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Pathological Reaction of Crested Wheatgrass Cultivars to 
Four Meloidogyne chitwoodi Populations 1 

G. D. GRIFFIN AND K. H. ASAY 2 

Abstract: Meloidogyne chitwoodi populations from Tulelake, California; Ft. Hall, Idaho; Beryl, Utah; 
and Prosser, Washington, significantly (P < 0.05) reduced dry shoot weights of crested wheatgrass 
(Agropyron cristatum L., Gaertn. and A. desertorum, Fisch. ex Link, Schult.) cultivars Hycrest, Fairway, 
and Nordan in experiments conducted in a greenhouse and growth chamber. Shoot growth depres- 
sion, root galling, and nematode reproduction indices were greatest (P < 0.05) on plants inoculated 
with 5,000 eggs/plant. Nematode populations from Tulelake, Ft. Hall, and Beryl significantly (P 
< 0.05) reduced the growth of the three grass cultivars at 15, 20, 25, and 30 C; the greatest 
reductions occurred at 20 and 25 C. There were significant differences in the virulence of the 
nematode populations at high (30 C) and low (15 C) soil temperatures. At 15 C, plant growth was 
reduced more by the Beryl and Tulelake than by the Ft. Hall population; whereas at 30 C, the Ft. 
Hall population was more virulent than the Beryl and Tulelake populations. Root galling and 
nematode reproduction were greater on plants inoculated with Beryl and Tulelake populations at 
15 C than on plants inoculated with the Ft. Hall population, while the Ft. Hall population had the 
most pronounced effects at 30 C. 

Key words: Agropyron cristatum, Agropyron desertorum, Columbia root-knot nematode, crested wheat- 
grass, resistance, reproductive index, root gall rating, susceptibility, temperature. 

T h e r e  are  m o r e  t han  155 mill ion hect-  
ares  o f r a n g e l a n d s  in the  e ight  states o f  the  
I n t e r m o u n t a i n  reg ion  which p rov ide  es- 
sential fo rage  fo r  livestock. In  addit ion,  
these  r ange lands  p rov ide  habi ta t  for  wild- 
life and  have  i m p o r t a n t  rec rea t iona l  qual- 
ities. Unfo r tuna t e ly ,  only  14% o f  these 
r ange lands  are  classified in good  condi t ion  
or  a re  p r o d u c i n g  within 60% of  the i r  nat- 
ura l  po ten t ia l  (17). In  genera l ,  r ange lands  
can be u p g r a d e d  by be t t e r  m a n a g e m e n t  or  
by rep lac ing  exist ing vege ta t ion  with im- 
p r o v e d  grasses, forbs ,  and  shrubs.  Reveg-  
e ta t ion  with super io r  fo rage  grasses is a 
r e l a t i v e l y  e c o n o m i c a l  a n d  l o n g - l a s t i n g  
means  o f  i m p r o v i n g  dep le ted  rangelands .  
B reed ing  p r o g r a m s  to deve lop  super io r  
p lant  mater ia ls  for  this pu rpose  have  re- 
ceived increas ing emphas is  du r ing  the  past  
decade  (1-3).  

Plant-parasi t ic  n e m a t o d e s  can substan- 
tially r educe  the  longevi ty  and  product iv i ty  
o f  pe renn ia l  grasses on  semiar id  range-  
lands in the  West (6). Several  species o f  
roo t -kno t  n e m a t o d e s  a re  associated with 
the  g rowth  o f  grasses (4,6,13,14).  T h e  Co- 
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lumbia  roo t -kno t  n e m a t o d e ,  Meloidogyne 
chitwoodi Golden,  O ' B a n n o n ,  Santo  & Fin- 
ley, is associated with several  p lant  species, 
including grasses tha t  have  b e e n  deve loped  
f o r  r a n g e l a n d  i m p r o v e m e n t  (9,1 1,13). 
Races ofMeloidogyne spp., inc ludingM, chit- 
woodi popula t ions ,  have  been  d i f fe rent ia ted  
(7,12,15). Soil t e m p e r a t u r e  may affect  the  
re la t ionship  be tween  M. chitwoodi and  p lant  
g rowth  (5,8,16). 

T h e  object ive  o f  this s tudy was to deter -  
mine the effect o f  different  popula t ions  and  
inoculum levels o f  M. chitwoodi on the  
g rowth  o f  cres ted  wheatgrass  (Agropyron 
cristatum L., Gaer tn .  and  A. desertorum, 
Fisch. ex Link, Schuh.)  and  the  effects o f  
t e m p e r a t u r e  on the  hos t -pa r a s i t e  re la t ion-  
ship. 

