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Relationships of Initial Population Densities of Meloidogyne 
incognita and M. hapla to Yield of Tomato ~ 

K. R. BARKER, P. B. SHOEMAKER and L. A. NELSON" 

Abstract: Microplots 80 x 100 cm, infested with varying initial popula t ion  densities (Pi) of 
Meloidogylte incognita or M. hapla, were planted to tomato at two locations. Experiments  were 
conducted in a sandy loam soil at Fletcher, N. C. (ntt)untains) where the ntean temperature  for 
May to September is ca 20.7 C, and in a loamy saml at Clayton, N. C. (coastal plain) where the 
mean temperature  for May to Septemher is ca 24.8 C. In these experimentally infested plots, 
M. incognita and M. hapla caused maximunt  yield losses of 20-30%, at lhe mounta in  site with 
1' t of 0-12,500 eggs and larvae/500 ctn:~ of soil. In the coaslal plain, M. incog~dta suppressed 
yields up  to 85~7c, and M. hapla suppressed yields up to 50% in comparison with the nnn- 
infested control. A part  of the high losses at this site apparent ly  was due to M. incognita pre- 
disposing tomato to the early hlight fungus. In a second experintent,  in which a nematicide was 
used to obtain a range of Pts (with Pt as high as 25,0~)11/50 cnta of soil) at Fletcher, losses 
due to M. incognita were as great as 50%, hut  similar tlensities of M. hapla suppressed yields 
by only 10-25%. Approximate  threshold densities for both species ranged from 500 to 1,000 
larvae and eggs (higher for surviving larvae) for the motnttain site, whereas nutnbers  as low as 
20 larvae/500 ctn:~ of soil of either species caused signiticattt datnage in the coastal plain. Chent- 
ical soil treatments proved useful in obtaining various initial popnlat ion densities; however, 
problents were encountered in tneasuring effective inocuhun after snch treatmenls, especially in 
the heavier soil. Key Word.s: root-knot nematode, populat ion dynamics, ctmtrol. 

Several experimental  approaches have 
been employed to determine relationships 
between initial nematode populat ion den- 
sities and crop yields. These approaches 
have included: the use of microplots (7, 8), 
the utilization of various nematicides under 
field conditions (11, 14), and the use of 
greenhouse experiments (15). I n a t tempting 
to relate initial numbers of ~Ieloidogyne 
javanica (Treub)  Chitwood and M. hapla 
Chitwood to the growth of tomato under  
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greenhottse conditions, Swarttp and Sharma 
(15) found that rather  high numbers of 
nematodes were needed to suppress growth 
significantly. However, numbers as low as 
100 larvae/400 gm of soil caused some 
stttnting. Considerable progress has been 
made in a t tempting to characterize host 
responses to nematodes and the develop- 
ment of mathematical  models depicting 
these relationships (14). However, addi- 
tional data are needed to relate the effects 
of different nematode densities to yields for 
specific nematode-crop associations at dif- 
ferent locations. Such information is 
prerequisite to development of nematode 
assay and advisory programs (2). 

Tile primary objective of this investiga- 
tion was to determine the relationships of 
different initial densities of Meloidogyne 
incognita (Kofoid g: White) Chitwood and 
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M. hapla, respectively, to total and market-  
able yields of tomato  under  different soil 
and climatic conditions as they occur at 
Clayton, N. C. (coastal plain--elevation of 
100 m) and at Fletcher, N. C. (mountains--  
elevation of 631 m). Secondary objectives of 
this investigation concerned a study of the 
popula t ion  dynamics of these nematode 
species in different environments  and an 
evaluation of the usefulness of nematicides 
in establishing different popula t ion densi- 
ties for de termining quant i ta t ive  nematode- 
plant  relationships. Observations were also 
made on the effects of nematode densities 
on tile predisposit ion of tomato to 
Alternaria solani at each location. A pre- 
l iminary repor t  has been pul)lished (1). 

