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Abstract: Studies were conducted  to exami ne  unde r  differing t empera tu res  (12, 16, 20, 24, 28, 
and  32 C) the  pene t ra t ion  anti deve lopmen t  of  Meloidogyne hapla in res is tant  l ines '298' and  
'Nev. Syn XX' ,  and  suscept ible  ' L a h o n t a n '  and  'Range r '  hardy- type  alfalfas. T h e  resul ts  ind ica ted  
that  resistance to M. hapla was s imilar  to tha t  previously  described for M. incognita in n o n h a r d y  
alfalfa. A l t h o u g h  init ial  pene t ra t ion  in res is tant  seedlings was s imilar  to tha t  of  suscept ible  
seedlings, nema tode  larvae failed to establ ish and  develop in root t issues and  nema tode  n u m b e r s  
subsequen t ly  declined.  In  suscept ible  seedlings,  n e m a t ode  deve lopmen t  proceeded rapidly,  and  
egg p roduc t ion  began after  5 weeks. T e m p e r a t u r e  had  little influence on the  n e m a t o d e  develop- 
men t  except  to slow the  response at the  lower tempera tures .  O the r  s tudies  were conduc ted  to 
verify a previously  repor ted  i m m t m e  (no pene t ra t ion)  react ion to M. hapla by the 'Vernal '  
selection 'M-4'.  W h e n  compared  to the  res is tant  (pene t ra t ion  wi thou t  nema tode  deve lopment )  
Vernal  selection 'M-9'  u n d e r  differing t empera tu res  (20, 24, 28, and  32 C), each selection was 
equal ly  pene t ra ted  by M. hapla bu t  at a lower level t h a n  in suscept ible  R a n g e r  cut t ings.  
General ly,  no root  gal l ing was observed in e i ther  M-4 or M-9; however,  very s l ight  gal l ing was 
found  35 days after  inocula t ion  on  abou t  50% of these cut t ings  when  grown at  32 C. Key 
Words: root -knot  nematode ,  Medicago sativa, t empera tu re .  

T h e  nor thern root-knot nematode 
Meloidogyne hapla Chitwood is prevalent 
in the cool areas of the U.S. where dormant  
or hardy alfalfa Medicago sativa L. is 
grown, whereas the southern root-knot 
nematode M. incognita Chitwood is found 
in the warm southwestern and southeastern 
areas where nondormant  or nonhardy 
alfalfa is grown (4). Resistance to M. 
incognita was demonstrated in the alfalfa 
cultivar 'African' and other nonhardy 
cultivars in 1955 by Reynolds (6). Later, 
Reynolds, Carter, and O'Bannon (7) studied 
tile penetration,  development,  and migra- 
tion of M. incognita in resistant (African, 
Moapa, and Sonora) and susceptible 
(Lahontan) cultivars. They  found that M. 
incognita larvae entered both  resistant and 
susceptible seedlings in approximately the 
same numbers, but  after 7 days there was 
a sharp reduction in the number  of 
nematodes in resistant seedlings with no 
subsequent nematode development.  In 
susceptible seedlings, larvae became seden- 
tary and developed to maturity.  

Resistance to M. hapla was discovered 
by Stanford et al. (8) in selections of the 
hardy cultivar 'Vernal'; and the develop- 
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ment of a root-knot nematode resistant line 
was described by H u n t  et al. (5). Goplen 
and Stanford (1) characterized resistant $1 
plants of the Vernal selection 'M-4' as being 
immune to penetrat ion by M. hapla when 
they were examined 7 days after inocula- 
tion. Later, Griffin (2) found that roots of 
another  resistant Vernal selection, 'M-9', 
were slightly galled when it was grown at 
temperatures of 20 and 25 C for 60 days 
following inoculation. No at tempt  has been 
made to trace the development  of M. hapla 
in resistant and susceptible hardy alfalfa 
from penetrat ion to matur i ty  as was done 
for M. incognita in nonhardy alfalfa (7). 

In the research reported herein, we ex- 
amined (under differing temperatures) the 
penetrat ion and development  of M. hapla 
in resistant and susceptible dormant  alfalfa 
seedlings. 

