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Host Tests to Differentiate Meloidogyne chitwoodi 
Races 1 and 2 and M. hapla 1 

H .  M O J T A H E D I ,  G .  S.  S A N T O ,  AND J .  H .  W I L S O N  2 

Abstract: T h e  reproduc t ive  factor  (R = final egg density at 55 days + 5,000, initial egg density) 
o f  Meloidogyne chitwoodi race 2 (alfalfa race) on 46 crop  cultivars r anged  f rom 0 to 130. T h e  repro-  
ductive efficiency of M. chitwoodi race 1 (non-alfalfa race) and M. chitwoodi race 2 was compared on 
selected crop cuhivars. The basic difference between the two races lay in their differential repro- 
duction on Thor alfalfa and Red Cored Chantenay carrot. M. chitwoodi race 2 reproduced on alfalfa 
but not on carrot. Conversely, alfalfa was a poor host and carrots were suitable for M. chitwoodi race 
1. Based on host responses to iV/. chitwoodi races and M. hapla, a new differential host test was 
proposed to distinguish the common root-knot nematode species of the Pacific Northwest. 

Key words: Columbia root-knot nematode, differential host test, Meloidogyne chitwoodi, M. hapla, 
northern root-knot nematode. 

T h e  Co lumbia  r o o t - k n o t  n e m a t o d e ,  Me- 
loidogyne chitwoodi Golden  et al., 1980, is a 
serious pest  o f  po ta to  (Solanum tuberosum 
L.) in the  U.S. Pacific Nor thwes t  (10). Ear- 
lier r e sea rch  indicated that  alfalfa (Medi- 
cago sativa L.) was not  a suitable host  to the  
type cu l ture  o f  M. chitwoodi (10). La t e r  re- 
search,  however ,  showed tha t  cer ta in  pop-  
ulat ions o f M .  chitwoodi were  cabable  o f  re- 
p roduc ing  on alfalfa; these were  designated 
as the  M. chitwoodi alfalfa race  (race 2) (11). 
A subsequen t  s tudy showed tha t  race  2 re- 
p r o d u c e d  on 54 alfalfa cuhivars  (5). T h u s  
alfalfa can no longer  be  genera l ly  r e com -  
m e n d e d  as a ro t a t ion  c rop  with po t a t o  to 
suppress  M. chitwoodi popula t ions .  Studies 
on the  d is t r ibut ion o f  this new race indicate  
tha t  it is p resen t  in all the  m a j o r  po ta to  
g rowing  reg ions  of  the  Pacific Nor thwes t  
(9); however ,  no different ial  host  test  was 
available to separa te  concomi t an t  popula -  
tions o f  M. chitwoodi races.  

T h e  object ives o f  this s tudy were  1) to 
evaluate  the  host  status o f  d i f ferent  c rop  
cultivars to M. chitwoodi race  2 and  2) to 
deve lop  a different ia l  host  test  that  can dis- 
t inguish the  two races o fM.  chitwoodi f r o m  
each o the r  and  f r o m  M. hapla Chi twood,  
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1949, a n o t h e r  roo t -kno t  n e m a t o d e  species 
c o m m o n  in the  Pacific N o r t h w e s t  (2). 

MATERIALS AND METHODS 

Expe r imen t s  were  conduc ted  with Me- 
loidogyne chitwoodi and M. hapla isolates f rom 
the I r r iga t ed  Agr icu l tu re  Research  and  
Extension Center ,  Prosser ,  Washing ton ,  
collect ion (9). T h e  inoculum consisted o f  
5,000 eggs in 5 ml water  p ipe t t ed  a r o u n d  
the  roo t  systems o f  test plants.  Egg inocula 
were  ob ta ined  f r o m  infected  t o m a t o  (Ly- 
copersicon esculentum Mill. cv. Columbian)  
roots  by the  NaOC1 m e t h o d  (4). 