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

Preparation of inoculum and infestation 
o] microplots: Meloidogyne hapla and M. 
incognita were increased individually on 
tomato, Lycopersicum esculentum Mill. 
'Floradel '  in the greenhouse. Plants were 
grown for 3 mouths  in infested soil consist- 
ing of a l : l  mixture  of loamy sand and a 
silica sand with m a x i m u m  diam of 245 /zm 
in 15-cm-deep fiats. Nutr ients  were pro- 
vided as needed, lnocula for the microplots 
were prepared by chopping the infected 
roots into small fragments and incorporat- 
ing them into the infested soil from the 
fiats used for increasing tile inocula, ln- 
oculum used in the first year was increased 
by inoculat ing six tomato seedlings in these 
fiats with 30 egg masses/plant .  Noninfected 
plants were also grown in the same fashion 
for use in di lut ing tire inoculum and for 
use in the controls. 

Microplots, 80 x 100 cm, were made with 
fiberglass barriers extending 50 cm below 
and 10 cm above the soil surface. At Clay- 
ton, these barriers were installed in an 
Appl ing loamy sand (91% sand, 3.3% clay, 
and 5.7 % silt) with a m i n i m u m  disturbance 
of the soil profile. A backhoe was used at 
Fletcher to excavate areas for barr ier  place- 
ment  in heavy clay soil. After 5-cm layers 
of 1 to 2-cm gravel were placed in the bot- 
toms of each plot at tire latter location, tire 
plots were filled with a sandy loam soil 
(73.2% sand, 6.7% clay, 20.1% silt). Before 
tile nematode inoculum was added, all plots 
were fumigated with methyl  b romide  (1.5- 
2.0 Kg/gm2). Varying amounts  of infested 
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and noninfested soil were incorporated in 
the plots to give the desired range of initial  
densities for a given nematode  species. 

Nematode assay procedures: Soil sam- 
pies for nematode assays were obta ined by 
collecting 10 cores with a 2.5-cm diam soil 
tube inserted to a depth  of 20 cm in each 
plot. Ini t ial  samples were collected ca 1 
week after infestation. Subsequent sampling 
was done month ly  or at midseason and at 
harvest. After composite samples were 
thoroughly mixed, 50 cm 3 of each sample 
were used for larval extractions, and 250- 
500 cm '~ were used for de terminat ion  of 
eggs. Larvae generally were extracted by the 
sugar-flotation-sieving method  (4). Where  
nematodes were extracted within 4 weeks 
after chemical soil treatments,  the Baer- 
mann  funnel was utilized. Numbers  of eggs 
were determined by the procedure recently 
developed by Byrd et al. (3). 

Experimental designs and culture of 
plants: T w o  types of exper iments  were done 
at each location. In  the initial  tests at 
Fletcher, a range of initial densities of 
Meloidogyne incognita (1972, 1975) and  
kapla (1972) were established by adding the 
desired numbers  of eggs and larvae. This  
type of exper iment  was l imited to M. 
incognita at Clayton (1971, 1975). T h e  sec- 
ond type of exper iment  involved the use of 
the nematicide, fensulfothion (Dasanit® 
15-G), which was appl ied at different rates 
to re-establish a range of effective initial  
densities (Pio) of nematodes.  For these ex- 
periments,  the initial numbers  of larvae 
were determined prior  to t rea tment  and 3 
to 4 weeks later. 

In a third type of exper iment  at Clay- 
ton, tomato  was t ransplanted into micro- 
plots in which soybean had been the 
previous crop (1973). Twelve  plots (plus 4 
noninfested control plots) were infested 
with M. hapla and the same n u m b e r  of 
plots with 3I. incognita. No addit ional  
nematodes were added to these plots. 

A randomized,  complete block design 
for each nematode  species was used in all 
experiments.  In  the initial experiments  at 
both locations, four artificially established, 
initial-density ranges of nematodes  were 
used in each case. These  included: four  
plots with no nematodes,  four plots with 
low numbers  of nematodes and eggs (200- 
800/500 cm 3 of soil), four with a modera te  
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TABLE 1. Rainfall and temperature at experi- 
mental  sites. 