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

Resistant cultivars used in this study 
were 'M-9', 'M-4', '298'--a resistant clone of 
M-9, and 'Nev. Syn X X ' - a  selection from 
'M-7', and 'I-167'. M-9, M-7, and M-4 are 
selections from Vernal by Stanford et al. 
(8), and 1-167 is a selection from Vernal by 
Carnahan (5). M-9, M-7, and 1-167 are 
described as having simplex resistance to 
M. hapla. 

Penetration and development of M. 
hapla in roots of resistant and susceptible 
alfalfas under differing temperatures: 
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Fourteen-day-old alfalfa seedlings of the 
resistant line 298 and the susceptible cul- 
tivar Ranger were planted singly into 20 x 
70-mm vials containing Provo sand (a 
fine, sandy loam soil; moisture holding 
capaci ty= 17 %) previously fumigated with 
methyl bromide. Each seedling was inocu- 
lated with 200 M. hapla larvae which were 
collected from a Utah populat ion cultured 
on tomato plants (Lycoperscion esculentum 
Mill.). Following inoculation, plants were 
grown in growth chambers at 12, 16, 20, 24, 
28, and 32 C. T e n  replicates (vials) of each 
entry were harvested from each temperature 
after 2, 4, 6, 8, 12, and 16 days. T h e  roots 
were stained in acid fuchsin-lactophenol 
solution, and the numbers of root-knot 
la rvae/p lant  were determined by using a 
stereomicroscope. 

In a second experiment,  germinated 
seed of either Nev. Syn XX or Lahontan  
were planted into eighteen, lO-cm plastic 
pots o[ steamed, very fine, sandy loam soil 
(10 seeds/pot). Each seed was inoculated 
with 500 M. hapla larvae of a Washington 
State populat ion cultured on tomato, and 
the pots were placed in a growth chamber 
at 20 C. T w o  pots of each entry were 
removed weekly for 9 weeks, and nematode 
penetrat ion and development  were deter- 
mined by the method described in the 
previous experiment.  

Nematode penetration of M-4 under 
differing temperatures: Three-week-old 
cuttings of immune M-4, M-9 [reported as 
resistant but  not  immune to penetrat ion 
(2)], and the susceptible cultivar Ranger  
were inoculated with 200 M. hapla larvae. 
Plants were grown singly in fumigated 
Provo sand in l-liter polyethylene contain- 
ers in a greenhouse temperature (22 -+ 4 C). 
Twen ty  plants of each selection were 
harvested after 14 and 28 days and number  
of nematodes /p lan t  was determined by the 
method previously described. 

In an experiment  using different tem- 
peratures, 3-week-old cuttings of M-4, M-9, 
and Ranger plants were transplanted singly 
in l-liter polyethylene containers of Provo 
sand. Each plant was inoculated with 200 
M. hapla larvae and grown in greenhouse 
water baths at 20, 24, 28, and 32 C. Six 
plants of each selection were harvested from 
each temperature after 4, 8, and 16 days, 
and the numbers of nematodes /p lant  were 

determined. Ths  experiment  was repeated 
except that twenty 8-week-old cuttings of 
each alfalfa type were each inoculated with 
1,000 M. hapla larvae. Th e  plants were 
harvested after 35 days and root-knot 
galling was determined. 

RES U LTS  

Penetration and development of M. 
hapla in roots of resistant and susceptible 
cultivars under different temperatures: At 
day 2, nematode penetrat ion of both 298 
and Ranger alfalfa increased as temperature 
increased (Fig. 1), with maximum penetra- 
tion at 24 and 28 C, slightly lower at 20 and 
32 C, and lowest at 12 and 16 C. Penetra- 
tion was slightly but  not significantly higher 
in the Ranger seedlings than in the 298 
seedlings. Nematode numbers cont inued to 
increase slowly in the two entries unti l  day 
6; subsequently, nematode numbers at 20, 
24, 28, and 32 C in resistant line 298 
declined rapidly. At 12 and 16 C, the 
decline was more gradual, a circumstance 
indicating a slower response to the lower 
temperatures. Nematode numbers in the 
Ranger seedlings maintained the initial 
penetrat ion level or cont inued to increase 
slightly unti l  day 16 at all temperatures 
except at 32 C where a very slight decline 
was noted. Unti l  day 8, there were no sig- 
nificant differences in nematode penetrat ion 
of 298 and Ranger at any temperature with 
the exception of 12 C where significant 
differences did not occur unti l  day 12. 

