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Competition between the Plant-parasitic Nematodes 
Pratylenchus neglectus and Meloidogyne chitwoodi 

KODIRA C. UMESH, HOWARD FERRIS, 1 AND DAVID E.  BAYER 2 

Abstract: In experiments on competition between Pratylenchus neglectus and Meloidogyne chitwoodi in 
barley, the species that  parasitized the roots first inhibited penetration by the latter species. Prior 
presence of P. neglectus impeded the development of M. chitzooodi. Pratylenchus neglectus reduced egg 
production, final population levels, and reproductive index of M. chitwoodi. The reduction was 
linearly related to initial population densities of P. neglectus. Initial population densities of  M. chit- 
woodi had no effect on final population levels ofP.  neglectus. Carbon assimilation by barley plants was 
reduced when either nematode species was present alone, but not when both were present together. 
Both nematode species assimilated lower amounts of carbon when present together than when 
present  alone. A split-root experiment  demonstrated that translocatable chemicals were not involved 
in the competition between the two species. 

Key words: competition, interaction, lesion nematode, Meloidogyne chig~woodi, nematode, Pratylenchus 
neglectus, root-knot nematode. 

Interspecific competition is common be- 
tween plant-parasitic nematodes (7). For 
example, root penetration and final pop- 
ulat ion levels of  Pratylenchus neglectus 
( R e n s c h )  F i l ip jev  a n d  S c h u u r m a n s  
S t e k h o v e n  and  Meloidogyne chitwoodi 
Golden, O'Bannon, Santo, and Finley were 
lower when both species were present to- 
gether than when either was present alone 
(23). 

Three  of the six categories of competi- 
tion proposed by Schoener (19), preemp- 
tive competition, chemical competition, 
and consumptive competition, are useful 
for summarizing competitive interactions 
among plant-parasitic nematodes.  Pre- 
emptive competition occurs when a unit of  
space is occupied by one species, thereby 
preventing another species from entering 
that space. Nematode species may inhibit 
other  nematode species through competi- 
tion for feeding sites (5,6). Chemical com- 
petition occurs when a species produces a 
toxin or allelochemical that suppresses an- 
other species. For example, a nematode- 
induced change in host physiology may 
render  the host unsuitable for a competing 
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species (8,9,13,15). Consumptive competi- 
tion occurs when some essential resource, 
usually food, is consumed by one species, 
reducing or depleting the quantity avail- 
able to the competing species. Inhibition of 
root growth and disruption of  root tissues 
in a host plant may be indications of con- 
sumptive competition (20,21). However, 
these categories are not mutually exclu- 
sive. 

The objectives of  this study were to de- 
termine the nature of competition between 
P. neglectus and M. chitwoodi, the effect of  
competition on fecundity of  M. chitwoodi, 
and the extent to which the effects are 
density dependent. 

MATERIALS AND METHODS 

Soil from potato fields near Tulelake, 
northern California, (sand 48%, silt 37%, 
clay 15%, organic matter 11.5%, pH 7.2, 
cation exchange capacity 41.5 c mol Kg-1 
and electrical conductivity 2.71 dS m- l ) ,  
or white silica sand (Corona Industrial 
Sand Co., Corona, CA), were autoclaved 
and aerated for 1 week before use. Cul- 
tures of P. neglectus and M. chitwoodi were 
maintained in the greenhouse on barley 
and tomato, respectively. Inoculum of P. 
neglectus was obtained by placing infected 
roots in a mist chamber, and inoculum of 
M. chitwoodi was obtained by shaking in- 
fected roots in 0.05% NaOC1 for 4 minutes 
and allowing the eggs to hatch in a mist 
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chamber (12,13). All experiments were 
conducted at least twice. Except as indi- 
cated, data from the different trials were 
pooled and subjected to statistical analyses 
by blocking for trial effects. 

Preemptive competition: Barley seedlings 
were established in 150-cm ~ plastic cups 
containing white silica sand and placed in a 
constant-temperature water bath at 20 + 2 
C. About 800 each ofP.  neglectus mixed life 
stages or M. chitwoodi second-stage juve- 
niles (]2) were added to each cup in differ- 
ent t reatment  combinations. The  treat- 
ments were P. neglectus, M. chitwoodi, P. 
neglectus + M. chitwoodi added simulta- 
neously, P. neglectus added 5 days before 
M. chitwoodi, and M. chitwoodi added 5 days 
before P. neglectus. The first inoculations 
were made when seedlings were 10 days 
old. The treatments were replicated eight 
times in a completely randomized design. 
The plants were watered lightly after add- 
ing the nematodes and fertilized twice 
weekly with half-strength Hoaglands nu- 
trient solution. Deionized water was added 
on other days. Seven days after the second 
inoculation, roots were stained with acid 
fuchsin (4) and the number of each nema- 
tode species in the roots was determined 
with a dissecting microscope. 

