 April 1988. 

WPP + GPP 13.2 kg a . i . /ha  granular  e thoprop and 1,100 k g / h a  gypsum broadcast applied 
and postplant incorporated (GPP) with 1 cm water in 11 minutes on 26 April 
1988. 

Experiment 2 
No e thoprop No e thoprop added: = unt rea ted  control in plots without aldicarb application; = 

aldicarb alone in plots with aldicarb application. 

Trea tments  initiated before planting: 
R O T O  (13.2) 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and rototilled in to a depth  

of 12.5 cm on 7 April 1988. 
R O T O  (6.6) 6.6 kg a . i . /ha  granular  e thoprop broadcast applied and rototilled in to a depth  of  

12.5 cm on 7 April 1988. 
DISC 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and disced (DISC) in to a 

depth  of  17.5 cm on 7 April 1988. 
WBP 13.2 kg a . i . /ha  granular  e thoprop broadcast applied and incorporated before 

planting with 1 cm water (WBP)in  11 minutes on 7 April 1988. 

Trea tments  initiated after planting: 
WPP 13.3 kg a . i . /ha  granular  e thoprop broadcast applied and postplant incorporated 

with 1 cm water in 11 minutes on 26 April 1988. 
WPP - PE 13.3 kg a . i . /ha  granular  e thoprop broadcast applied and postplant water incorpo- 

ra ted at preemergence (PE; 11 May 1988). 
WPP - PE - LC 6.6 kg a . i . /ha  granular  e thoprop broadcast applied and postplant water incorpo- 

ra ted (26 April 1988) plus 3.3 kg a . i . /ha  water incorporated at preemergence 
(PE; 11 May 1988) plus 3.3 kg a . i . /ha  water incorporated at last cultivation 
(LC) before row closure (9 June  1988). 

~" Half of each plot was treated on 5 May 1988 with 3.3 kg a.i./ha aldicarb by banding over the row and covering. 
Abbreviations for these treatments in the text are as above with a + A suffix. All plots received 608 liters/ha metham sodium 
preplant fumigation on 15 October 1987. 

Two treatments applied before planting 
in Experiment 1, I 15S + WPP and ROTO 
(see Table 1 for definition of  abbrevia- 
tions), reduced (P - 0.05) total soil J2 at 

midseason (12 July) from those in the un- 
treated control. Live nematodes were also 
significantly less in the I 15S + WPP treat- 
ment. Rototill-incorporated ethoprop plus 
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TABLE 2. Effect o f  d i f fe ren t  m e t h o d s  o f  i n c o r p o r a t i n g  e t h o p r o p  on  Meloidogyne hapla J2 densi t ies ,  t u b e r  

infec t ion ,  a n d  yield in E x p e r i m e n t  1. 

M. haplaJ2/250 cm s soil 

Before planting Midseason Tuber Culled 
infection Infection tubers Yield 

Treatment'~ Total Live Total Live (%) index (%) (t/ha) 

No aldicarb added 
R O T O  308 a 18 a 19 a 3 ab 0 a 0.0 a 0 a 66 a 
I15S + W P P  358 a 15 a 20 a 0 a 17 ab 0.3 ab 4 ab 63 a 
I30S + WPP  277 a 6 a 137 ab 32 ab 29 ab 0.6 ab 9 abc 68 a 
WPP  317 a 36 a 107 b 8 ab 52 b 1.1 b 20 bc 66 a 
WPP  + S 150 a 1 a 39 ab 8 ab 56 b 1.5 b 36 bc 59 a 
W P P  + GBP 633 a 50 a 194 ab 7 ab 57 b 1.2 b 23 bc 58 a 
W P P  + GPP 3 4 4 a  1 8 a  6 4 a b  l l a b  6 2 b  1 . 5 b  3 1 c  6 0 a  
No  e t h o p r o p  318 a 28 a 189 b 19 b 62 b 1.5 b 32 c 70 a 

3.3 kg a.i. / ha aldicarb added 
R O T O  + A 3 0 8 a  1 8 a  9 a  0 a  8 a  0 . 1 a  0 a  6 2 a  
I15S + W P P  + A 358 a 15 a 26 ab 3 ab 8 a 0.1 a 0 a 69 a 
I30S + W P P  + A 2 7 7 a  6 a  2 2 a  4 a b  l l a  0 . 1 a  0 a *  7 0 a  
W P P + A  3 1 7 a  3 6 a  2 0 3 c  3 0 c  l l a *  0 . 2 a  4 a *  6 7 a  
W P P  + S + A  1 5 0 a  1 ~a 3 0 a b  l a b  8 a  0 . 2 a  3 a  7 3 a  
W P P + G B P + A  6 3 3 a  5 0 a  4 8 a *  0 a  5 a  0 . 1 a  l a  6 9 a  
W P P  + GPP + A 344 a 18 a 55 ab 3 ab  10 a 0.1 a 0 a 73 a* 
N o e t h o p r o p  + A 3 1 8 a  2 8 a  1 0 5 b c  l l b c  1 6 a  0 . 4 a  7 a  7 0 a  