Parameter 
Month" 

May June  July August 

Rainfall (Mcan-cm) 
Clayton 8.l 7.9 17.4 11.0 
Fletcher 20.9 14.9 16.4 16.2 

Temperature  (Mean low and high (C) 
Clayton 

Low 12.2 16.3 22.1 18.4 
High 27.0 30.5 31.I 29.4 

Fletcher 
Low 9.0 13.5 16,2 16.2 
High 22.9 26.7 28.4 28.1 

"Data based on 1971 and 1972 for Clayton and 1972 
and 1973 for Fletcher. 

number  of larvae and eggs (1,000-2,200/ 
500 cm ~ of soil), and four with a high num- 
ber of larvae and eggs (4,000-8,000/500 cm ~ 
of soil). For the experiments with the nema- 
ticide, four treatments (rates of chemical) 
plus noninfested (no nematodes) plots 
were used with three replicates/ treatment.  
Four, 5-week-old 'Manapal '  tomato seed- 
lings were transplanted to each plot in mid- 
May to early June.  Standard practices for 
growing trellised tomatoes were followed. 
During periods of low rainfall at Clayton, 
microplots were irrigated minimally with 
ca 1.7 cm of water/week.  Mean monthly  
rainfall and air temperatures for each test 
site are summarized in Table  1. At weekly 
harvests, fruit  was graded on the basis of 
marketable and total yields for each plot. 
Plant growth was rated at mid- and late 
season, and gall indices were recorded at 
the end of the season for most experiments. 

For analysis of variance, yield data were 
grouped according to the four Pi ranges: 
none (0), low (200-800), moderate (1,000- 
2,000), and high (4,000-8,000). Results of 
these analyses were a factor in estimating 
economic threshold ranges. 

Regression analyses also were used to 
relate total and marketable yields (de- 
pendent  variable) to initial numbers of 
nematodes ( independent  variable) in each 
experiment.  For these analyses, the num- 
bers of nematodes were transformed to log, o 
(X + 1). Polynomial models were fitted, 
and the choice of specific degree for each 
situation was based upon tests of signif- 
icance for the various power terms. In most 

cases, the choice was between linear and 
quadratic models. Tests for parallel slopes 
were carried out  for both locations and 
years. Although most experiments were re- 
peated in different years, data for only I 
representative year for each type of test are 
presented herein. 

RESULTS 

Yields in microplots in[ested with vari- 
ous densities: T h e  influence of similar 
initial densities of Meloidogyne spp. on the 
yield of tomato differed greatly at the two 
sites. T h e  lowest experimental ly established 
initial density (Pi) of M, incognita used at 
Clayton (200/500 cm s) caused severe losses 
(Table  2, Fig. l-A, C). At Fletcher, how- 
ever, similar densities of this species caused 
only slight losses in total or marketable 
yields (Table  2, Fig. l-E). A Pl of 1,000 
or more of M. hapla was required to cause 
a significant yield loss at Fletcher. A very 
low P1 (20/500 cm z soil) of this species 
(Fig. l-B), as well as of M. incognita (data 
not included), caused moderate losses 
following soybean at Clayton. T h e  growth 
indices, especially in late midseason, were 
closely related to yields and are not  pre- 
sented herein. 

T h e  relationship of log10 of Pi to total 
or marketable yield was adequately 
described by linear regressions for either 

TABLE 2. Tomato yields as influenced by initial 
inoculum densities (Pj) of Meloidogyne species. 

Total  yield (Kg) h 
Clayton Fletcher 

Pi" (1971) (1972) 
M. incognita M, hapla M. incognita 

None (0) 17.2 18.2 15.6 
Low 

(200-800) 7.0** 17.5 13.5* 
Moderate 

(1,000- 
2,200) 5.2** 14.6" 12.3"* 

High 
(4,0OO- 
8,000) 3.0"* 13.5" 12.4"* 
LSD: 