The trial was repeated in a similar man- 
ner, except that seedlings were 12 days old 
at the first inoculation. For the treatments 
receiving either nematode species earlier 
than the other, ca. 900 P. neglectus or 750 
M. chitwoodi were added per cup. Seven 
days later ca. 800 P. neglectus or 350 M. 
chitwoodi were added to each cup. Treat- 
ments were replicated five times in a com- 
pletely randomized design. Data from the 
two trials were pooled and were subjected 
to analysis of variance and Duncan's mul- 
tiple-range test. 

In a third trial, the treatment schedule 
was the same as for the first trial, but in- 
oculum levels were 1,200 P. neglectus or 
800 M. chitwoodi. Twenty replicate plants 
of each treatment were maintained in a 
growth chamber at 20 C. Five plants were 
destructively sampled 7, 14, 21, and 30 
days after adding the nematodes.  The  

roots were stained with acid fuchsin, and 
the numbers of  M. chitwoodi and their de- 
velopmental stages were determined. Data 
on the number of different stages of M. 
chitwoodi at each sampling time were ana- 
lyzed by a nonparametric one-way proce- 
dure and Kruskall-Wallis test. Differences 
among the developmental stages of each 
nematode in roots were tested by a pair- 
wise Mann-Whitney test (18). 

Chemical competition: The root systems of  
10-day-old barley seedlings were separated 
into halves. Each half of the root system 
was placed in one of two adjacent square 
plastic pots (150 cm 3) containing Tulelake 
soil. One week later nematodes  were 
added to each pot. Each half root system 
received 5 ml of suspension containing ei- 
ther ca. 1,700 P. neglectus (Pn), 800 M. chit- 
woodi (Mc), or tap water without nema- 
todes (uninoculated control, UC). Nema- 
tode treatment combinations for each half 
root  system were as follows: UCIUC, 
PnlUC, MclUC, PnlMc, PnlPn, and Mc[Mc. 
The nematodes were pipetted into four 
holes 4 cm deep in the soil and the holes 
were covered with soil. Each pot was wa- 
tered lightly. The treatments were repli- 
cated seven times and were completely 
randomized. The plants were placed in a 
growth chamber at 22 - 1 C, with alter- 
nating cycles of 12 hours light and dark- 
ness. The plants received only deionized 
water to avoid potential interference by 
nut r ient  solutions. Nematodes in each 
treatment were extracted 72 days after in- 
oculation by soil elutriation and centrifu- 
gal flotation (3), and root extraction by 
misting for 7 days (22). Nematodes were 
counted with a dissecting microscope. 
Weights of fresh root and shoot also were 
recorded. The nematode numbers were 
log transformed, and the data were sub- 
jected to analysis of variance and Duncan's 
multiple-range test. Data on the numbers 
of  M. chitwoodi were analyzed separately 
for each trial because of a significant treat- 
ment by trial interaction. 

Consumptive competition: Barley seedlings 
were established in 150-cm 3 polystyrene 
cups with white silica sand. Ten-day-old 
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seedlings were inoculated with 5 ml sus- 
pension of either ca. 1,500 P. neglectus, 850 
M. chitwoodi, both nematodes, or uninocu- 
lated. The treatments were replicated six 
times. Thirty days later, plants were en- 
closed in plastic bags (each bag contained 
one plant from each of the four treat- 
ments) and placed in a chemical fume 
hood with a cool ray floodlight giving a 
photon flux density of ca. 1,600 Ixmol m -2 
s-2. A supply of  14C02 was liberated by 
treating aqueous 14C sodium bicarbonate 
(1 mCi/ml) with an excess of lactic acid. An 
aliquot (80 ~Ci 14CO2/bag) was then in- 
jected into each plastic bag. The plants 
were exposed to 14C02 and alternating pe- 
riods of 12 hours light and 12 hours dark- 
ness for 4 days. They were then harvested 
and roots were separated into halves. One 
half of  each root system and the entire 
shoot were dried in an oven and used for 
determining 14Q activity. A known quan- 
tity of  the root and shoot from each treat- 
ment was combusted in a Packard model 
306 tri-carb sample oxydizer, and the 14C- 
assimilate in the samples was quantified by 
l iquid scinti l lat ion spec t romet ry  (24). 
Nematodes were extracted from the other 
half of each root system. Ten swollen fe- 
males of  M. chitwoodi were hand-picked 
and placed in a scintillation vial. Pratylen- 
chus neglectus was extracted by placing the 
roots in a cheesecloth bag and suspending 
the bag in a 50-ml beaker with water for 16 
hours. The numbers of P. neglectus in each 
replicate were counted, and the suspen- 
sion was concentrated to 0.5 ml and then 
transferred to scintillation vials. About 10 
ml of  toluene-based scintillation fluid was 
added to the vials, and the 14C activity was 
determined by liquid scintillation spec- 
trometry assuming counting efficiencies 
were the same as for 14C from plant tissue. 