In the second experiment,  M. hapla 
penetrat ion was observed in both resistant 
Nev. Syn XX and susceptible Lahontan  
roots I week after inoculation. An oc- 
casional undeveloped larva was found in 
the Nev. Syn XX roots after 2 weeks and no 
nematodes could be found thereafter. In 
the Lahontan  roots, larval development  
occurred between 2 and 6 weeks. Egg 
product ion was first observed at 5 weeks 
and many eggs were observed in the 6-9th 
weeks. 

Nematode penetration of M-4 under 
differing temperatures: T h e  Utah popula- 
tion of M. hapla penetrated M-4 as readily 
as it did M-9 cuttings in the greenhouse 
experiment  at 22 -4- 4 C; there were no 
significant differences in nematode pene- 
tration of the two cultivars (Table  1). 
Although a high percentage of M-4 and 
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DAYS AFTER INOCULATION 
FIG. 1. Effects of soil temperature on penetration of 14-day-old resistant 298 and susceptible Ranger 

alfalfa seedlings by Meloidogyne hapla larvae (in 20 x 70-ram vials). Differences in penetration of 298 and 
Range: after 12 clays at 12 C and 8 days at 16 C (P=0.05), and after 8 day's at 20, 24, 28, and 32 C (P=0.01). 

M-9 cu t t ings  (80 a n d  8 5 % ,  respect ive ly)  
was p e n e t r a t e d ,  n u m b e r s  of  n e m a t o d e s  per  
in fec ted  p l a n t  a t  14 days were  s ign i f ican t ly  
lower  for these select ions t han  for Range r .  
T h e r e  was a s l ight  decrease  of the  n e m a t o d e  
n u m b e r s  in  R a n g e r  a n d  a m a r k e d  decrease  
in the  res i s tan t  select ions M-4 a n d  M-9 
be tween  14 a n d  28 days.  T h e  pe rcen tage  of 
sexua l ly  n o n d i f f e r e n t i a t e d  la rvae  a t  14 days  
was s imi la r  for  b o t h  M-4 a n d  M-9, b u t  

s ign i f ican t ly  g rea te r  t h a n  for R a n g e r  ( T a b l e  
1). 

T h e r e  were  no  differences  in  i n i t i a l  
n e m a t o d e  p e n e t r a t i o n  a n d  subse que n t  
n e m a t o d e  n u m b e r s  in M-4 a n d  M-9 at  
20-32 C (Fig.  2). N e m a t o d e  n u m b e r s  in  
M-4 and  M-9 were  s imi l a r  b u t  s ign i f ican t ly  
lower  t han  those  of  R a n g e r  at  al l  t empera -  
tures  at  each  o[  the  th ree  da tes  [o l lowing  
i noc u l a t i on .  A n  increase  in  n e m a t o d e  
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TABLE 1. Differences in infection of resistant-alfalfa selections and a susceptible-alfalfa cultivar by 
Meloidog3,ne hapIa. 

Sexually 
Plant Plants Nematodes per nondifferentiated 

selections infected" infected plant b larvae after 
and cultivar (%) 14 days 28 days 14 days (%) 

Ranger 100 72 66 29 
M-9 c 85 23 13 74 
M-4 ~ 80 27 16 78 
LSD (P=0.05) 13 8 23 

=Forty plants of each selection inoculated with 200 larvae/plant and grown at 22 + 4 C. 
bNematode number determined for 20 plants of each selection at 14 and 28 days. 
eResistant Vernal selections. 