P = 0.05 1.4 3.0 1.7 
P=0.01 2.0 NS 2.5 

"Range of artificially established eggs and larvae/ 
500 cm3 of soil (specific densities plotted in Fig. 1). 
~Asterisks (* and **) indicate significant difference 
(P=0.05 and 0.01 respectively) as compared to non.  
inf¢~¢d (0) control. 
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FIG. 1. (A-F). Regressions of Meloidogyne spp. to yiehl of tomato in the coastal plain (Clayton--1971- 
1973) and mounta ins  (Fletcher--1972) of North  Carolina. A) Meloidogyne incognita at Clayton (after initial 
infestation). B) Meloidogyne hapla at Clayton (after soybean), C & D) M. incognita for year 1 (plots infested 
with varying Pis) and year 2 (fensulfothion used at varying rates to establish different densities), respec- 
tively at Clayton. E) M. incognita at Fletcher. F) M. hapla at Fletcher (Log X = loga0 Pi + 1). 
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species at Clayton (Fig. 1 A-D). At Fletcher, 
however, the relationship for M. hapIa and 
yield was not described as well by a linear 
relationship but  was characterized by a 
quadrat ic  model (Fig. l-F). T h e  slopes for 
M. incognita at Clayton (--2.60 to --3.95 
log X) were much steeper than those for 
the nematode at Fletcher (--0.67 to 1.22). 

Final nematode populat ion (Pf) differed 
with location (Fig. 2). For tile first experi- 
ments, Pl of M. incognita declined with 
increasing P~ at Clayton, whereas it in- 
creased with increasing P~ at Fletcher, ex- 
cept for the highest P~. T h e  Pr for M. hapla 
likewise increased with increasing P~ at 
Fletcher. Root-knot severity indices were 
highly correlated with nematode numbers 
(Pf) and are not  included herein. 

Use of a nematicide in obtaining a range 
of initial densities: Chemical soil t reatment 
with fensulfothion was more effective in 
establishing a range of nematode densities 
at Clayton than at Fletcher (Table  3). 
Only the highest rate, however, prevented 
build-up at Clayton dur ing the season. At 
Fletcher, nematode populations were not  
appreciably reduced until  midseason, and 
build-up occurred again by fall. 

To ta l  yield in M. incognita-infested 
plots was highly correlated with early- 
season nematode counts ( r=--0 .93"*)  at 
Clayton but  poorly correlated at Fletcher 
(r=--0.57") .  Compared to the noninfested 
plots, a P~o (count 3-4 weeks after treat- 
ment) of 1,200/500 cm 3 of soil resulted 
in a severe yield loss at Clayton, whereas a 
much higher PLo (9,000-18,000) caused only 
a moderate loss at Fletcher. Losses due to 
M. hapla infestations as high as 16,800 

1 0  6 
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/ Moinlenonce 
Line 

104 , , . . . . . .  I , ~ . . . . . .  I." . . . . . . . .  
102 103 104 I05  

(Eqos and Larvae) 

FIG. 2. Relationship of initial populalion densi- 
ties (Pi) to final densities (Pr) of Meloidogyne spp. 
in coastal plain (Clayton) and mountains (Fletcher) 
pf North Carolina. 

larvae/500 cm 3 were slight (<25%), regard- 
less of chemical soil t reatment (Table  3). 

Correlation of early blight development 
with initial nematode densities and yield: 
Since early blight (Alternaria solani) de- 
veloped in some plots about  2 months be- 
fore the final harvest, blight indices and 
numbers of lesions on the top five leaves/ 
plant were recorded. At Clayton (coastal 
plain) in 1971, the numbers of lesions were 
positively correlated with initial numbers 

A 
(Pi) of M. incognita [y = 1.8 + 22.6 (log10 
P~); r = 0.75**]. Tota l  and marketable 
yields were negatively correlated with blight 
development  in this experiment  [with 

A 
marketable yield for example, y = 11.33- 
4.66 (log10 No. lesions); r = --0.88***]. 
T h e  incidence of this disease was more re- 
stricted in subsequent experiments at Clay- 
ton. Only limited early blight developed in 
any experiment  in the mountains, and 
there was no apparent  relationship to nema- 
tode densities. 

