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Influence of Temperature and Host Plant on the 
Interaction Between Pratylenchus neglectus and 

Meloidogyne chitwoodi 
KODIRA C. UMESH AND HOWARD FERRIS 1 

Abstract: The interaction between Pratylenchus neglect~ (Pn) and Meloidogyne chitwoodi (Mc) was 
investigated at soil temperatures of  15, 20, and 25 C on barley and potato. Maximum numbers of  Pn 
and Mc penetrated barley roots at 20 C, whereas a minimum number penetrated at 15 C. Pratylenchus 
neglectus restricted root penetration by Mc over time and vice-versa. Population densities of  each 
species increased with increasing temperature. Concomitant inoculation of  the two species resulted 
in lower numbers of Pn at 15 and 25 C in both barley and potato, whereas the numbers of Mc were 
lower at 15 C in barley and at 25 C in potato. Root weights of potato and barley at 15 and 20 C, 
respectively, were lowered by the presence of  both nematodes singly or concomitantly. At 25 C, 
barley plants inoculated with Mc alone had lower shoot weight than uninoculated controls, but the 
damage was restricted when Pn also was present. The two species interact competitively, and the 
outcome varies with soil temperature and host plant. Pn has the potential to suppress Mc population 
levels and reduce the damage it causes to potato and barley. 

Key words: barley, competition, Hordeum vulgare, interaction, Meloidogyne chitwoodi, nematode, pen- 
etration, population change, potato, Pratylenchus neglectus, Solarium tuberosum, temperature. 

Popula t ions  o f  Meloidogyne chitwoodi 
Golden, O'Bannon,  Santo, and Finley, and 
Pratylenchus neglectus (Rensch) Filipjev and 
Schuu rmans  Stekhoven occur  in fields 
used for potato (Solanum tuberosum) and 
barley (Hordeum vulgare) produc t ion  in 
n o r t h e r n  Cal i forn ia  and  par ts  of  the  
northwest United States (20,29,34). Meloi- 
dogyne chitwoodi is a pathogen of potatoes, 
causing blemishes on tubers and reducing 
their yield and quality (12,22). The  ability 
ofP .  neglectus to suppress potato yields var- 
ies with soil types (21,28), but  the nema- 
tode does not  cause blemishes on tubers. 
Pratylenchus neglectus did not  d a m a g e  
wheat and barley under  experimental  con- 
ditions (19,32). The  interaction between P. 
neglectus and M. chitwoodi and their com- 
bined effect on host plants have not been 
studied. 

Abiotic and biotic factors that can affect 
the outcome of nematode-nematode  in- 
teractions include soil temperature  (4,16, 
33) and host suitability (14,15). Tempera-  
ture may affect plant-parasitic nematodes 
either directly or indirectly th rough the 
host plant. 
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Among the different  types of  interac- 
tions that occur between organisms, inter- 
specific competition is considered to be of 
major ecological importance in structuring 
natural  communi t ies  (24,26). A l though  
some ecologists disagree on its importance 
(3,35), many kinds of organisms at differ- 
ent trophic levels exhibit interspecific com- 
petition in the field (27). Competitive in- 
teractions between plant-parasitic nema- 
tode species, wherein the populat ion of  
one or both of  the species is suppressed (7) 
and plant damage is reduced,  are appar- 
ently common (6,8,18,23). 

We hypothesized that competit ion by P. 
neglectus would suppress the populat ion 
density of M. chitwoodi and thus result in 
reduced potato tuber damage. Our  objec- 
tives were to quantify the influence of  soil 
t empera ture  and host suitability on the 
population changes of P. neglectus and M. 
chitwoodi interactions, and to determine the 
effect of concomitant populations of  these 
nematodes on yields of barley and potato. 