numbers  occurred between 4 and 16 days 
alter inoculat ion for the three entries at all 
soil temperatures.  Al though nematode 
numbers  were low for M-4 and M-9 selec- 

dons when compared  to those for Ranger,  
the increase between 4 and 16 days was 
approximate ly  a mul t ip le  of 2-3 for all 
three entries. 
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DAYS AFTER INOCULATION 
FIG. 2. Effects of soil temperature on penetration of resistant M-4 and M-9, and susceptible Ranger 

alfalfa cuttings by Meloidogyne hapla larvae (3-week-old cuttings inoculated with 200 larvae in l-liter 
containers). [Penetration of 'M-4' and 'M-9' similiar at all temperatures (P=0.01); penetration o[ 'M-4' and 
'M-9' different from that of "Ranger' after 4 days (P=0.01)]. 
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When  this exper iment  was repeated by 
using 1,000 l a rvae /p lan t  and when gall ing 
ratings were made after 35 days, severe to 
very severe galling was observed in 100% 
of the cuttings of Ranger  at temperatures  
from 20 to 32 C. No galling was observed in 
M-4 and M-9 cuttings at 20, 24, and 28 C, 
but  very slight galling was evident on 40 to 
50% of tile respective cuttings at 32 C 
(Table  2). 

DISCUSSION AND C O N C L U S I O N S  

Results of our studies of M. hapla 
infection on resistant and susceptible 
dormant  alfalfa generally paralleled those 
found for M. incognita on nondorman t  
alfalfa (7). Following initial penet ra t ion (6 
days) at temperatures  above 20 C, nematode  
larvae failed to establish and develop in 
roots of resistant selection 298 and nema- 
tode numbers  subsequently declined. At 
temperatures below 20 C, a slower, a l though 
similar, response was observed. In  suscepti- 
ble alfalfa roots, no decline in numbers  was 
observed and nematode development  oc- 
curred rapidly. T h e  resistance mechanism 
in nondorman t  and dorman t  alfalfa is 
apparent ly  similar for both  M. incognita 
and M. hapla. 

In  our  examinat ion  of M. hapla infec- 
t ion of M-4 and M-9, we found a low level 
of penetra t ion in both  selections at tem- 
peratures between 20 and 32 C. Thus,  
immuni ty  was not demonstra ted  in M-4. 
T h e  reasons for differences between these 

and previously described findings (1) may 
be a t t r ibuted to physiological differences 
between nematode populat ions  or to the 
conditions under  which observations were 
made. T h e  part ial  loss of resistance in both 
M-4 and M-9 at 32 C, as evidenced by the 
slight root  galling after 35 days, is an 
indication that  host-plant resistance may 
be altered by high temperatures.  Our  
results are in agreement  with previous 
findings on the host-parasite relat ionship 
between M. hapla and alfalfa (2). 

T e m p e r a t u r e  effects on initial penetra- 
t ion and subsequent  nematode  numbers,  
including a decline after 6 days in popula-  
tions for the resistant entry 298 but  not  for 
M-4 and M-9, can best be explained by 
differences in exper imenta l  techniques. I t  
has been shown that  M. hapla larvae are 
at tracted to alfalfa root  tissue and at tract ion 
is affected by the proximity  of the nematode  
to the root(s) (3). Since seedlings of selec- 
tion 298 were grown in small vials and M-4 
and M-9 cuttings were grown in large 
(l-liter) containers, the greater confinement 
in the vials resulted in a more rap id  
nematode penetra t ion and eventually in 
migrat ion from the 298 seedlings. 

Since Nev. Syn X X  and 298 bo th  
received resistance to M. hapla from sim- 
plex clones, we can also assume that  the 
same reaction to nematode penetra t ion 
would occur among  the two selections if 
similiar inoculat ion studies, regardless of 
p lant  age, p lant  size, container  size, or 
temperature ,  were made. 

TABLE 2. Effects of soil temperature  on pathogenicity of Meloidogyne hapla on resistant-alfalfa 
selections and a susceptible-alfalfa cultivar." 