DISCUSSION 

T h e  results with artificially infested 
plots and with tile nematicide [ensulfothion 
support  the hypothesis that economic thres- 
hold densities for M. incognita are lower at 
Clayton (coastal plain) than at Fletcher 
(mountains). Striking losses from nematodes 
in tile coastal plain were not paralled by 
losses in the mountains,  as one might ex- 
pect. T h e  major differences in yield at the 
two locations are probably due to climatic 
differences (temperature, rainfall) and soil 
type. T h e  greater incidence of early blight 
at Clayton in some years, compared to the 
incidence of that at Fletcher, apparently 
was partly responsible for a corresponding 
decrease in yield. Results at Fletcher in- 
dicate that M. incognita is more destructive 
than M. hapla on tomato in the mountains. 
Differences in the slopes at the two locations 
(when the controls were included in the 
linear regressions) were partially due to the 
higher threshold densities for both nema- 
tode species at Fletcher. If  the data for the 
noninfected controls were omit ted from the 
regression analyses, tile slopes of all curves/  
nematode species were similar. Experiments 
at Fletcher with greater numbers of in- 
oculum levels and replicates may have given 
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TABLE 3. Relationship of nematicide-altered populations of Meloidogyne spp. to yield of tomato at 
two locations. 

Parameter 
[Location, nema spp. and range 
of fensulfotbion/plot (grams)] 

I,arval densities/500 cm:~ Total 
of soil (in 1,000's)" yield 

l'l~ l'n~ Pr (Kg/plot) 

Clayton, N. C.(coastal plain--1972) 
Meloidogyne incognita 

None 9.0 91.0 5.0 
Low (0.8-1.5) 4.0 42.5 9.9 
Moderate (3.0-5.0) 3.1 3.3 23.8 
High (10-15) 1.2 2.1 1.1 
Noninfested plots 0 0 0 

LSD: P=0.05 2.5 41.1 NS 
P = 0.01 3.8 62.3 

r(total yield vs. P) = - -  0.93*** - -  0.95*** - -  0.53* 

Fletcher, N. C. (mountains--1973) 

2.9 
4.8 
6.9 
9.4 

20.8 
2.5 
3.7 

Meloidogyne incogmita 
None 18.2 134.4 41.6 8A 
Low (0.8-1.5) 20.3 14.5 61.4 12.5 
Moderate (3.0-5.0) b 9.0 9.4 33.8 16.0 
High (10-15) 18.6 10.0 38.7 15.2 
Noninfested plots 0 0 0 16.7 

LSD: P = 0.05 NS NS NS 5.2 
r(total yield vs. P) = - -  0.57* - -  0.65** NS 

Meloidogyne hapla 
None 16.8 21.7 21.6 13.1 
Low 16.4 9.5 26.9 15.0 
Moderate 12.7 1.7 7.9 14.6 
High 13.0 3.4 16.5 15.2 
Noninfested plots 0 0 0 17.1 

LSD: P =  0.05 NS NS NS NS 
r(total yield vs. P) = - -  0.59* - -  0.56* - -  0.63** 

aPie = estimated effective initial density, 3-4 weeks after treatment (number larvae recovered by Baermann 
funnel); Pm = midseason density; Pf = final density. Asterisks (*, **, and ***) indicate significant corre- 
lation between y'eld and nematode density (P=0 0~, 0.01, and O.001, respectively). 
bMean initial density for plots receiving this treatment was lower than other M. incognita-infested plots 
at Fletcher. 

s i g m o i d  cu rves  for  Pi  vs. y i e ld  as d e s c r i b e d  
by  S e i n h o r s t  (12, 13). 