MATERIALS AND METHODS 

Nematode inocula: Meloidogyne chitwoodi 
popula t ions ,  t aken  f r o m  po ta to  (Solanum 
tuberosum L.), nea r  Tule lake ,  Cal i fornia  
(CA); Ft. Hall ,  I d a h o  (ID); Beryl,  U t a h  
(UT);  and Prosser,  Wash ing ton  (WA), were 
used in g r e e n h o u s e  and  g rowth  c h a m b e r  
exper iments .  Popula t ions  were  r e a r e d  on 
wheat  (Triticum aestivum L. cv. Nugaines)  
in a g r e e n h o u s e  to obta in  inocula. Inocu-  
lum (eggs) was col lected by a NAOC1 meth -  
od  (10). 
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FIG. I. Growth of three cultivars of crested wheat- 
grass at three inoculum levels of four populations of 
Meloidogyne chitwoodi in a greenhouse at 24 + 3 C 
compared with uninoculated controls. LSD (P < 0.05) 
= 0.14 and 0.19 for differences in dry shoot weight 
among cultivars inoculated with the same nematode 
population, and 0.11 and 0.16 among nematode pop- 
ulations on the same cultivar, at Pi of 1,000 and 5,000 
eggs and J2 per plant, respectively. 

Greenhouse experiment: Seed l ings  ( 2 - 5 -  
m m  radicle)  o f  t h r e e  c r e s t ed  whea tg ra s s  
cu l t iva rs  (Agropyron cristatum × A. deserto- 
rum cv. Hycres t ;  A. cristatum cv. Fa i rway;  
a n d  A. desertorum cv. N o r d a n )  we re  p l a n t e d  
i n t o  i n d i v i d u a l  6 - cm-d  plast ic  c o n e t a i n e r s  
c o n t a i n i n g  540  cm ~ s team pas t eu r i zed  sandy 
l o a m  soil (85% sand ,  8% silt, 7% clay, p H  
7.1). A f t e r  35 days g rowth ,  each  s eed l i ng  

5,000 H. CHITWOOD[ EGGS/PLANT 

FIG. 2. Root galling of three cultivars of crested 
wheatgrass at two inoculum levels of four populations 
ofMeloidogyne chitwoodi in a greenhouse at 24 + 3 C 
(1 = no galling; 6 = 80-100% root tissue galled). LSD 
(P < 0.05) = 0.9 and 1.3 for differences in root galling 
indices among cultivars inoculated with the same 
nematode population, and 0.7 and 1.1 for differences 
among nematode populations on the same cultivar, 
at Pi of 1,000 and 5,000 eggs and J2 per plant, re- 
spectively. 

was i n o c u l a t e d  wi th  e i t h e r  0, 1 ,000,  or  
5 ,000  eggs o f  o n e  o f  the  f o u r  n e m a t o d e  
p o p u l a t i o n s .  Eggs in  a n  a q u e o u s  suspen-  
s ion o f  d e i o n i z e d  w a t e r  we re  p o u r e d  i n to  
f o u r  ho les  10 cm d e e p  in  t he  soil a r o u n d  
the  hypoco ty l  base.  

C o n e t a i n e r s  we re  m a i n t a i n e d  at  a g r e e n -  
h o u s e  t e m p e r a t u r e  o f  24 + 3 C. Supp le -  
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FIG. 3. Nematode reproductive index (R) (Pf/Pi) 
of  two levels of  inoculum of  four populations of  Me- 
loidogyne chitwoodi on three cultivars of crested wheat- 
grass in a greenhouse at 24 + 3 C. LSD (P < 0.05) 
= 2.8 and 3.4 for differences in reproductive index 
among cultivars inoculated with the same nematode 
population, and 3.2 and 3.8 among nematode popu- 
lations on the same cultivar, at Pi of  1,000 and 5,000 
eggs and J2 per plant, respectively. 

mental light for a 19-hour daylength was 
provided by high-output fluorescent lamps. 
Treatments (one plant per conetainer) were 
arranged in a randomized complete block 
design with 12 replications. Plants were 
wate red  daily and fert i l ized monthly .  
Shoots were clipped after 56, 112, and 169 
days of  growth. At termination of the ex- 
pe r imen t  (169 days), total shoot dry 

weights, root galling (1 = no galling; 6 = 
80-100% root tissue galled), and the nema- 
tode reproductive index (final nematode 
populat ion per  p lan t / in i t i a l  n e m a t o d e  
population per plant) were determined (10) 
and data were recorded and subjected to 
analyses of variance. 