Data are means of four replications. Within the group receiving no aldicarb or the group receiving aldicarb, means in the 
same column that are followed by the same letter were not significantly different (P -< 0.05) when their transformed values 
were analyzed. 

t Treatments described in Table 1. ROTO, I15S + WPP, I30S + WPP, and ROTO + A, I15S + WPP + A, and I30S 
+ WPP + A were initiated before planting; others were initiated after planting. 

* Significantly different from the like treatment without aldicarb. 

aldicarb ( R O T O  + A) significantly re- 
duced midseason total and live J2, relative 
to aldicarb alone. Mean densities in the 
I30S + WPP treatment were skewed by 
high densities in one replicate. Average to- 
tal densities without this one replicate were 
50 (0 l ive)/250 cm 3 soil, similar to densities 
in other  preplant treatments. In addition, 
this treatment plus aldicarb (I30S + WPP 
+ A) had fewer (P -< 0.05) total J2 than 
did aldicarb alone. Thus, this method of  
applying ethoprop may also be effective in 
reducing the soil population. The  only sig- 
nificant (P ~ 0.05) effect noted in the pre- 
plant treatments of  Experiment 2 was few- 
er live J2 in the WBP treatment than in 
the no-ethoprop control. None of  the post- 
plant applications of  e thoprop without al- 
dicarb in either experiment significantly 
reduced midseason total or live numbers 
of  J2, and only one postplant e thoprop plus 
aldicarb treatment (WPP + GBP + A, Ex- 

periment 1) had lower J2 densities than in 
the treatment with aldicarb alone. 

Midseason J2 densities in treatments with 
aldicarb tended to be lower than in treat- 
ments without aldicarb. In Experiment 1, 
the WPP + GBP + A treatment had sig- 
nificantly (P -< 0.01) fewer total J2 than 
did the WPP + GBP treatment. Averaged 
across all treatments in Experiment 2, the 
reduction in J2 densities from treatments 
with aldicarb was highly significant (P - 
0.003) for live J2 (2 /250 cm s with aldicarb 
and 10/250 cm s without aldicarb), and 
densities of  total J2 (58/250  cm 3 with al- 
dicarb and 158/250 cm 3 without aldicarb) 
were nearly significantly different (P -< 
0.07). 

Tuber infection: Percentages of  tuber  in- 
fection and culled tubers and the infection 
index were decreased substantially by the 
preplant treatments in both experiments 
(Tables 2, 3). However,  most values for 
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TABLE 3. E f f e c t  o f  d i f f e r e n t  m e t h o d s  o f  i n c o r p o r a t i n g  e t h o p r o p  o n  Meloidogyae hapla soi l  (J2) p o p u l a t i o n s ,  
t u b e r  i n f e c t i o n ,  a n d  y i e l d  in  E x p e r i m e n t  2 .  

M. hapla J 2 / 2 5 0  cm ~ soil 

Before  p lan t ing  Midseason T u b e r  Culled 
infection Infect ion tubers  Yield 

T r e a t m e n t t  Tota l  Live Tota l  Live (%) index (%) ( t /ha)  

No aldicarb added 
R O T O  ( 1 3 . 2 )  3 8 1 a  1 1 a  2 3 a  l a b  4 a  < 0 . 1 a  0 a  6 6 a  
R O T O  (6 .6)  3 9 8  a 4 6  a 3 2  a 0 a b  9 a 0 .2  a 2 a b  5 7  a 
D I S C  4 9 9  a 91  a 1 2 8  a 4 a b c  8 a 0 .2  a 2 a b  6 8  a 
W B P  5 8 1  a 7 4  a 2 4  a 0 a 16 a b  0 .2  a b  0 a b  61  a 
W P P  4 0 6  a 17 a 5 2  a 4 a b c  4 8  b c  1 .4  b c  2 8  a b c  6 5  a 
W P P  - P E  9 5 8  a 1 7 2  a 2 4 2  a 3 8  c 3 2  a b c  0 . 9  b c  2 0  a b c  61  a 
W P P  - P E  - L C  5 3 8  a 3 4  a 2 1 0  a 2 8  b c  4 8  b c  1.3 b c  2 4  b c  5 6  a 
N o  e t h o p r o p  2 3 9  a 3 6  a 1 1 7  a 9 b c  7 6  c 2 .6  c 5 9  c 5 0  a 