Roots from four other plants with simi- 
lar nematode treatments, but not exposed 
tO 14C2, were stained with acid fuchsin and 
the total numbers of  adult M. chitwoodi in 
the roots determined with a dissecting mi- 
croscope. The number of P. neglectus re- 
covered after 16 hours was considered 
equivalent to the total number in the roots. 

The experiment was conducted twice. In 
the second trial, four replications were 
maintained, and a higher concentration of 
14C (200 ~Ci/bag) was injected into the 
bags. Data on the radioactivity (14C disin- 
tegrations per minute) in the nematodes 
were compared by t-tests, and data on the 
radioactivity in each plant root and shoot 
were subjected to analysis of  variance and 
Duncan's multiple-range test. Data from 
the two trials were analyzed separately be- 
cause of the varying t4C concentrations 
used. Results from both trials were similar; 
data from the first trial were less variable 
and are presented. 

Fecundity of M. chitwoodi: Barley seed- 
lings were grown in 150 cm s polystyrene 
cups containing white silica sand. Five ml 
of nematode suspension containing ca. 250 
M. chitwoodi or ca. 900 P. neglectus were 
added per cup when the seedlings were 10 
days old. The treatments, which were rep- 
licated five times, were M. chitwoodi alone 
or M. chitwoodi plus P. neglectus. The plants 
were watered lightly after  adding the 
nematodes. Half-strength Hoaglands nu- 
trient solution was added to the cups every 
other day, alternating with deionized wa- 
ter. The sand was washed from the roots 
45 days later, and the roots were dipped in 
0.01% erioglaucine solution for 15 min- 
utes to stain the egg-masses (16). Five egg- 
masses of similar size were removed from 
each replicate root system and placed in a 
count ing dish. About 3-5 ml of  0.1% 
NaOC1 was added to dissolve the gelati- 
nous matrix surrounding the eggs, and the 
number of  eggs per egg-mass was counted. 
The experiment was repeated with ca. 300 
M. chitwoodi and 900 P. neglectus/cup, and 
the number of eggs per egg mass was de- 
termined 40 days after inoculating the 
plants. Data were subjected to analysis of 
variance. 

Initial nematode density: Barley seedlings 
were established in 1,000-cm 3 polystyrene 
cups containing sterilized Tulelake soil. 
Two seedlings were maintained per cup, 
and nematodes were added 12 days after 
germination. Treatments included all pos- 
sible combinations of  five densities (0, 400, 
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800, 1,200, and 2,400) of  P. neglectus and 
M. chitwoodi. The 25 treatments were rep- 
licated 10 times and arranged randomly 
on a greenhouse bench at 20 C. Five rep- 
licates of  all treatments were sampled 45 
days after inoculation, and the remaining 
treatments were sampled 87 days after in- 
oculation. Nematode numbers and fresh 
root and shoot weight of  the plants were 
recorded. Nematodes were extracted from 
soil by elutriation and centrifugal flotation 
and from roots by incubation in a mist 
chamber for 7 days; they were counted 
with a dissecting microscope. The repro- 
ductive index was calculated as the ratio of  
final population and initial population (Pf/ 
Pi). Multiple linear regression models were 
fitted to the means of  the final populations 
(Pf) versus initial densities (Pi) of  the two 
nematodes. 

The experiment was repeated with all 
combinations of  three levels (400, 800, 
2,400) of  initial population density for M. 
chitwoodi and five levels for P. neglectus. 
The treatments were replicated five times. 
T he  final popula t ion  densities of  the 
n e m a t o d e s  and  p lant  roo t  and shoot  
weights were recorded 70 days after inoc- 
ulation. Due to differences in treatment 
levels between the two trials, data were not 
pooled for analysis. However, results in 
both trials were similar, and data from the 
first trial are presented. 