MATERIALS AND METHODS 

Soil f rom potato fields near Tulelake, 
California, (sand 48%, silt 37%, clay 15%, 
organic matter 11.5%, pH 7.2, cation ex- 
change capacity 41.5 c mol kg-1,  and elec- 
trical conductivity 2.71 dS m-1) ,  or white 
silica sand (Corona Industrial  Sand Co., 
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Corona, CA), was autoclaved for 30 min- 
utes at ca. 115 C and 20 psi, then aerated 
for 1 week and used in experiments. Cul- 
tures of  P. neglectus and M. chitwoodi were 
maintained in a greenhouse on barley cv. 
Steptoe and tomato (Lycopersicon esculen- 
turn) cv. Columbia, respectively. Pratylen- 
chus neglectus inoculum was obtained by 
placing infected roots in a mist chamber 
(30). Meloidogyne chitwoodi inoculum was 
obtained by shaking the roots in 0.05% 
NaOC1 for 4 minutes (13), collecting the 
eggs, and placing them in a mist chamber 
(30). The experiments were conducted on 
barley cv. Steptoe and potato cv. Russet 
Burbank in controlled-temperature water 
baths in a greenhouse. 

Interaction in barley: Two barley seedlings 
were grown in l-liter polystyrene cups 
filled with autoclaved soil. Two cups were 
embedded in each of 5-liter plastic buckets 
filled with steam-sterilized sand. When the 
seedlings were 10 days old, the plastic 
buckets containing the cups were placed in 
water baths at 15, 20, and 25 -+ 2 C. Three 
days later, nematodes were added to the 
cups by pipetting 2.5 ml of a nematode 
suspension into each of four holes about 5 
cm deep between the seedlings. The holes 
were covered with soil, and the cups were 
lightly watered. The nematode treatments 
were 1,500 P. neglectus, 500 M. chitwoodi, 
1,500 P. neglectus + 500 M. chitwoodi, and a 
nematode-free control treatment that re- 
ceived 10 ml of  tap water. Six water baths 
were maintained, two at each of the three 
temperatures. There  were two replications 
in each water bath, four per nematode 
treatment. The treatments were random- 
ized within each water bath. Soil tempera- 
ture was monitored by a probe placed ca. 
10 cm deep in the center of the cup and 
was recorded at hourly intervals by a com- 
puter. The plants were supplied with half- 
strength Hoaglands nutrient solution twice 
a week and deionized water on other days. 

Af ter  62 days, nematodes  were ex- 
tracted from roots in a mist chamber for 7 
days and from 100 cm 3 soil by sieving (140, 
75, and 37-p,m pore-size sieves) and cen- 
trifugal flotation (30), and quantified with 

the aid of a dissecting microscope. The ef- 
fect of  single and combined nematode 
treatments on the plants at different tem- 
peratures was assessed by comparing fresh 
root and shoot weights of plants grown in 
the presence and absence of  nematodes. 
The effects of  nematode treatments were 
analyzed separately for each temperature 
by analysis of variance and Duncan's mul- 
tiple-range test. The experiment was re- 
peated, but the second trial was terminated 
after 74 rather than 62 days. Data from the 
two trials were pooled and analyzed by 
blocking for trial effects. 

Interaction in potato: Potato plants were 
established from 2.5 cm 3 tuber pieces with 
eye-buds. One plant was established per 
1,500 cm 3 pot. Soil temperature, nema- 
tode treatments, data analyses, and all ex- 
perimental procedures were as described 
for barley. 

Root penetration: Barley seedlings were 
grown in 150-cm ~ polystyrene cups filled 
with white silica sand. The  cups were 
placed in cons tan t - t empera tu re  water  
baths at 15, 20, and 25 -+ 2 C, as described. 
Each cup received ca. 900 P. neglectus, 330 
M. chitwoodi, or 900 P. neglectus + 330 M. 
chitwoodi, in 5 ml of suspension. The cups 
were watered lightly af ter  inoculation. 
Four replications were destructively sam- 
pled 2, 4, 8, and 15 days after inoculation. 
Plant roots were stained with acid fuchsin 
(2), and the number of individuals of  each 
species in the root was determined with the 
aid of a dissecting microscope. The exper- 
iment was repeated; the treatments in the 
second trial consisted of ca. 800 P. neglec- 
tus, 260 M. chitwoodi, or 800 P. neglectus + 
260 M. chitwoodi, in 4 ml of suspension per 
cup. Data from the two trials were pooled, 
and an exponential growth model, Y = 
a(1 - e-bX), where Y = the number of  
nematodes of a species in the root, a = the 
maximum Y, b = the rate at which Y is 
approached, and x = time (days after in- 
oculation), was fitted to the means across 
sampling dates at each temperature. The 
lines fitted to means of single- and two- 
species t rea tments  were compared  by 
F-test ratio (5). 
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RESULT8 