Seeds were  p lan ted  in me thy l  b r o m i d e -  
fumiga ted  soil in cavity trays for  3 weeks 
before  t ransplant ing to 10-cm-d plastic pots 
c o n t a i n i n g  m e t h y l - b r o m i d e  f u m i g a t e d  
loamy sand (84% sand, 10% silt, 6% clay). 
Five repl icat ions o f  each p lant  were  inoc- 
ula ted at the  t ime  o f  t ransplant ing.  Colum-  
bian t o m a t o  and  p e p p e r  (Capsicum annuum 
L. cv. Cal i fornia  Wonder )  plants  were  in- 
c luded with each expe r imen t .  C o l u m b i a n  
tomato ,  an excel lent  host  for  b o t h  races o f  
M. chitwoodi, was used as a s tandard .  Cali- 
forn ia  W o n d e r  p e p p e r ,  a nonhos t  for  M. 
chitwoodi, was included as a check for  pos- 
sible M. hapla contamina t ion .  

Host  suitability was assessed af ter  55 days 
by washing the  roots  f ree  o f  soil, ex t r ac t ing  
the eggs (4), and  calculat ing the  r e p r o d u c -  
t ion fac tor  (R = final egg  densi ty + initial 
egg  density) (8). 

Host range studies: Forty-six p lan t  culti- 
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vars were  tes ted with M. chitwoodi race  2 
(ORMC8)  over  a 1-year per iod .  Alfalfa  
(Medicago sativa L. cv. T h o r )  was inc luded 
with each e x p e r i m e n t  to ascer ta in  ability 
o f  the  n e m a t o d e  to r e p r o d u c e  on alfalfa 
t h r o u g h o u t  the  studies. W h e n  new c rop  
cultivars were  tes ted  or  the  status o f  a p lant  
as a host  to M. chitwoodi race  2 was sub- 
stantially d i f ferent  f r o m  the r e p o r t e d  data  
for  M. chitwoodi race  1 (7), the  e x p e r i m e n t  
was r ep e a t e d  and  an isolate of  type  cu l ture  
(WAMC 1) was included. T h e  e x p e r i m e n t s  
were  conduc ted  in a g r e e n h o u s e  where  the  
t e m p e r a t u r e  was 2 2 - 2 8  C. Based on the  R 
values, the test  plants  were  g r o u p e d  in four  
host  categories:  R = 0 -0 .09 ,  nonhos t ;  R = 
0 .1-0 .9 ,  poo r  host; R = 1-2,  m o d e r a t e  host; 
R > 2, suitable host. 

Differential host tests: T e n  race  2 and  two 
race  1 popula t ions  of  M. chitwoodi were  
r e a r e d  on wheat  (Triticum aestivum L. cv. 
Nugaines)  and  an isolate o f  M. hapla was 
r ea r ed  on pepper .  T h e  popula t ions  were  
subsequent ly  increased on C o l u m b i a n  to- 
mato .  Egg inocula ob t a ined  f r o m  t o m a t o  
were  in t roduced  a r o u n d  ca r ro t  (Daucus 
carota L. cv. Red  C o r e d  Chantenay)  roots ,  
and  reproduc t ive  factors o f  all isolates w e r e  
de t e rmined .  In a second e x p e r i m e n t ,  sin- 
gle egg  masses o f  selected popula t ions  o f  
M. chi~woodi were  ob ta ined  f r o m  whea t  and  
r ea r ed  on tomato .  T h e  egg  inocula f r o m  
t o m a t o  were  in t roduced  to Red Cored  
Chan tenay  ca r ro t  and  a clonal T h o r  alfal- 
fa, selected as susceptible to M. chitwoodi 
race  2. Af t e r  55 days, the  roo t  systems o f  
test  plants  were  s ta ined with Phloxin  B (1). 
E g g  masses were  coun t ed  and  indexed  (3), 
t hen  eggs were  ex t r ac t ed  and  r ep roduc t i ve  
factors  were  calculated.  

RESULTS AND DISCUSSION 

Host range studies: M. chitwoodi race  2 suc- 
cessfully r e p r o d u c e d  on  t o m a t o  and  alfalfa 
roots;  the  R values on these hosts in five 
sets o f  e x p e r i m e n t s  were  1 2 - 1 3 4  on to- 
m a t o  and  1 .5-11 on  alfalfa. T h e  R values 
for  28 o f  the  46 p lant  entr ies  tes ted were  
0 -0 .9 ,  indicat ing they were  nonhos t s  or  
p o o r  hosts o fM.  chitwoodi race  2 (Table  1). 