RESULTS 

Preemptive competition: When M. chitwoodi 
was added to roots 5 days before P. neglec- 
tus, the numbers a lP .  neglectus penetrating 
the root was slightly (P ~< 0.05) reduced 
(Fig. 1A). Similarly, the prior presence of  
P. neglectus inhibited root penetration by 
M. chitwoodi (Fig. 1B). Development of  M. 
chitwoodi was hindered by P. neglectus (Ta- 
ble 1). On day 21, there were more mature 
M. chitwoodi when present alone than in 
either of  the treatments with P. neglectus. 
There  was no difference in development 
of  M. chitwoodi between the two treatments 
with P. neglectus (Table 1). Addition of  P. 
neglectus simultaneously with M. chitwoodi 
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FIG. 1. Effects of simultaneous inoculation o f  Pra- 
tylenchus neglectus and Meloidogyne chitwoodi and 5 days 
prior inoculation of  one species on root penetrat ion 
of the other in greenhouse experiments at 20 C. A) 
numbers  ofPratylenchus neglectus in roots and B) num- 
bers of  Meloidogyne chitwoodi in roots. The  treatments 
are indicated as follows: Pn = P. neglectus alone, Pn + 
Mc = P. neglectus + M. chitwoodi inoculated simulta- 
neously, Mc(+Pn)  = M. chitwoodi inoculated 5 days 
before P. neglectus, Mc = M. chitwoodi alone, Mc + Pn 
= M. chitwoodi + P. neglectus inoculated simulta- 
neously, and Pn(+  Mc) = P. neglectus inoculated 5 
days before M. chitwoodi. The  values are means of 13 
replicates. Bars with same letters do not differ signif- 
icantly (P ~< 0.05) according to Duncan's multiple- 
range test. 

did not delay the development of  M. chit- 
woodi at 30 days, but addition o fP .  neglectus 
5 days before M. chitwoodi delayed (P ~< 
0.05) the development ofM. chitwoodi com- 
pared to the other two treatments (Table 1). 

Chemical competition: Population levels of  
either P. neglectus or M. chitwoodi on one 
half of  the root system were not influenced 
by the presence or absence of  the other 
species on the opposite half of  the root sys- 
tem (Fig. 2A,B). Fresh weights of  uninoc- 
ulated control (UCJUC) split root systems 
did not differ from those inoculated with 
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TABL~ 1. E f f e c t  o f  Pratylenchus neglectus o n  r o o t  p e n e t r a t i o n  a n d  d e v e l o p m e n t  o f  Meloidogyne chitwoodi 
w h e n  a d d e d  s i m u l t a n e o u s l y  to ,  o r  f ive  d a y s  b e f o r e ,  M .  chitwoodi. 

Pairwise 
Development  stage comparisons:~ 

Day Trea tmentT J2 J3  J4  Adul t  A B C 

7 M c  2 6 7 §  5 - -  - -  N S  N S  N S  
M c  + P n  2 5 7  4 - -  - -  
P n (  + Mc)  2 1 6  4 - -  - -  

14 M c  5 0  160  - -  - -  N S  N S  N S  
M c  + P n  51 150  - -  - -  
P n ( +  Mc) 4 4  137 - -  - -  

21 M c  5 6 4  103  8 S S N S  
M c  + P n  7 6 6  9 4  5 
P n (  + Mc) 7 6 5  8 8  3 

3 0  M c  - -  2 4  71 8 2  N S  S S 
M c  + P n  - -  2 5  6 4  81 
P n (  + Mc)  - -  3 0  5 9  7 0  

l" Mc = M. chitwoodi alone, Mc + Pn = M. chitwoodi and  P. neglectus a d d e d  simultaneously, a n d  Pn (+  Mc) = P. neglectus 
a d d e d  5 days before  M. chitwoodi. 

Pairwise compar isons  for  differences in age s t ructure  between the treatments.  A = Mc versus Mc + Pn; B = Mc versus 
Pn( + Mc); C = Mc + Pn versus P n ( +  Mc). NS = no t  significantly different ,  a n d  S = significantly di f ferent  (P ~< 0.05) at each 
sampl ing  time, accord ing  to pairwise Mann-Whi tney  test. 

§ Values are means  o f  five replications. 