Alfalfa selections 

Soil Rang erb M-9~ M -4~ 

temperature  % Root-knot  a % Root-knot % Root-knot  
(C) Galled index Galled index Galled index 

20 100 4.8 0 ~ 0 
24 100 5.0 0 ~ 0 
28 I 0 0  5.0 0 - -  0 
32 100 4.5 50 1.0 40 1.0 

"Eight-week-old cuttings were inoculated with 1,000 M. hapla la rvae/p lant  and readings were made after 
35 days. 
bSusceptible cultivar. 
CResistant Vernal selections. 
d0 ~ no galling; 5 = very severe galling. 
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Ultrastructure of the Anterior Body Region of 
Marine Nematode Deontostoma californicum 

I. A. SIDDIQUI and D. R. VIGLIERCHIO ~ 

Abstract: The ultrastructure of the anterior body region of the free-living marine nematode 
Deontostoma calilornicum was studied by electron microscopy. The body wall consists of a 
nine-layered cuticle, a cellular hypodermis containing eight nerve bundles, and a well-developed 
coelomyarian somatic musculature. Nerves in the dorsal, lateral, ventral, and submedian 
hypodermal chords anterior to the nerve ring were observed with regularity. Structure of 
subventral somatic setae suggests a mechanoreceptive function. The esophagus is cellular and 
consists of three marginal cells alternating with an equal number of radial muscle cells, three 
esophageal glands, and three enteric nerves. The membranes of adjacent esophageal cells are 
sinuous. Apices of the triradiate lumen are connected with the outer wall of each marginal cell 
by bands of electron-dense nonmyofibrils, whereas two types of myofilaments run radially 
between the apophyses of the lumen and the outer walls of radial cells. Each myofibril, which 
forms hemidesmosomes at both ends, is interpreted to be the morphological equivalent of one 
sarcomere. Synaptic junctions between the processes of muscles, gland cells, and axons of the 
enteric nerves are described in detail. Key Words: Electron microscopy, morphology, cuticle, 
esophagus, free-living nematode. 

M e m b e r s  o f  t h e  o r d e r  E n o p l i d a  ( to  
w h i c h  Deontostoma californicum S t e i n e r  
a n d  A l b i n ,  1933 be longs )  a r e  a m o n g  the  
m o s t  p r i m i t i v e  a n d  l a rges t  f r e e - l i v i n g  
n e m a t o d e s  k n o w n  (21). B e c a u s e  of  t h e i r  
e v o l u t i o n a r y  s ign i f i cance  a n d  l a rge  size, 
m e m b e r s  o f  th is  o r d e r  h a v e  b e e n  inves t i -  
g a t e d  e x t e n s i v e l y  b o t h  a t  t h e  m i c r o s c o p i c  
a n d  u l t r a m i c r o s c o p i c  levels  (7, 11, 12, 13, 
22, 31, 33). Deontostoma californicum 
occnrs  i n  t h e  i n t e r t i d a l  zones  a n d  is 
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a t t a c h e d  to  ho ld fa s t s  o f  t t le a l g a e  Laminaria 
digitata a n d  Egregia sp. off t h e  n o r t h e r n  
C a l i f o r n i a  coast .  H o p e  (12) i n v e s t i g a t e d  the  
m o r p h o l o g y  a n d  h i s t o l o g y  of  Thoracostoma 
( =  Deontostoma) californicum i n  d e t a i l  
a n d  i n c l u d e d  a few e l e c t r o n  m i c r o g r a p h s  o f  
t i le  b o d y  w a l l  in  a n  e x c e l l e n t  m i c r o s c o p i c  
s tudy .  L a t e r ,  H o p e  (13) d e s c r i b e d  t i le  f ine 
s t r u c t u r e  of  t i le  s o m a t i c  m u s c u l a t u r e  o f  th is  
species.  

S ince  C r o l l  a n d  M a g g e n t i  (8) r e p o r t e d  
t h e  p r e s e n c e  o f  a p e r i p h e r a l  n e r v o u s  sys tem 
in  D. californicum, t h e  first to be  d e s c r i b e d  
for  any  n e m a t o d e ,  t h e r e  has  b e e n  c o n s i d e r a -  
b l e  i n t e r e s t  a n d  c o n t r o v e r s y  r e g a r d i n g  t h e  
e x i s t e n c e  of  such  a system. T h i s  f i n d i n g  was  
s u b s e q u e n t l y  d i s p u t e d  by  S m i t h  a n d  
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