In'teraction in barley: N u m b e r s  o f  P. ne- 
glectus in roots  and  soil increased with in- 
c reas ing  soil t e m p e r a t u r e  w h e n  M. chit- 
woodi was absent ,  bu t  the p resence  o f  M. 
chitwoodi r e du c ed  (P ~< 0.05) the n u m b e r s  
o f  P. neglectus at 15 and  25 C (Fig. 1A). 
S imi la r ly ,  n u m b e r s  o f  M.  chitwoodi in- 
c r ea sed  with  soil t e m p e r a t u r e ,  b u t  the  
p resence  o f P .  neglectus r educed  (P ~< 0.05) 
the  n u m b e r s  o f  M. chitwoodi; only at 15 C 
(Fig. 1B). 

At  15 C, f resh  shoot ,  root ,  a n d  head  
weights o f  bar ley did not  d i f fe r  a m o n g  any 
o f  the  t r ea tments  (Table  1). At  20 C, bar ley 
inoculated with n e m a t o d e s  had  lower (P ~< 
0.05) f resh  roo t  weight  than  did the  unin-  

oculated controls ,  bu t  the  r educ t ion  was 
s imi la r  a m o n g  the  d i f f e r e n t  n e m a t o d e  
t r e a t m e n t s  (Tab l e  1). S h o o t  a n d  h e a d  
weights were  not  affected.  At  25 C, f resh  
shoot,  root ,  and  head  weights  o f  the  plants  
inoculated with bo th  species toge ther ,  or  
with P. neglectus alone, did not  d i f fe r  f r o m  
those o f  the un inocu la ted  control .  How-  
ever,  plants inocula ted  with M. chitwoodi 
alone had  lower  (P <~ 0.05) shoot  weight  
than  the  controls  (Table  1). 

Interaction in potato: T h e  in f luence  o f  
t e m p e r a t u r e  on  n u m b e r s  o f  P. neglectus 
and  M. chitwoodi in po ta to  was similar to 
that  in barley.  N e m a t o d e  n u m b e r s  were  
g r ea t e r  at h ighe r  soil t e m p e r a t u r e  (Fig. 
1C,D). Meloidogyne chitwoodi r e d u c e d  (P 
0.05) P. neglectus n u m b e r s  at 15 C and  25 C 
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Fzo. l. Effects of temperature on nematode population levels in pots in greenhouse. A) Pratylenchus ne- 

glectus (Pn) on barley, B) Meloidogyne chitwoodi (Me) on barley, C) P. neglectus on potato, and D) M. chitwoodi on 
potato. The number of nematodes per 1,000 cm 3 soil and roots were determined at crop maturity. The 
treatments were as follows: -Mc = P. neglectus alone; +Me = P. neglectus and M. chitwoodi inoculated 
concomitantly; -Pn  = M. chitwoodi alone; + Pn = M. chitwoodi and P. neglectus inoculated concomitantly. The 
values are means of eight replicates from two trials. Statistical comparisons were made at each temperature 
level between single and concomitant inoculations; bars with same letters are not significantly different ac- 
cording to Duncan's multiple-range tests (P ~ 0.05). 
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TABL~ 1. Effects o f  s ingle  a nd  mixed  popula t ions  of  Pratylenchus neglectus and  Meloidogyne chitwoodi on 
weights  o f  bar ley  and  pota to  at  th ree  soil t e m pe r a tu r e s  in a greenhouse .  