T h r e s h o l d  d e n s i t i e s  o r  r e g r e s s i o n  e q u a -  
t ions  o b t a i n e d  in  o n e  g e o g r a p h i c  l o c a t i o n  
a re  n o t  t r a n s f e r a b l e  to a n o t h e r  g e o g r a p h i c  
s i t u a t i o n .  V a r i a t i o n  in  resu l t s  f r o m  yea r  to  
yea r  a lso  inc reases  t he  d i f f icul t ies  in  p r e d i c t -  
i n g  effects o f  n e m a t o d e s  o n  y ie ld .  A n o t h e r  
p r o b l e m  e n c o u n t e r e d  in  d e s c r i b i n g  p l a n t  
r e sponses  to n e m a t o d e s  i n v o l v e d  the  t rans-  
f o r m a t i o n  of  n e m a t o d e  p o p u l a t i o n  da ta .  As 
i n d i c a t e d  by W a l l a c e  (16), t h e  s a m e  p o p u -  
l a t i o n  d a t a  p l o t t e d  o n  a l o g a r i t h m i c  scale  
a n d  an  a r i t h m e t i c  scale g i v e  v e r y  d i f f e r e n t  
curves .  Ana lyses  o f  n o n t r a n s f o r m e d  d a t a  
gave  h i g h l y  s i gn i f i c an t  q u a d r a t i c  as w e l l  as 
l i n e a r  regress ions .  S ince  e s t i m a t e s  o f  thres-  
h o l d  d e n s i t i e s  m a y  be  i n f l u e n c e d  by  t h e  t y p e  
of  t r a n s f o r m a t i o n  a n d  p l o t t i n g  e m p l o y e d ,  

r e su l t s  o f  ana lys i s  o f  v a r i a n c e  s h o u l d  a lso  be  
u t i l i z e d  i n  t i le  d e v e l o p m e n t  o f  these  con-  
s tants .  

T i l e  use  o f  n e m a t i c i d e s  i n  e s t a b l i s h i n g  
v a r i o u s  p o p u l a t i o n  d e n s i t i e s  g a v e  u se fu l  re- 
sul ts  in  s o m e  cases, b u t  th is  a p p r o a c h  a lso  
has  l i m i t a t i o n s .  D u r i n g  t h e  s e c o n d  yea r  a t  
C l a y t o n  w h e n  f e n s u l f o t h i o n  was  used  a t  
v a r y i n g  ra tes ,  M. incognita was a l m o s t  
e r a d i c a t e d  in  p lo t s  r e c e i v i n g  t h e  h i g h e s t  
rates.  T h i s  r e s p o n s e  g a v e  v e r y  h i g h  co r re l a -  
t ions  b e t w e e n  s u r v i v i n g  l a r v a e  a n d  c r o p  
yields ,  b u t  t h e  n e m a t o d e  p o p u l a t i o n  dy- 
n a m i c s  w e r e  a b n o r m a l .  A l t h o u g h  we  en-  
c o u n t e r e d  c o n s i d e r a b l e  n u m b e r s  of  n e m a -  
todes  in  t i le  e a r l y  season  a f t e r  f e n s u l f o t h i o n  
was used,  by  t i le  e n d  of  t he  season  t h e r e  
w e r e  ve ry  few n e m a t o d e s  i n  p lo t s  w h i c h  
r e c e i v e d  t h e  h i g h  ra tes .  S u c h  r e sponses  a l t e r  
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the  usua l  r e l a t i o n s h i p  be tween  the  measura -  
ble ,  i n i t i a l  p o p u l a t i o n  n u m b e r s  of  nema-  
todes a n d  the f inal  p o p u l a t i o n ,  i.e. the  re- 
p r o d u c t i v e  ra te  (6, 9). C e r t a i n  n o n f u m i g a n t  
n e m a t i c i d e s  have  been  shown to a l t e r  nema-  
tode  b e h a v i o r  w i t h o u t  i n d u c i n g  d e a t h  (6). 
F e n s u l f o t h i o n  a p p l i e d  in  the  m o u n t a i n s  on  
M. incognita a n d  M. hapla fa i led  to give 
ear ly-season k i l l  of e i the r  n e m a t o d e  species,  
p e r hap s  because  of  the  effect of soil  type  on  
efficacy of this  chemica l .  T h e  r e d u c e d  nema-  
tode  act ivi ty ,  however ,  r e su l t ed  in  con- 
s ide rab le  y ie ld  increase  in  p lo ts  in fes ted  
w i th  M. incognita. T h u s ,  the  very d i f fe ren t  
responses  of  M. incognita, as wel l  as c rop  
responses  at  the  two loca t ions  to  the  same 
nema t i c ide ,  i nd i ca t e  tha t  p r e d i c t i o n  of  ex- 
pec ted  r e t u r n s  as sugges ted  by  Se inhors t  
(14) c a n n o t  be  d o n e  w i t h o u t  cons ide r ing  ef- 
fects of  soil  type,  t e m p e r a t u r e ,  a n d  r a i n f a l l  
wh ich  m a y  vary  w i th  loca t ion .  