P. neglectus or M. chitwoodi in one half  
(UC{Pn or UCIMc). Plants with P. neglectus 
and M. chitwoodi in opposite halves of the 
root system (PnlMc), or with P. neglectus in 
both halves (Pn{Pn), had lower (P ~< 0.05) 
root weights than the uninoculated con- 
trol. Fresh shoot weights of plants with P. 
neglectus on both halves of the root system 
were lower (P ~< 0.05) than the uninocu- 
lated control plants or plants with either 
species in one half  of  the root system. 
Shoot weights of  plants with P. neglectus or 
M. chitwoodi on both halves of the roo t sys- 
tem did not differ from each other. 

Consumptive competition: The quantity of  
14C per individual P. neglectus or M. chit- 
woodi did not differ between single and 
combined species treatments (Fig. 3A,B). 
The amount of  14C in the total numbers of 
P. neglectus was lower (P ~ 0.05) when M. 
chitwoodi was present (Fig. 3C). The quan- 
tity of  14C in M. chitwoodi had a lower mean 
but was not significantly reduced when P. 
neglectus was present (Fig. 3D). 

Since the quantity of  14C in nematodes is 
influenced by the quantity of xac in plants, 
the 14C in nematodes as a proportion of  
that in the plant was considered. The ra- 
tios of  14C-activity in P. neglectus or M. chit- 

woodi to the total radioactivity in the roots 
were not significantly lower when both the 
species were together than when they were 
present alone (Fig. 4A,B). However, the 
ratios of  14C-activity in P. neglectus or M. 
chitwoodi to that in the whole plant were 
different (P ~< 0.05) between single species 
and two species treatments (Fig. 4C,D). 

The amount  of  14C assimilates in the 
roots was higher (P ~< 0.05) in the nema- 
tode-free control plants than in the plants 
inoculated with nematodes (Fig. 5A). The 
p lan t s  wi th  n e m a t o d e s  h a d  s imi la r  
amounts of 14C in the roots. The quantity 
of  14C in the shoots was similar in all the 
treatments (Fig. 5B). The plants inocu- 
lated with either species alone had lower (P 
~< 0.05) amounts of laC assimilates than 
did the nematode- f ree  control  plants, 
whereas 14C assimilates in plants inocu- 
lated with both species did not differ from 
the nematode-free controls (Fig. 5C). 

The amount  of  14C in the roots was 
probably in f luenced  by the dry  root  
weights. The plants inoculated with nema- 
todes had lower (P ~< 0.05) dry  root  
weights than the uninoculated control 
(Fig. 6A). The dry root weights did not 
differ among the nematode treatments. 
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FIG. 2. Effects of nematode-induced translocat- 
able factors on the population levels of each species in 
a split-root experiment. A) Total numbers of Praty- 
lenchus neglectus and B) total numbers of Meloidogyne 
chitwoodi, 72 days after inoculating the plants. The 
treatments for either half of a root system are indi- 
cated as follows: PnIUC = P. neglectus on one half and 
no nematodes on the opposite half, PnlMc = P. ne- 
glectus and M. chitwoodi on opposite halves, PnlPn = 
P. neglectus on both halves, and MclMc = M. chitwoodi 
on both halves. The values for numbers ofP. neglectus 
are means of 13 replicates pooled from two trials, and 
the values for numbers of M. chitwoodi are means of 
seven replicates from the first trial. Bars with same 
letters do not differ significantly (P ~< 0.05) according 
to Duncan's multiple-range test. 

T h e  d r y  s h o o t  w e i g h t  o f  p l a n t s  i n o c u l a t e d  
wi th  P. neglectus a l o n e  was l o w e r  t h a n  t h a t  
o f  t h e  u n i n o c u l a t e d  c o n t r o l ,  b u t  d i d  n o t  
d i f f e r  f r o m  t h a t  o f  t h e  o t h e r  n e m a t o d e  
t r e a t m e n t s  (Fig.  6B).  T h e  s h o o t  w e i g h t  o f  
p l a n t s  i n o c u l a t e d  wi th  b o t h  n e m a t o d e  spe -  
cies o r  M .  chitwoodi a l o n e  d i d  n o t  d i f f e r  
f r o m  t h a t  o f  t h e  u n i n o c u l a t e d  con t ro l .  