Barley Potato 

Shoot  Root  H e a d  Shoot  Root  T u b e r  

T r e a t m e n t t  (g) (g) (g) (g) (g) (g) 

15 C 
UC 42.3 a 16.4 a 17.4 a 
Pn 39.0 a 14.9 a 19.4 a 
Mc 36.3 a 14.0 a 20.4 a 
Pn + Mc 39.9 a 14.0 a 20.0 a 

2O C 
UC 44.4 a 16.3 a 20.5 a 
Pn 38.4 a 12.5 b 21.0 a 
Mc 38.0 a 12.3 b 19.4 a 
Pn + Mc 37.1 a 12.6 b 18.8 a 

25 C 
UC 42.6 a 13.4 a 16.9 a 
Pn 37.5 ab 10.8 a 17.3 a 
Mc 32.0 b 10.8 a 15.4 a 
Pn + Mc 37.4 ab 12.3 a 17.5 a 

71.4 a 42.5 a 145.9 a 
71.5 a 34.0 b 142.0 a 
74.3 a 32.1 b 143.3 a 
68.3 a 34.4 b 141.4 a 

72.9 a 26.6 a 134.5 b 
71.8 a 24.5 a 153.6 a 
71.6 a 24.0 a 135.0 b 
68.6 a 25.3 a 132.3 b 

80.1 a 2 9 . 4 a  123.1 a 
7 1 A a  26.1 a 119.4 a 
74.8 a 26.5 a 119.5 a 
69.6 a 27.5 a 135.1 a 

Values are means of eight replicates from two trials. Means followed by the same letters at a temperature within a column 
are not significantly different according to Duncan's multiple-range test (P ~ 0.05). 

t UC = Uninoculated control; Pn = Pratylenchu~ neglectus alone; Mc = Mdoidog3ne chitwoodi alone; Pn + Mc = Pratylenchus 
neglectus and Meloidogyne chitwoodi inoculated concomitantly. 

but not at 20 C (Fig. 1C). The presence of 
P. neglectus reduced (P ~< 0.05) the num- 
bers of M. chitwoodi at 25 C but not at 15 
and 20 C (Fig. 1D). 

The influence of temperature on fresh 
weights of potato was generally similar to 
that on barley (Table 1). The nematode 
treatments reduced (P ~< 0.05) root weight 
only at 15 C. At 20 C, treatment with P. 
neglectus alone had greater (P ~ 0.05) tu- 
ber weight than other treatments. Shoot 
weights were not affected by the nema- 
todes. 

Root penetration: The numbers of both P. 
neglectus and M. chitwoodi penetrating the 
root increased up to 15 days at all temper- 
atures (Fig. 2). Most M. chitwoodi were at 
the root tip and the zone of root elonga- 
tion, whereas most P. neglectus were in the 
zone of lateral root emergence. Root pen- 
etration by the two species was fitted to an 
exponential model, Y = a(1 - e-bx). The 
model accounted for 98% of the variability 
among means. Temperature affected root 
penetration by the nematodes; highest and 
lowest numbers of  both species penetrated 
the roots at 20 C and 15 C, respectively. 
The numbers and (or) rate of penetration 
of P. neglectus into roots did not differ at 

any temperature (P ~< 0.05), regardless of  
the nematode treatment (Fig. 2). However, 
at 15 and 20 C, the numbers and (or) rate 
of penetration of M. chitwoodi into roots 
were lower (P ~< 0.05) in the presence of P. 
neglectus than in their absence (Fig. 2). 

DISCUSSION 

The competitive interaction between P. 
neglectus and M. chitwoodi on barley and po- 
tato was affected by soil temperature and 
host plant. Competition was greatest at ex- 
tremes of the temperature range tested. 
The negative effect of M. chitwoodi on P. 
neglectus was greatest at 25 C on barley and 
potato, whereas the negative effect of P. 
neglectus on M. chitwoodi was greatest at 15 
C in barley and at 25 C in potato. Compe- 
tition between Heterodera glycines and Pra- 
tylenchus scribneri in soybean was also af- 
fected by soil temperature (16). In other 
organisms, the intensity of competitive in- 
teractions varies with the abiotic and biotic 
environment (27). Our results substantiate 
the significance of environment on compe- 
tition. 