T h e  i n f o r m a t i o n  o b t a i n e d  in  these stud- 
ies shou ld  prove  use[ul  in  e v a l u a t i n g  the  
effects of  va ry ing  n u m b e r s  of  n e m a t o d e s  o n  
expec ted  yields  of  t o m a t o  a t  two d i s t i nc t  
g e o g r a p h i c  loca t ions  in  N o r t h  Ca ro l ina .  I n  
the  coas ta l  p l a i n  (sandy soils a n d  w a r m  
cl imates) ,  a lmos t  any  n u m b e r  of  r oo t -kno t  
nema todes  w o u l d  w a r r a n t  the  use of  a 
n e m a t o d e - r e s i s t a n t  va r i e ty  a n d / o r  a chem- 
ical  soil  t r e a t m e n t  for th is  c rop .  Howeve r ,  
in  the  m o u n t a i n s  ( sandy l o a m  soil  a n d  
r e l a t ive ly  cool  c l imate) ,  the  use of  a chem- 
ical  soil  t r e a t m e n t  w o u l d  be  jus t i f i ed  w i t h  
on ly  m o d e r a t e  to h igh  n u m b e r s  (>500-  
1,000/500 cm 3 of  soil) unless  o t h e r  in te rac t -  
i ng  roo t  pa thogens  are  present .  T h e  popu-  
l a t i o n  ( and  t h r e s h o l d  dens i t ies )  es t imates  
for b o t h  species in  soil  t ha t  h a d  p rev ious ly  
s u p p o r t e d  soybean  at  C l a y t o n  were  p rob-  
ab ly  low because  of the  lack  of  a sa t i s fac tory  
m e t h o d  for r ecove r ing  " f ree"  eggs in  the  
soil .  W i t h  e x p e r i m e n t s  wh ich  invo lve  
m e t h y l  b r o m i d e - t r e a t e d  soil ,  the  low num-  
bers  of  n e m a t o d e s  m a y  have  caused less 
d a m a g e  t h a n  no rma l ,  poss ib ly  because  of  
the  absence  of  m a n y  fungi  a n d  bac t e r i a  tha t  
o f t en  occur  in  field s i tua t ions .  Powel l  (10) 
has f o u n d  that ,  on  tobacco,  these n e m a t o d e s  
of ten  p red i spose  the  roots  to a t t a ck  by  a 
n u m b e r  of  p a t h o g e n i c  fungi  as well  as by  
n o r m a l l y  s a p r o p h y t i c  fungi .  

More  ex tens ive  s tudies  of  i n t e r ac t i ons  of  
v a r y in g  dens i t ies  of  n e m a t o d e s  w i th  ce r t a in  
fo l iage  a n d  roo t  p a t h o g e n s  are  n e e d e d  to 

give a b e t t e r  u n d e r s t a n d i n g  of  the  d i r ec t  
a n d  i n d i r e c t  roles  of  each  o r g a n i s m  in  the  
d e v e l o p m e n t  of  disease  u n d e r  field condi -  
t ions.  A l t h o u g h  the  resul ts  for t i le first 2-4 
years a t  a g iven  si te were  q u i t e  c o m p a r a b l e ,  
the  d a m a g e  caused  by  n e m a t o d e s  m a y  vary  
f rom year  to year.  U n d e r  idea l  g r o w i n g  con- 
d i t ions ,  n e m a t o d e s  m a y  cause on ly  mod-  
e ra te  d a m a g e ,  whereas  u n d e r  pe r iods  of 
d r o u g h t  or  o t h e r  stress factors,  t hey  m a y  
cause c o n s i d e r a b l y  m o r e  d a m a g e  (16). 
T h e r e f o r e ,  these d a t a  can be  used  on ly  as 
gene ra l  gu ide l ines  a n d  c a n n o t  be  d e p e n d e d  
n p o n  to offer prec ise  p r e d i c t i o n s  of  c rop  
losses on  the  basis of  i n i t i a l  in fes ta t ions .  
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Relative Susceptibility of Selected Cultivars of 
Potato to Pratylenchus penetrans ~ 