Growth chamber experiment: Crested 
wheatgrass plants described in the green- 
house study were inoculated with the UT,  
ID, and CA nematode populations at 0, 
1,000, or 5,000 eggs per plant. Temper-  
atures were maintained at 15, 20, 25, or 
30 C (+ 1 C) and a 19-hour daylength was 
provided by high-output fluorescent lamps. 
Treatments  were arranged in a random- 
ized complete block with five replications. 
Shoot clippings were made at 56 days and 
115 days (plant harvest). At termination of 
the experiment, plant weight and nema- 
tode galling and reproduction were ob- 
tained and analyzed as in the greenhouse 
studies. 

RESULTS AND DISCUSSION 

Greenhouse experiment." M. chitwoodi pop- 
ulations at both inoculum levels signifi- 
cantly (P'< 0.05) reduced shoot dry weights 
of  Hycrest, Fairway, and Nordan crested 
wheatgrass (Fig. 1). The greatest depres- 
sion in shoot growth occurred on plants 
inoculated with 5,000 eggs per plant. The  
root galling and nematode reproduction 
patterns were correlated with the inocu- 
lum level (Figs. 2, 3); maximum indices were 
on plants inoculated with 5,000 eggs per 
plant. 

Growth chamber experiment: The M. chit- 
woodi CA, ID, and UT  populations signif- 
icantly (P < 0.05) reduced the growth of 
the three grass cultivars at each of the four 
temperature regimes; the greatest shoot 
growth depression occurred on plants in- 
oculated with 5,000 eggs per plant (Fig. 4). 
Population virulences were similar at all 
soil temperatures at an inoculum level of  
1,000 eggs per plant, but differed at high 
and low soil temperatures at an inoculum 
level of  5,000 eggs per plant. At 15 C, shoot 
dry weight of  plants parasitized by 5,000 
eggs per plant of  the UT  and CA popu- 
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Growth of three cultivars of crested wheatgrass at three inoculum levels of  three populations of FIG. 4. 
Meloidogyne chitwoodi at four different growth chamber temperatures compared with uninoculated controls. 
LSD (P < 0.05) = 0.14 and 0.24 for differences in dry shoot weight between cultivars at the same temperature 
and nematode population, 0.17 and 0.22 between temperatures for the same cultivar and nematode population, 
and 0.20 and 0.26 between nematode populations for the same temperature and cultivar, at Pi of 1,000 and 
5,000 eggs and J2 per plant, respectively. 
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171G. 5. Root  gall ra t ing (1 = no galling; 6 = 80-100% roo t  tissue galled) of  two inoculum levels o f  th ree  
populat ions  ofMeloidogyne chitwoodi on th ree  cultivars o f  cres ted  wheatgrass at four  different  growth  chamber  
tempera tures .  LSD (P < 0.05) = 1.0 and 1.4, for  differences in root  galling indices be tween  cultivars at the  
same t empera tu r e  and nema tode  populat ion,  1,6 and 1.8 be tween  t empera tu res  for  the  same cultivar and 
nem a tode  populat ion,  and 2.0 and 2.3 be tween  nema tode  populat ions for the  same t empera tu re  and cultivar, 
at Pi o£ 1,000 and 5,000 eggs and  J2 pe r  plant,  respectively. 
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FIG. 6. Nematode reproductive index (R) (Pf/Pi)  of two levels of inoculum of  three  populations of Me- 
loidogyne chitwoodi on three  cultivars of  crested wheatgrass at four different growth chamber temperatures.  
LSD (P < 0.05) = 1.9 and 2.4 for differences in reproductive index between cultivars at the same temperature  
and nematode population, 2.8 and 3.3 between temperatures for the same cultivar and nematode population, 
and 2.6 and 2.9 between nematode populations for the same temperature  and cultivar, at Pi of 1,000 and 
5,000 eggs and J2  per  plant, respectively. 
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l a t ions  was r e d u c e d  m o r e  t h a n  t h a t  o f  p l an t s  
p a r a s i t i z e d  b y  t h e  I D  p o p u l a t i o n ;  w h e r e a s  
a t  30 C, 5 ,000  eggs  o f  t h e  I D  p o p u l a t i o n  
p e r  p l a n t  c a u s e d  t h e  g r e a t e s t  r e d u c t i o n  in 
s h o o t  d r y  we igh t .  