The  impact  of  soil t e m p e r a t u r e  on 
nematode population levels may be a di- 
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FIG. 2. Numbers ofPratylenchus neglectus (Pn) and 

Meloidogyne chitwoodi (Mc) invading barley roots, as 
affected by soil temperature and days after inocula- 
tion. The symbols are the observed values (means of 
eight replicates from two trials). The lines are the 
values predicted by the model, Y = a(1 - e-bx), 
where Y = the number of nematodes of a species in 
the root, a = the maximum Y, b = the rate at which 
Y is approached, and x = time (days after inocula- 
tion). The parameter values according to the model 
are: at 25 C, a = 196.5, b = 0.47 for Pn alone, and a 
= 180, b = 0.53 for Pn when present with Mc; a = 
115.7, b = 0.4 for Mc alone and a = 100.7, b = 0.44 
for Mc when present with Pn; at 20 C, a = 236.7, b = 
0.45 for Pn alone, and a = 182.9, b = 0.65 for Pn 
when present with Mc; a = 133.7, b = 0.38 for Mc 
alone and a = 109.8, b = 0.39 for Mc when present 
with P n ; a n d a t  15 C , a  = 176.4, b = 0.33 for Pn 
alone, and a = 144, b = 0.46 for Pn when present 
with Mc; a - 100.4, b = 0.12 for Mc alone and a = 
77.8, b = 0.14 for Mc when present with Pn. 

r e c t  e f f ec t  o n  t h e  n e m a t o d e  o r  a n  i n d i r e c t  
e f f ec t  m e d i a t e d  t h r o u g h  t h e  p h y s i o l o g y  o f  
t h e  hos t  roo t .  I t  is d i f f i cu l t  to d i f f e r e n t i a t e  
b e t w e e n  t h e  two ef fec ts ,  b u t  t h e  e f f ec t  o f  
t e m p e r a t u r e  o n  c o m p e t i t i o n  in  t h e  two  
h o s t  p l a n t s  sugges t s  t h a t  a l t e r e d  r o o t  p h y s -  
io logy  m a y  b e  m o r e  i m p o r t a n t .  A l t h o u g h  
p h o t o s y n t h a t e s  a r e  k n o w n  to b e  t r a n s l o -  
c a t e d  to d i f f e r e n t  p l a n t  o r g a n s  (sinks) ,  t h e  
p r o c e s s  o f  p a r t i t i o n i n g  o f  a s s imi la te s  is n o t  
c l ea r ly  u n d e r s t o o d .  I t  is b e l i e v e d  to  d e -  
p e n d  o n  c o m p e t i t i o n  b e t w e e n  s inks  (11). 
P l a n t - p a r a s i t i c  n e m a t o d e s ,  e s p e c i a l l y  
Meloidogyne spp . ,  a r e  c o n s i d e r e d  to f u n c -  
t i on  as a d d i t i o n a l  s inks  (1,17).  C o m p e t i t i o n  
f o r  p h o t o s y n t h a t e s  p r o b a b l y  o c c u r s  be -  
t w e e n  p l a n t  t i s sues ,  b e t w e e n  n e m a t o d e  
species ,  a n d  b e t w e e n  p l a n t  a n d  n e m a t o d e s .  
T h i s  c o m p e t i t i o n  is f u r t h e r  c o m p l i c a t e d  b y  
t e m p e r a t u r e ,  w h i c h  i n f l u e n c e s  t h e  p a r t i -  
t i o n i n g  o f  p h o t o s y n t h a t e s  to  t h e  v a r i o u s  
s inks  (36). I t  is p r o b a b l e  t ha t  b a r l e y  a n d  
p o t a t o  h a v e  d i f f e r e n t  t h e r m a l  o p t i m a ,  a n d  
t h e i r  p h o t o s y n t h a t e  p a r t i t i o n i n g  is l ike ly  to  
v a r y  wi th  t e m p e r a t u r e .  