A m o n g  the  nonhos t s  and  p o o r  hosts for  

race  2 were  Beta vulgaris L. cv. U&I  H y b r i d  
No. 9 sugarbee t  and  Gold  Pak carrot .  T h e s e  
two plants  were  m o d e r a t e  hosts fo r  M. chit- 
woodi race  1 in an ear l ier  s tudy (7). In  a 
subsequent  test  with bo th  races o f  M. chit- 
woodi, suga rbee t  r e m a i n e d  a p o o r  host  for  
M. chitwoodi race  2 and  was also a p o o r  host  
toM. chitwoodi race  1, con t r a ry  to an ear l ier  
r e p o r t  (7). T h e  d iscrepancy be tween  the  
two studies was due  to d i f ferent  m e t h o d s  
used to express  n e m a t o d e  r ep roduc t ion .  In  
the prev ious  r e p o r t  (7), the  host  index ing  
was based  on the  n u m b e r  o f  eggs  p e r  g r a m  
o f  dr ied  root .  T h e r e f o r e ,  on a very small 
roo t  system, like sugarbee t  f eede r  roots ,  
the actual  n u m b e r  o f  eggs p r o d u c e d  may  
have  been  inflated and  the  host  status o f  
sugarbee t  to M. chitwoodi overes t ima ted .  
Converse ly ,  n e m a t o d e  r e p r o d u c t i o n  on a 
large roo t  system may  be  unde re s t ima ted .  
T h u s  a s tandard ized  m e t h o d  o f  r e p o r t i n g  
n e m a t o d e  r e p r o d u c t i o n  and  eva lua t ing  the  
host  status o f  plants  is i m p o r t a n t  (12). 

T h r e e  ca r ro t  cult ivars including G o l d  
Pak (Table  1) again  failed to suppor t  M. 
chitwoodi race  2 popula t ions  but  were  suit- 
able hosts for  M. chitwoodi race  1 (Table  2). 
In  different ial  host  tests, Red  C o r e d  Chan-  
tenay ca r ro t  was selected as an addi t ional  
differential  host  to separa te  the  two races.  

Nine onion (Alium cepa L.) cultivars tested 
were  nonhos ts  o r  p o o r  hosts (R = 0 -0 .2 )  
fo rM.  chitwoodi race  2 (Table  1). In  a n o t h e r  
test, these  on ion  cultivars were  also shown 
to be  nonhos t s  o r  p o o r  hosts for  M. chit- 
woodi race 1 (Table  2). A similar  reac t ion  
o f  these onions  to M. hapla was also ob- 
served (unpubl.) .  

T w o  field co rn  ( Idahybr id  303, N o r t h -  
r u p  King 497) and  one  sweet co rn  ( Jubi lee)  
cult ivars were  sui table hosts for  M. chit- 
woodi race 2 (Table  1). Previously these corn  
variet ies were  r e p o r t e d  to be  p o o r  hosts 
for  M. chitwoodi race  1 (7). All t h r ee  corn  
cultivars were  re tes ted  with M. chitwoodi 
races 1 and  2. Several  o the r  sweet  co rn  
cultivars were  also tested.  In  the  second 
test, Jubi lee  sweet corn  was a m o d e r a t e  host  
(R = 1 . 9 ) f o r  M. chitwoodi race  1 and  the  
two field co rn  cult ivars were  suitable hosts 
(Table  2) to this race,  con t r a ry  to a pre-  
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TABLE 1. Reproductive factor (R) ofMeloidogyne chitwoodi race 2 (alfalfa race) on several plant species. 

Host 
Scientific name Common name Horticultural variety R (Pf/Pi) statusJ" 

Chenopodiaceae 
Beta vulgaris 

Cruciferae 
Raphanus sativus 
Brassica rapa 

Cucurbitaceae 

Citrullus vulgaris 

Graminae 

Avena sativa 
Hordeum vuIgare 
Sorghum vulgate 
Triticum aestivum 

Zea mays 

Labiatae 
Mentha cardiaca 

Legumin/~sae 
Arachis hypogaea 
Phaseolus limensis 
Phaseolus vulgaris 

Pisum sativum 

Vigna unguiculata 
Trifolium pratense 
Medicago sativa 

Liliaceae 

Alium cepa 

Asparagus o2ficinalis 

Malvaceae 
Gossypium hirsutum 

Rosaceae 
Fragaria chiloensis 

Solanaceae 

Capsicum annuum 
Lycopersicon esculentum 
Solarium melongena 

Sugar beet 

Fodder radish 
Turn i  p (Hyh.) 