Fecundity of  M .  chitwoodi: T h e  n u m b e r s  
o f  eggs  p e r  e g g  mass  o f  M .  chitwoodi w e r e  
l o w e r  (P ~< 0 .05)  w h e n  P. neglectus was 
p r e s e n t .  T h e  e g g  m a s s e s  o f  M .  chitwoodi 
c o n t a i n e d  139 eggs  in  t h e  a b s e n c e  o f  P.  
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FIG, 3. Assimilation of  14C-labelled pho tosyn-  

thates by Pratylenchus neglectus and Meloidogyne chit- 
woodi, as indicated by the amount of 14C activity (dis- 
integrations per minute) quantified by liquid scintil- 
lation spectrometry. A,B) ~4C per P. neglectus and M. 
chitwoodi, respectively. C,D) x4C in total numbers of P. 
neglectus and M. chitwoodi, respectively. The treat- 
ments - and + refer to the absence or presence of 
the species, Pn = P. neglect,us, and Mc = M. chitwoodi. 
The values are means of six replicate treatments. Bars 
with same letters do not differ significantly (P ~< 0.05) 
according to t-test. 

neglectus as c o m p a r e d  to  120 eggs  in  t h e  
p r e s e n c e  o f  P. neglectus. T h e  n u m b e r s  a r e  
p o o l e d  f r o m  two tr ia ls .  

Initial nematode density: A t  45 days ,  n u m -  
b e r s  o f  e i t h e r  n e m a t o d e  s p e c i e s  a n d  
we igh t s  o f  p l a n t  r o o t  a n d  s h o o t  w e r e  n o t  
c o r r e l a t e d  wi th  in i t ia l  dens i t i e s  o f  P. neglec- 
tus o r  M.  chitwoodi ( d a t a  n o t  p r e s e n t e d ) .  A t  
87 days ,  n u m b e r s  o f M .  chitwoodi w e r e  pos-  
i t ively c o r r e l a t e d  wi th  in i t ia l  d e n s i t i e s  o f  
t ha t  species ,  b u t  w e r e  n e g a t i v e l y  c o r r e l a t e d  
wi th  t h e  in i t ia l  dens i t i e s  o f  P. neglectus (P <. 
0.05) (Fig.  7A).  T h e  m u l t i p l e  l i n e a r  m o d e l  
Y = 2704  + 10.68 PiMc -- 0 .00295  (PiMc × 
Pipn ), w h e r e  PiM¢ is t h e  in i t ia l  d e n s i t y  o f  M.  
chitwoodi a n d  Pipn is t h e  in i t ia l  d e n s i t y  o f  P .  
neglectus, e x p l a i n s  a b o u t  80% o f  t h e  va r i a -  
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FIG. 4. The amounts of t4C-labelled photosyn- ~ 4 
thates assimilated by Pratylenchus neglectus and Meloid- o 
ogyne chitwoodi relative to that in plants. A,B) t4C ac- ~- 3 
tivity in P, neglectus and M. chitwoodi, respectively, as a 
proportion of ~C in barley roots. C,D) 14C activity in ~5 2 
P. neglectus and M. chitwoodi, respectively, as a propor- ~1. 
tion of a4C in the whole plant. The treatments - and 
+ refer to the absence or presence of the species, Pn 
= P. neglectus, and Mc = M. chitwoodi. The values are 
means of six replicate treatments. Bars with same let- 
ters do not differ significantly (P <~ 0.05) according to 
t-test. 

t ion  in  M .  chitwoodi p o p u l a t i o n  m e a n s .  T h e  
n u m b e r s  o f P .  neglectus w e r e  pos i t ive ly  cor-  
r e l a t e d  (P ~< 0.05)  wi th  in i t ia l  dens i t i e s  o f  
P.  neglectus,  b u t  w e r e  n o t  a f f e c t e d  by  M. 
chitwoodi (Fig.  7B). A b o u t  90% o f  t he  var i -  
a t i o n  in  n u m b e r s  o f  P.  neglec tus  is e x -  
p l a i n e d  by  t h e  m o d e l  Y = 4337  + 7.02 
Pipn + 0 .00053  (Pip ,  X PiMc )- 