3.3 kg a.i. / ha aldicarb added 
R O T O  + A ( 1 3 . 2 )  3 8 1 a  1 1 a  2 0 a b  0 a  0 a  0 . 0 a  0 a  6 5 a  
R O T O  + A (6 .6 )  3 9 8  a 4 6  a 6 a 0 a 17 b c  0 .3  b c  2 a 6 8  a 
D I S C  + A 4 9 9  a 91 a 12 a b c  0 a 0 a 0 . 0  a 0 a 5 8  a 
W B P  + A 5 8 1  a 7 4  a 8 a b c  0 a 2 3  b c  0 . 5  b c  9 a 6 5  a 
W P P + A  4 0 6 a  1 7 a  l l 8 b c  6 a  2 8 c  0 . 5 c  6 a  6 1 a  
W P P  - P E  + A 9 5 8  a 1 7 2  a 51  a b c  4 a 3 a b *  < 0 . 1  a b  1 a 6 9  a 
W P P  - P E  - L C  + A 5 3 8  a 3 4  a 1 8 0  c 0 a 16 b c *  0 . 2  b c  3 a 6 5  a 
N o  e t h o p r o p  + A 2 3 9  a 3 6  a 7 0  a b c  7 a 5 a b c  0 .1  b 1 a*  6 8  a 

Data  are  means  o f  four  replications.  With in  the  g r o u p  receiving no a ldicarb  o r  the g r o u p  receiving aldicarb,  means  in the 
same co lumn tha t  a re  fol lowed by the same let ter  were  not  significantly different  (P < 0.05) when thei r  t r ans fo rmed  values 
were  analyzed. 

1" T r e a t m e n t s  descr ibed in Tab le  1. R O T O ,  I15S + WPP,  I30S + WPP,  and  R O T O  + A, I15S + WPP + A, and  I30S 
+ WPP + A were  ini t iated before  plant ing;  o thers  were  init iated af te r  plant ing.  

* Significantly di f ferent  f rom the  like t r ea tmen t  wi thout  aldicarb.  

injected liquid ethoprop treatments (Ex- 
periment 1) were not different (P -< 0.05) 
from those in untreated controls. In con- 
trast, none of the postplant treatments of  
ethoprop appeared to have any effect on 
tuber infection in either experiment. 

Aldicarb reduced the percentage of in- 
fected or culled tubers in several treat- 
ments without ethoprop or where the etho- 
prop application was ineffective (Tables 2, 
3). The  percentage of  tuber infection was 
significantly less in treatments with aldi- 
carb than in the like treatments without 
aldicarb for the WPP + A treatment (P -< 
0.05) in Experiment 1 and the WPP - PE 
+ A and WPP - PE - LC + A treatments 
(P -< 0.01) in Experiment 2. Percentages 
of  culled tubers were less (P -- 0.05) with 
ethoprop and aldicarb in the WPP + A 
and I30S + WPP + A treatments of Ex- 
periment 1 than in those treatments with- 
out aldicarb. Addition of  aldicarb alone in 
Experiment 2 significantly reduced the 

percentage of culled tubers, relative to the 
untreated control. In addition, the main 
effect of aldicarb application averaged over 
all treatments was significant for all infec- 
tion parameters in both experiments. 

Yield: None of the ethoprop treatments 
influenced yield in either experiment (Ta- 
bles 2, 3). Addition of aldicarb increased 
(P -< 0.003) yield in one treatment (WPP 
+ GPP + A), and the main effect of  aldi- 
carb addition was significant (P --< 0.0 I) in 
Experiment 1. Aldicarb had no effect on 
yield in Experiment 2. 

D I S C U S S I O N  

Applications of  ethoprop before plant- 
ing reduced (P < 0.05) the percentage of 
tubers culled by M. hapla in six of  seven 
treatments over both experiments. Sup- 
pression of tuber infection by physical in- 
corporation of granules with rototilling or 
discing was excellent. When rototill-incor- 
porated, a lower application rate (6.6 kg 
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a.i./ha, Experiment 2) was as effective as 
the 13.2 kg a. i . /ha rate in reducing tuber 
infection. This would agree with Smelt et 
al. (12), who determined that rototilling 
was the most suitable method for physical 
incorporation, attaining deep and homo- 
geneous distribution of  granules in one 
pass. Injecting a liquid formulation through 
shanks spaced 15 cm apart was only slightly 
better  than with a shank spacing of 30 cm. 
Although these treatments also included 
postplant granular applications, most of  the 
effect probably was due to the preplant in- 
j ec t ion ,  because postplant  applications 
alone at a higher rate were relatively inef- 
fective. These treatments may have been 
more effective if all 13.2 kg a . i . /ha had 
been injected before planting. 