Watermelon 

Oat  
Barley 
Sudangrass 
Wheat  (spring) 
Wheat  (winter) 
Field corn 

Sweet corn 

U&I Hybrid No. 9 0.4 PH 

Nerus 0.8 PH 
Forage Star 0.0 NH 

Charleston Grey < 0.1 NH 

Park 24.5 SH 
Boyer 13.4 SH 

0.4 PH 
Fielder 36.8 SH 
Nugaines 17.3 SH 
Idahybrid 303 12.1 SH 
Nor thrup  King 497 6.9 SH 
Pioneer 3232 8.6 SH 
Candy Bar 1.7 MH 
Jubilee 5.8 SH 
Kandy Kiss 0.9 PH 
Style Pak 1.4 MH 
Style Sweet 2.1 SH 
Sweet Too th  0.8 PH 
Sweet Trea t  9.0 SH 

Spearmint Scotch 0.0 NH 

Peanut  
Lima bean 
Snap bean 
Bean 
Garden pea 

Cowpea 
Red clover 
Alfalfa 

Onion 

Asparagus 

Cotton 

Strawberry 

Pepper 
Tomato  
Eggplant 

F lorrunner  0.0 NH 
Henderson Baby Bush 0.0 NH 
Apollo 94.4 SH 
Blue Mountain 130.8 SH 
Dark Skin Perfection 39.5 SH 
Alaska 6.8 SH 
California Black Eye No. 5 0.0 NH 

17.8 SH 
T h o r  6.6:~ SH 

Carmen < 0.1 NH 
Cima 0.0 NH 
Granada 0.0 NH 
Magnum < 0.1 NH 
Rocket < 0.1 NH 
Snow White 0.2 PH 
Vega < 0.1 NH 
Walla Walla Sweet 0.2 PH 
Yula < 0.1 NH 
Mary Washington 0.0 NH 

Delta Pine 16 < 0.1 NH 

Quinault  0.0 NH 

California Wonder  < 0.1:1: NH 
Columbian 47.3~ SH 
Ichiban 0.2 PH 
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Host 
Scientific name Common name Horticultural variety R (Pf/Pi) status]. 

Umbe l l i f e rae  

Daucus carota C ar ro t  Re d  Cored  C h a n t e n a y  < 0.1 N H  
Gold Pak 0.0 N H  
I m p e r a t o r  58 < 0.1 N H  

Average of five replicates. 
]. R = 0-0.09, nonhost (NH); R = 0.1-0.9, poor host (PH); R = 1-2, moderate host (MH); R > 2, suitable host (SH). 
~: Average of five experiments. 

vious report (7). Again, the discrepancy may 
be due to different methods used. 

Of  the remaining sweet corn cultivars, 
three (Candy Bar, Style Pak, and Sweet 
Tooth) consistently supported lower re- 
production (R = 0.8-1.7) of both M. chit- 
woodi races than other corn cultivars tested 
(Tables 1, 2). More than 40,000 acres of  
sweet corn are grown in Washington an- 
nually (13), and a good portion of this 
acreage is rotated with potato in the Co- 
lumbia Basin where M. chitwoodi infestation 
is widespread. Our greenhouse observa- 

TABLE 2. Reproduc t ive  fac tor  (R) o f  M. chitwoodi 
race  1 on  selected c rop  cul t ivars  55 days a f te r  inoc- 
u la t ion  with 5,000 eggs.  