T h e  F - t e s t  to d e t e r m i n e  i f  t h e  l ines  f i t t e d  
to t h e  d a t a  o n  r o o t  p e n e t r a t i o n  f o r  e a c h  
n e m a t o d e  spec ies  w e r e  s i gn i f i c an t l y  d i f f e r -  
e n t  d i d  n o t  a l low us to d e t e r m i n e  w h e t h e r  
t he  to ta l  n u m b e r s  in  t h e  r o o t s  o r  t h e  r a t e  o f  
p e n e t r a t i o n  w e r e  d i f f e r e n t .  T h e  l ines  fit-  
t e d  to n u m b e r s  o f  M. chitwoodi in  r o o t s  d i f -  
f e r e d  s ign i f i can t ly  b e t w e e n  t h e  t r e a t m e n t s ,  
i n d i c a t i n g  t h a t  P. neglectus p r o g r e s s i v e l y  
r e s t r i c t e d  p e n e t r a t i o n  by  M. chitwoodi. Al-  
t h o u g h  t h e  l ines  f i t t ed  to n u m b e r s  o f  P .  
neglectus in  r o o t s  d i d  n o t  d i f f e r  b e c a u s e  o f  
w i t h i n - t r e a t m e n t  v a r i a t i o n s ,  t h e y  h a d  a 
l o w e r  a s y m p t o t e  in  t h e  p r e s e n c e  o f  M.  chit- 
woodi, T h i s  sugges t s  t ha t  P. neglectus a n d  
M. chitwoodi i n t e r f e r e d  wi th  each  o t h e r  in  
r o o t  p e n e t r a t i o n ,  in  sp i t e  o f  s e l ec t ing  d i f -  
f e r e n t  r o o t  z o n e s  f o r  f e e d i n g .  Poss ib ly ,  
e ach  n e m a t o d e  spec ies  a l t e r s  r o o t  p h y s i o l -  
o g y  o r  d a m a g e s  t h e  r o o t  s u r f a c e  w h i l e  
p r o b i n g ,  t h u s  d e p l e t i n g  t h e  f e e d i n g  si tes 
fo r  t h e  o t h e r .  S i m i l a r  r e su l t s  w e r e  o b t a i n e d  
by  Es to re s  a n d  C h e n  (9), w h e r e i n  r o o t  p e n -  
e t r a t i o n  by  Pratylenchus penetrans was i nh ib -  
i t ed  by  Meloidogyne incognita 36 h o u r s  a f t e r  
i n o c u l a t i o n  w h e n  b o t h  s p e c i e s  w e r e  
p r e s e n t  o n  t h e  s a m e  r o o t  s e g m e n t ,  b u t  n o t  

. . . . . .  I . . . . . .  
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before 7 days when the species were in op- 
posite halves of  a split-root system. In 
other studies on different crops, root pen- 
etration by Meloidogyne sp. was suppressed 
by Pratylenchus sp. (10,31). 

Plant damage induced by a single nema- 
tode species may be increased or decreased 
by the presence of  another species, de- 
pending on the nematode species and host 
plant (7). Pratylenchus neglectus suppressed 
yields of  potato in sandy soils (21) but not 
in clay soils (28). It did not appear to be a 
serious pathogen of  barley in our earlier 
experiments (32) or in the present studies. 
In previous studies, M. chitwoodi reduced 
root and tuber weight of  potato at 15, 20, 
and 25 C (25). In our  study, tuber weight 
was not affected by M. chitwoodi, while root 
weights of  potato and barley were lower in 
the presence of  the nematode at 15 and 20 
C, respectively. Meloidogyne chitwoodi re- 
duced shoot weight o f  barley at 25 C when 
present alone but  not when present with P. 
neglectus, substant iat ing the bel ief  that 
competition between these nematodes can 
offset plant damage. Tuber  quality could 
not be assessed in these studies because of  
the small size of  tubers in pots and lack of  
obvious symptoms. However, tuber dam- 
age is correlated with final nematode pop- 
ulation levels (25). Therefore,  reduction in 
M. chitwoodi population levels should result 
in reduced tuber damage. Although the 
results are encouraging,  more  experi-  
ments are needed before we can exploit 
competitive interactions between plant- 
parasitic nematodes to reduce plant dam- 
age. 
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