All postplant applications of  ethoprop 
were ineffective, and none significantly re- 
duced the percentage of  tubers infected, 
the infection index, or  the percentage o f  
culled tubers. Santo et al. (11) also found 
postplant water incorporation of ethoprop 
less effective for suppression ofM. chitwoodi 
than was preplant physical incorporation. 
The  failure of  postplant ethoprop appli- 
cations to control tuber infection may be 
related to application method, because all 
postplant treatments were surface-applied 
and water-incorporated. Downward move- 
ment ofe thoprop applied to loam and sandy 
soils is restricted to a few centimeters, even 
after 35.3 cm rainfall (13), and there is 
little chemical movement  below the depth 
of physical incorporation (12). Similarly, 
Brodie (1) observed that complete control 
ofMeloidogyne spp. extended only 5 cm be- 
low depth of incorporation in pots watered 
daily for 6 weeks. Maximum rate of  etho- 
prop diffusion occurs at saturation (14). 
Surface drying lowered water content sev- 
eral centimeters deep and reversed the di- 
rection of  diffusion. These drying patterns 
exist in many potato production areas and 
may fur ther  restrict the downward move- 
ment  of  ethoprop. This property of etho- 
prop is attractive because it decreases the 
probability that the compound will be 
leached into groundwater,  but it empha- 
sizes the need for physical incorporation 

to obtain effective nematode suppression. 
Addition of  a surfactant (WPP + S) or ap- 
plication of  gypsum (WPP + GBP, WPP 
+ GPP) had no apparent effect on the ef- 
ficacy of  water incorporation of postplant 
application of  ethoprop. Later application 
(WPP - PE) or splitting the application 
over the early part of  the growing season 
(WPP - PE - LC) also did not improve 
performance.  Although the WBP treat- 
ment  was also a water-incorporated surface 
application, it was the only such method 
where all the ethoprop was applied before 
planting. This t reatment  may have per- 
formed better  than other  water-incorpo- 
rated treatments because some physical in- 
co rpora t ion  would also have occu r r ed  
during planting. 

No significant correlation (P - 0.05) was 
obtained between any tuber infection pa- 
rameter  and preplant J2 densities for un- 
treated plots. Increasing the sample size by 
including plots from all ineffective treat- 
ments with the untreated controls also did 
not produce a significant relationship. In 
contrast, midseason J2 densities were sig- 
nificantly correlated (P _< 0.001) with per- 
centage of  tuber infection, with infection 
index, and with percentage of culled tu- 
bers. Because total and live J2 densities were 
highly correlated (P ___ 0.001) with each 
other  at both sample dates, and because 
total and live densities each correlated 
highly with the different infection param- 
eters, the additional effort of  differentiat- 
ing between live and dead nematodes may 
be unnecessary in assessing nematicide 
treatments. Additional study is warranted, 
however. 

These data suggest that midseason J2 
densities may be more predictive of  sub- 
sequent tuber infection than are preplant 
estimates of  J2. Fur ther  description of  J2 
population dynamics may determine the 
optimum time for midseason sampling and 
help growers to make management  deci- 
sions, such as harvesting earlier or  arrang- 
ing to have tubers processed immediately 
after harvest ra ther  than stored (8,10). 

Griffin (3) found that properly timed 
postplant applications of  aldicarb were ef- 
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fec t ive  in  r e d u c i n g  t u b e r  i n f e c t i o n  by  M. 
chitwoodi in  g r o w i n g  seasons  wi th  1 ,684 o r  
f ewer  d e g r e e  days (base t e m p e r a t u r e  o f  5 
C). I n  o u r  s tudy,  a l d i c a r b  a l o n e  r e d u c e d  
cu l l ed  t u b e r s  f r o m  32% to 7% in  Exper i -  
m e n t  1 a n d  f r o m  52% to 1% in  E x p e r i m e n t  
2. H o w e v e r ,  mos t  t r e a t m e n t s  t ha t  physi-  
cally i n c o r p o r a t e d  e t h o p r o p  b e f o r e  p l a n t -  
i ng  were  effect ive,  a n d  a d d i t i o n  o f  a l d i c a r b  
p r o v i d e d  n o  f u r t h e r  b e n e f i t  for  t u b e r  p ro -  
t ec t ion .  T h i s  sugges ts  tha t ,  at  t he  n e m a -  
t o d e  dens i t i e s  in  this  s tudy,  e i t h e r  p r e p l a n t  
phys ica l  i n c o r p o r a t i o n  o f e t h o p r o p  o r  post-  
p l a n t  a p p l i c a t i o n  o f  a l d i c a r b  w o u l d  be  ef- 
fec t ive  in  s u p p r e s s i n g  M. hapla. 
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