Common R Host 
name Horticultural variety (Pf/Pi) status]" 

Suga rbee t  0.2 P H  
Field co rn  Idahybr id  303 6.5 SH 

N o r t h r u p  King  497 2.2 SH 
Sweet  corn  Candy  Bar  1.1 M H  

Jub i l ee  1.9 M H  
Kandy  Kiss 6 .4  SH 
Style Pak 1.1 M H  
Style Sweet  2.1 SH 
Sweet  T o o t h  1.2 M H  
Sweet T r e a t  16.9 SH 

O n i o n  C a r m e n  0.0 N H  
Cima 0.0 N H  
G r a n a d a  0.0 N H  
M a g n u m  0.03 N H  
Rocke t  0.0 N H  
Snow W h i t e  0.0 N H  
Vega  0.07 N H  
Walla  Walla Sweet 0.0 N H  
Yula 0.05 N H  

Car ro t  R ed  C ored  C h a n t e n a y  4.4 SH 
Gold  Pak 1.3 M H  
I m p e r a t o r  58 11.6 SH 

Average of five replicates 
]. R = 0-0.09, nonhost (NH); R = 0.1-0.9, poor host (PH); 

R = 1-2, moderate host (MH); R > 2, suitable host (SH). 

tions suggest that some of  the sweet corn 
cultivars may be useful in rotation with po- 
tato to reduce M. chitwoodi field population. 
Presently, M. chitwoodi races are being 
monitored on several sweet corn cultivars 
under field conditions. 

Differential host test: All M. chitwoodi and 
M. hapla populations successfully repro- 
duced on tomato; R values on this host 
were 2.6-102.8. Pepper inoculated with M. 
chitwoodi and wheat plants with M. hapla 
remained uninfected. M. hapla and the two 
M. chitwoodi race 1 populations (WAMC1, 
WAMC 11) successfully reproduced on Red 
Cored Chantenay carrot; R values for these 
three populations were 54.7, 9.0, and 10.7, 
respectively. Conversely, reproduction of  
M. chitwoodi race 2 populations on carrot 
was variable. Carrot failed to sustain the 

TABLE 3. Reproduc t ive  fac tor  (R) o f  several  field 
isolates o f  M. chitwoodi popu la t ions  and  M. hapla on  
Red Cored  C h a n t e n a y  car ro t  55 days a f te r  inoculat -  
ing  with 5,000 eggs.  

Metoidogyne Race R (Pf/Pi) on 
populations designation]" carrot~ 

M. hapla 54.9 

M. chitwoodi 

W A M C 1  1 10.7 
W A M C 1 1  1 9.0 
C O M C 1  2 7.2 
O R M C 4  2 1.1 
O R M C 5  2 0.05 
I D MC3 2 0.05 
O R M C 3  2 0.04 
W A M C 7  2 0.01 
W A  MC 10 2 0.01 
W A M C  15 2 0.01 
W A M C 6  2 < 0.01 
O R M C 8  2 < 0.01 

]. From Pinkerton et al. (9). 
:~ Average of four replicates. 
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TABLE 4. Egg mass indices and reproductive fac- 
tor (R) of single egg mass isolates of selected Meloi- 
dogyne chitwoodi populations on Thor alfalfa and Red 
Cored Chantenay carrot 55 days after inoculating with 
5,000 eggs. 

Alfalfa Carrot 

M. chit- Repro- Repro- 
woodi Egg ductive Egg ductive 

popula- mass factor mass factor 
tions index~" (Pf/Pi) i ndex~  (Pf/Pi) 

WAMC1 0.0b 0.0b 4.0a 2.2a 
ORMC4 0.0b 0.0b 5.0a 1.3a 
COMC1 4.6a 9.5a 2.0b 0.1b 
ORMC8 5.0a 7.0a 1.8b <0 .01b  

Average of five replicates. Averages in each column fol- 
lowed by the same letter are not significantly different at P = 
0.05 according to Duncan's multiple-range test. 

t Egg masses were indexed according to Hartman and Sas- 
ser (3). 