T h e  r e p r o d u c t i v e  i n d e x  (Pf/Pi)  o f  M.  
chitwoodi was n o t  i n f l u e n c e d  s ign i f i can t ly  
by  its in i t i a l  d e n s i t i e s  (Pi), b u t  was n e g a -  
t ive ly  c o r r e l a t e d  (P ~< 0.05) wi th  t h e  PiMc × 
Pipn i n t e r a c t i o n  t e r m .  T h e  r e l a t i o n s h i p  is 
e x p l a i n e d  b y  t h e  m o d e l  Y = 12.9  + 
0 .00008  PiMc -- 0 .000002  (PiMc × Pien), R 2 
= 0 .48 (Fig.  8A).  R e p r o d u c t i v e  i n d e x  o f  P .  
neglectus was n e g a t i v e l y  c o r r e l a t e d  wi th  its 
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FIG. 5. The effect of Pratylenchus neglectus and 
Meloidoffyne chitwoodi on photosynthate assimilation by 
barley in A) root, B) shoot, and C) the whole plant. 
The treatments are indicated as follows: UC = uni- 
noculated control, Pn = P. neglect,us alone, Mc = M. 
chitwoodi alone, and Pn + Mc = P. neglectus + M. 
chitwoodi inoculated together. The values are means 
of six replicate treatments. Bars with same letters do 
not differ significantly (P ~< 0.05) according to Dun- 
can's multiple-range test. 

in i t ia l  dens i t i e s  b u t  was n o t  a f f e c t e d  by  t h e  
p r e s e n c e  o f  M .  chitwoodi. T h e  r e l a t i o n s h i p  
is e x p l a i n e d  by  t h e  m o d e l  Y = 16.4 - 
0 .0033 Pien + 0 .0000002  (P ie ,  x PiMc), R 2 
= 0.73 (Fig.  8B). 

T h e  f r e s h  r o o t  a n d  s h o o t  we igh t s  o f  b a r -  
ley w e r e  n o t  s ign i f i can t ly  r e d u c e d  b y  e i t h e r  
n e m a t o d e  in  t h e  d e n s i t y - r a n g e  t e s t e d  
(da t a  n o t  p r e s e n t e d ) .  
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FIG. 6. The effect of Pratylenchus neglectu~ and 
Meloidogyne chitwoodi on dry weights of A) barley root 
and B) barley shoot, at 34 days after inoculation. The 
treatments are indicated as follows: UC = uninocu- 
lated control, Pn = P. neglectus alone, Mc = M. chit- 
woodi alone, and Pn + Mc = P. neglectus + M. chit- 
woodi inoculated together. The values are means of 
six replicate treatments. Bars with same letters do not 
differ significantly (P ~< 0.05) according to Duncan's 
multiple-range test. 

DISCUSSION 

Pratylenchus neglectus and M. chitwoodi ex- 
hibited preemptive competition in barley. 
The species of  nematode that parasitized 
the roots first inhibited root penetration by 
the latter species. Also, the development of  
M. chitwoodi was restricted due to the prior 
presence of  P. neglectus. Root sizes ap- 
peared similar following invasion of  either 
species, but  there may have been fewer 
preferred sites. Root weights were not dif- 
ferent between single and combined spe- 
cies treatments in other experiments (23). 

The split-root experiments did not sup- 
port the hypothesis that competition was 
mediated by translocatable chemicals. It is 
possible, however, that nematode secre- 
tions may inhibit the competing species lo- 
cally. 
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FIG. 7. The influence of initial population densi- 
ties (Pi) of Pratylenchus neglectus and Meloidogyne chit- 
woodi on the final population levels (Pf) of A) M. chit- 
woodi and B) P. neglectus in barley, 87 days after inoc- 
ulation, in greenhouse experiments. The symbols 
(closed circles) represent the means of five observed 
values, and the response surface represents the pre- 
dicted values according to a linear multiple regression 
model. The models for final population levels of M. 
chitwoodi and P. neglectus are, respectively, Y = 2704 
+ 10.68 PiMc -- 0.00295(PiMc X Pipn), R e = 0.79, and 
Y = 4337 + 7.02 Pi~  + 0.000525(Pipn × PiMc),R 2 = 
0.90, where Y = the final population level, PiMc = 
initial population density of M. chitwoodi, and Pip, = 
initial population density of P. neglectus. 