E. C. BERNARD" and C. W. LAUGHLIN 3 

Abstract: Pratylenchus penetrans suppressed the tuber  yields of potato cultivars 'Katahdin ' ,  
'Kennebec' ,  and 'Superior' ,  bu t  did not affect yields of 'Russet  Burbank' .  In  comparison with 
noninfested controls, all initial nematode densities (Pi) of P. penetrans (Pi = 38, 81, 164, 211/ 
100 cmZ of soil) suppressed yields of Superior; a moderate Pi (81/100 cm.~ soil) suppressed yields 
of Kennebec; and on Katahdin, a moderate Pi enhanced yields, bu t  higher  Pi 's  caused a marked 
loss. In general, yields were related to the tolerance of the cultivars to nematode colonization. 
Highest  nematode tlensities were fottrtd in the roots of Russet Burbank; the next highest, in 
succeeding order, were found in roots of Kennebec, Katahdin,  and Superior. Symptoms of nema- 
tode invasion were confined to losses of tuber  yield and root weight. Key Words: root-lesion 
nematode, Solanum tuberosum, tolerance. 

The  root-lesion nematode Pratylenchus 
penetrans (Cobb) Filip. and Schuur.-Stekh. 
is a damaging parasite of potato (Solanum 
tuberosum L.). Dickerson et al. (3) showed 
that this nematode was pathogenic to po- 
tato and suppressed yields. Hastings and 
Bosher (5) reported an average growth in- 
hibi t ion of 59.6% for potato seedlings in- 
fected with this pest. Oostenbrink demon- 
strated that P. penetrans caused losses in 
tuber yields of 20-50% (12) and in total 
plant  weight of 50% (13). 

T h e  initial popula t ion density (Pl) of a 
plant-parasitic nematode generally is a use- 
ful parameter  for estimating yield losses. 
Oostenbrink (14) demonstrated a negative 

Received for publication 25 August 1975. 
Michigan Agricultural Experiment Station Journal Article 
No. 7562. Portion of an M.S. thesis submitted to Michigan 
State University by the senior author. Research supported 
in part by the Michigan Potato Industry Commission. 

:Former graduate assistant, Department of Entomology, 
Michigan State University, East Lansing 48824. Current 
address: Department of Plant Pathology and Plant Ge- 
netics, University of Georgia, Athens 30602. 

~Associate Professor of Nematology, Department of Ento- 
mologT, Michigan State University, East Lansing 48824. 
We would like to thank John F. Davenport for his aid 
throughout the course of this study. 

l inear regression between Pt of P. penetrans 
and yield of potato tubers. Oltho[  et al. (9) 
and Oltho[ and Pot ter  (11) showed that 
initial densities of P. penetrans were re- 
lated to yield losses in potato and other  
crops. Only a single cultivar was used in 
each of these studies. 

T h e  objective of our  study was to de- 
termine the effects of Pi of P. penetrans on 
yields of selected potato cultivars. 

MA TERIA LS  AND M E T H O D S  

Microplots similar to those described by 
Olthof  and Potter  (10) were used to in- 
vestigate the effects of different initial popu- 
lation densities (P~) of P. penetrans on the 
growth and yield of four potato cultivars. 
Cylindrical clay drainage tiles 20 x 30 cna 
were covered at one end with 1.19-mm mesh 
nylon screen and placed screen-down in a 
25-cm deep hole, Microplot  sites were cen- 
tered at 0.9-m intervals. Nematode-infested 
soil containing 0, 38, 81, 164, or 211 P. 
penetrans/lO0 cm s of soil was prepared by 
mixing steam-sterilized, sandy clay loam 
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