in i t ia l  i n o c u l u m  level  o f  e igh t  p o p u l a t i o n s  
(R = 0 . 0 0 8 - 0 . 0 5 ) ,  b u t  C O M C 1  a n d  
O R M C 4 ,  p r ev ious ly  r e p o r t e d  to  i nc r ea se  
on  alfa l fa  a n d  d e s i g n a t e d  as M. chitwoodi 
r ace  2 (9), i n c r e a s e d  o n  ca r ro t s  ( T a b l e  3). 
S ing le  egg  mass c u l t u r e  of  these  t w o  pop-  
u l a t i o n s  a l o n g  wi th  W A M C 1  (race 1) a n d  
O R M C 8  (race 2) we re  r e t e s t e d  on  c a r r o t  
a n d  c lona l  T h o r  alfalfa.  S ing le  egg mass  
cu l t u r e s  o f  W A M C 1  a n d  O R M C 4  aga in  
i n c r e a s e d  o n  ca r ro t s  b u t  fa i led  to i nc r ea se  
on  alfalfa  ( T a b l e  4). Conve r se ly ,  C O M C 1  
a n d  O R M C 8  fai led to inc rease  o n  ca r ro t s  
(R = 0 - 0 . 2 )  b u t  r e p r o d u c e d  o n  alfalfa  (R 
-- 3 -7) .  T h e s e  resul ts  ind ica te  tha t  C O M C  1 
a n d  O R M C 4  c o n t a i n e d  b o t h  M. chitwoodi 
races.  D e t e c t i o n  o f  these  m i x e d  races  o f  M. 
chitwoodi o n  alfalfa a l o n e  was n o t  possible .  

Da ta  f r o m  this s tudy  a n d  field tr ials  (un-  
publ . )  show tha t  the  d i f f e ren t i a l  r e s p o n s e  
o f  R e d  C o r e d  C h a n t e n a y  c a r r o t  t o w a r d  
race  1 a n d  race  2 o f  M. chitwoodi is consis-  
t en t .  T h e r e f o r e ,  to s epa ra t e  M. hapla a n d  
the  M. chitwoodi races ,  we p r o p o s e  to add  
Red  C o r e d  C h a n t e n a y  c a r r o t  a n d  T h o r  al- 
falfa to the  d i f f e ren t i a l  hos t  list r e p o r t e d  
by Nyczep i r  e t  al. (6). T h e s e  d i f f e ren t i a l  
h o s t s - - N u g a i n e s  whea t ,  C a l i f o r n i a  W o n -  
d e r  p e p p e r ,  T h o r  alfalfa,  Red  C o r e d  C h a n -  
t e n a y  c a r r o t  a n d  C o l u m b i a n  t o m a t o - - a r e  
d e r i v e d  f r o m  seeds a n d  a re  easy to g row 
in  a g r e e n h o u s e .  F u r t h e r m o r e ,  r e a c t i o n  o f  
M. hapla a n d  M. chitwoodi races  on  these  

TABL~ 5. Response of differential hosts to Meloi- 
dogyne hapla and M. chitwoodi races. 

Differential host reactions 

Wheat Pepper Alfalfa Carrot Tomato 

M. hapla - ~ + + + + 

M. chitwoodi 
Race 1 + - - + + 

Race 2 + - + - + 

Wheat, Nugaines; pepper, California Wonder; alfalfa, Thor; 
carrot, Red Cored Chantenay; tomato, Columbian. + = the 
ability of root-knot nematode species to maiutain a repro- 
ductive factor > 1 by 55 days. 

p l an t s  ( T a b l e  5) is d i s t inc t  a n d  d e p e n d a b l e .  
T h u s  this  test,  a l o n g  wi th  sa l ien t  m o r p h o -  
logical cha rac te r s  o f  these  n e m a t o d e  species 
(6), will be  usefu l  (3) for  i den t i f i c a t i on  o f  
the  d i f f e r e n t  species a n d  races ,  especial ly  
w i th in  c o n c o m i t a n t  p o p u l a t i o n s .  

T o  separa te  M. hapla a n d  M. chitwoodi 
races  f r o m  the  t h r e e  m a j o r  r o o t - k n o t  
n e m a t o d e  species (M. incognita, M. javanica, 
a n d  M. arenaria), Citrullus vulgaris S c h r a d  
cv. C h a r l e s t o n  G r e y  w a t e r m e l o n ,  a n o n -  
hos t  to M. hapla (2) a n d  M. chitwoodi races  
(7), can  be  a d d e d  to the  d i f f e ren t i a l  hos t  
list (6). 
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