Tests for consumptive competition sug- 
gest reduced availability of  nutrients to M. 
chitwoodi, which may be due to root dam- 
age caused by the feeding and migration 
of  P. neglectus. Based on the 14C assay, the 
amount of  carbon assimilated per individ- 
ual of  P. neglectus or M. chitwoodi was not 
statistically different  between the single 
and combined species treatments. How- 
ever, both species had consistently lower 
means of  14C levels in the combined spe- 
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FIG. 8. T h e  effects o f  initial populat ion densities 
(Pi) o f  Pratylenchus neglectus and Meloidogyne chitwoodi 
on the reproduct ive  index (Pf/Pi) o f  A) M. chitwoodi 
and B) P. neglectus, in barley, 87 days after  inocula- 
tion, in g reenhouse  exper iments .  T h e  symbols (closed 
circles) r ep re sen t  the  means  of  five observed values, 
and  the  i:esponse surface represents  the predic ted  
values according to l inear multiple regression models. 
T h e  reproduct ive  indexes of  M. chitwoodi and P. ne- 
glectus are expla ined by the  models,  respectively, Y = 
12.9 + 0.00008 PiM~ -- 0.000002(PiM¢ X Pipn), R 2 = 
0.48, and  Y = 16.41 - 0.0033 Pipn + 0.0000002(Pie~ 
X PiM¢), R 2 = 0.73, where  Y = reproduct ive  index, 
PiM¢ = initial popula t ion density of  M. chitwoodi, and 

• Pia,~ = initial popula t ion density o f  P. neglectus. 

cies treatments than in the single species 
treatments. Furthermore,  carbon assimila- 
tion was lower in the plants inoculated with 
either species alone than in the nematode- 
free plants, whereas carbon assimilation 
was not reduced in the plants inoculated 
with both nematode species. 

Bird and Loveys (2) demonstrated that 
Meloidogyne javanica functions as a meta- 
bolic sink and that at least some of the nu- 
trients required by these nematodes origi- 

nate from photosynthates. McClure (14) 
confirmed and extended the results of  
Bird and Loveys (2) by demonstrating that 
the majority of  14C-labelled photosynthate 
was accumulated in swollen M. incognita fe- 
males and associated egg masses. Our  
studies demonstrate that 14C-labelled pho- 
tosynthates are assimilated by both M. chit- 
woodi and P. neglectus. Meloidogyne chitwoodi 
withdrew a much greater proport ion of  
photosynthate, however, than did P. ne- 
glectus, and both  species accumula ted  
lower amounts  of  photosynthate  when 
present concomitantly than when present 
alone. 

Reduced nutrition probably is the cause 
of delayed development and reduced egg 
production by M. chitwoodi. Final popula- 
tion levels of  M. chitwoodi decreased lin- 
early with higher initial population densi- 
ties of  P. neglectus, thus demonstrating the 
density-dependent nature of  competition 
(1). The reproductive index of  M. chitwoodi 
was not influenced by its initial population 
density, which implies that resources were 
not limited. In the presence of  P. neglectus, 
the reproductive index of M. chitwoodi de- 
creased, probably due to depletion of  nu- 
trients. However, P. neglectus population 
size was not affected by M. chitwoodi initial 
densities. The reproductive index ofP .  ne- 
glectus decreased with increase in levels of  
P. neglectus initial population density but 
was not influenced by the initial popula- 
tion densities of  M. chitwoodi, in the range 
tested. The lack of negative effects on P. 
neglectus population levels in these experi- 
ments is unclear. In other experiments, M. 
chitwoodi and P. neglectus were mutually 
suppressive, depending on soil tempera- 
ture and host plant (23). 

Our studies demonstrate that P. neglectus 
competes with and has the potential to re- 
strict population levels o f  M. chitwoodi. 
Data from field plots (10) and earlier stud- 
ies (11,17) indicate a close correlation be- 
tween final population levels of M. chit- 
woodi and blemish ratings of  potato tubers. 
Therefore,  reduced number  or delayed 
development of  M. chitwoodi is likely to re- 
sult in fewer blemishes on tubers. More 
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t h a n  o n e  m e c h a n i s m  o f  c o m p e t i t i o n  ap-  
pea rs  to be  i nvo lved  in  the  i n t e r a c t i o n  be-  
t w e e n  t h e s e  n e m a t o d e s .  T h e  d i f f e r e n t  
m e c h a n i s m s  o f  c o m p e t i t i o n  p r o b a b l y  com-  
p l e m e n t  each  o t h e r  i n  s u p p r e s s i n g  con-  
c o m i t a n t  spec ies .  F i e l d  e x p e r i m e n t s  to 
m a n a g e  a n d  m a x i m i z e  the  effects o f  com-  
pe t i t i on  a re  necessa ry  b e f o r e  we can  ex- 
ploi t  compe t i t i ve  i n t e r ac t i ons  as a m e t h o d  
o f  s u p p r e s s i n g  M. chitwoodi a n d  r e d u c i n g  

b lemishes  o n  po ta to  tubers .  
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