As  w i th  t h e  g r e e n h o u s e  b e n c h  s tudy ,  t h e  
r o o t  g a l l i n g  a n d  n e m a t o d e  r e p r o d u c t i o n  
p a t t e r n s  w e r e  c o r r e l a t e d  w i th  t h e  i n o c u -  
l u m  level  (Figs .  5, 6). T h e  m a x i m u m  r o o t  
g a l l i n g  a n d  n e m a t o d e  r e p r o d u c t i o n  w e r e  
o n  p l a n t s  i n o c u l a t e d  w i th  5 ,000  eggs  p e r  
p l a n t ,  a n d  r o o t  gal l  r a t i n g s  a n d  n e m a t o d e  
r e p r o d u c t i v e  i nd i ce s  d i f f e r e d  a m o n g  t h e  
n e m a t o d e  p o p u l a t i o n s .  G a l l i n g  a n d  r e p r o -  
d u c t i o n  o f  t h e  U T  a n d  C A  p o p u l a t i o n s  we re  
g r e a t e r  t h a n  t h o s e  o f  t h e  I D  p o p u l a t i o n  at  
15 C, w h e r e a s  g a l l i n g  a n d  r e p r o d u c t i o n  o f  
t h e  I D  p o p u l a t i o n  w e r e  g r e a t e r  t h a n  t h o s e  
o f  t h e  U T  a n d  C A  p o p u l a t i o n s  a t  30 C. 

P a t h o l o g i c a l  d i f f e r e n c e s  in  t h e  v i r u l e n c e  
a n d  r e p r o d u c t i o n  o f  M. chitwoodi f r o m  dif-  
f e r e n t  l o c a t i o n s  a p p a r e n t l y  r e f l e c t  d i f f e r -  
e n c e s  in e n v i r o n m e n t a l  c o n d i t i o n s .  D a t a  
a r e  n o t  a v a i l a b l e  o n  n e m a t o d e  r e p r o d u c -  
t i o n  ( g e n e r a t i o n s  p e r  y e a r )  o f  M. chitwoodi 
f r o m  T u l e l a k e .  T h e r e  a re ,  h o w e v e r ,  2 - 3  
n e m a t o d e  g e n e r a t i o n s  p e r  y e a r  a t  Ft .  H a l l  
(5), a n d  o n e  g e n e r a t i o n  p e r  y e a r  a t  B e r y l  
(Gr i f f in ,  u n p u b l . ) .  T h e s e  d i f f e r e n c e s  c o u l d  
a c c o u n t  f o r  t h e  a d a p t a t i o n s  o f  n e m a t o d e  
p o p u l a t i o n s  to  d i f f e r e n t  soil  t e m p e r a t u r e s .  
T h e  u n i f o r m  r e s p o n s e  to  M. chitwoodi in-  
d i c a t e s  t h e s e  t h r e e  c r e s t e d  w h e a t g r a s s  cul-  
t i va r s  a r e  n o t  r e s i s t a n t  to  M. chitwoocli. T h e  
g e n e t i c  sys t ems  c o n d i t i o n i n g  t h e i r  h o s t -  
p a r a s i t e  r e l a t i o n s h i p  a r e  a p p a r e n t l y  n o t  r e -  
l a t e d  to  t h o s e  f ac to r s  a f f ec t ing  p l a n t  g r o w t h  
a n d  e n v i r o n m e n t a l  a d a p t a b i l i t y .  

Meloidogyne chitwoodi can  p a r a s i t i z e ,  r e -  
p r o d u c e  a n d  s t u n t  t h e  g r o w t h  o f  c r e s t e d  
w h e a t g r a s s ,  w h i c h  is o n e  o f  t h e  m o s t  p r e v -  
a l e n t  c o o l - s e a s o n  g rasses  o n  w e s t e r n  r a n g e -  
lands .  I d e n t i f y i n g  g e r m p l a s m  r e s i s t a n t  to  
M. chitwoodi a n d  i n c o r p o r a t i n g  t h e  a p p r o -  
p r i a t e  r e s i s t a n c e  f a c t o r s  i n t o  i m p r o v e d  cul-  
t i va r s  w o u l d  r e s u l t  in v a l u a b l e  r a n g e l a n d  
g ra s se s  f o r  n e m a t o d e - i n f e s t e d  a reas .  
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