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Abstract: Preplant ing t reatment  of soil natural ly infested with Macroposthonia xenoplax with 
1,2-dibromoethane (ethylene dibromide) significantly increased the growth rate of Juglans hindsii 
seedlings. When  seedlings of 1. hinds'it, J. regia CV "Serf" and 1. regia CV Eureka were inoculated 
with M. xenoplax, their growth was signilicantly less than that of nematode-free controls. This  
retarded growth rate was accompanied hy feeder root necrosis, longitudinal  cracks in the older 
roots, and distinct lesions in the secondary phloem. Key Words: ]uglans hindsii, Juglans regia, 
lesion formation, feeder root necrosis, phenolic compounds.  

in  California, Macroposthonia xenoplax 
(Raski) Loof  and De Grisse is common and 
widely dis tr ibuted in orchards and vine- 
yards and is most abundan t  a round grapes 
and walnuts (16). In 1968, M. xenoplax was 
found in 26 of 29 declining walnut  orchards 
surveyed in San Joaqu in  County.  T h e  role 
of this nematode is difficult to assess in those 
orchards, however, because 24 of them are 
also infested by Pratylenchus vulnus Alien 
and Jensen, a known w a h m t  pathogen (5, 
12). However,  lesions were observed on 
roots of trees in orchards infested with M. 
xenoplax, even when P. vulnus was not 
found. M. xenoplax has been shown to 
l imit  growth of peach (7, 8) and prune,  and 
predispose these plants to bacterial  canker 
disease (8, 10). Th i s  study was under taken  
to determine whether  this nematode  has 
similar effects on Nor thern  California black 
walnut,  )uglans hindsii Jeps., and Persian 
walnut ,  J. regia L. 

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

General procedures: Three  experiments  
were conducted. T h e  first measured the 
effect on ]. hindsii growth of nematicidal  
fumigat ion of an orchard soil natural ly  in- 
fested with  M. xenoplax. T h e  second tested 
the effects on J. hindsii of inoculat ion with 
M. xenoplax. T h e  third compared  the ef- 
fects of M. xenoplax on ]. hindsii and two 
varieties of J. regia. Soil textures (2), meas- 
ured by Boyoucos' method  (1), were loamy 
sand in the first exper iment  and sandy loam 
in the second and third. T h e  walnut  seed- 

Received for publication 3 October 1977. 
1Division of Nematology, University of California, Davis, 
California 95616. Present addresses: E. H. Moody, Uni- 
versity of Georgia, Athens, Georgia 30602; G. R. Noel, 
West TenneSsee Experiment Station, Jackson, Tennessee 
38301. 

2San Joaquin Connty Department of Agriculture, P. O. Box 
1809, Stockton, California 95201. 

232 

lings were obta ined  by stratifying seeds in 
sand. This  sand, and the sandy loam used 
in the second and third experiments,  were 
autoclaved (118 C; 1 atm, 3 h) and aerated 
for 1 rap. T h e  plants, grown singly in 
12-liter cans embedded  in pine-wood shav- 
ings in a lathhouse, were supplied with a 
complete water-soluble fertilizer and in- 
secticides as needed. T h e  M. xenoplax used 
in the second and third experiments,  orig- 
inally from a vineyard near Rutherford ,  
California,  had been used in experiments  
with peaches pr ior  to this use. Nematode  
inoculum was obtained,  and nematode 
populat ions  assayed by sieving (3) in the 
first exper iment  and a centrifugal-flotation 
method (4) in the second and third. Final 
popula t ion  densities were de termined from 
a 250-cc soil sample taken after jar r ing soil 
from roots and mixing it. T h e  total number  
of nematodes in the can was calculated after 
count ing the n u m b e r  in an a l iquot  of the 
extract. Differences between treatments 
were evaluated with Student 's  /-test, except 
where indicated otherwise. 

E~fect of killing M. xenoplax: In  March 
an untreated port ion of a Meridian, Cali- 
fornia, prune  orchard soil was stored and 
kept  moist  in 12-1iter cans. Another  por t ion  
was fumigated with 1,2-dibromoethane 
(ethylene dibromide)  at 100 l i te rs /ha  ( l l  
gal/acre),  left 1 mo for escape of fumigant,  
and transferred to 12-liter cans. In  April,  
J. hindsii seedlings were t ransplanted to 14 
cans of fumigated soil and 14 of untreated 
soil. T h e  exper iment  was te rminated  after 
14 mo, when the plants were weighed. 
Nematode  populat ions were determined at 
p lant ing  and when the exper iment  was 
terminated.  

Effect of adding M. xenoplax: Treat -  
ments were 500, 5,000, and 50,000 M. 
xenoplax per can, an untreated control,  and 
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a control for microorganisms which might  
be associated with the nematodes in the 
water suspension. The  latter control was ob- 
tained by removing M. xenoplax from the 
50,000-nematode concentration by repeated 
passage of the suspension through a sieve 
with 0.043-ram openings (325 meshes/inch). 
The  removal was possible because the orig- 
inal centrifugal-flotation extraction of the 
sandy soil yielded a clean extract of 3I. 
xenoplax from which the smaller nematodes 
were largely eliminated by allowing them to 
pass through a sieve with 0.074-ram open- 
mgs (200 meshes/inch). The  treatments 
were added around the roots when the 
seedlings were planted in May. Experimen- 
tal units were arranged in four randomized 
blocks. Plants were examined and weighed, 
and representative ones were photographed 
after 1 year's growth. 

Fresh hand-cut sections of primary and 
secondary root were immersed and mounted 
in diazotized p-nitroanaline. Control sec- 
tions were motmted in distilled water for 
comparison (17). The  amount  of phenolic 
compounds present was judged by the in- 
tensity of orange to brown color. 

Comparison of J. hindsii and J. regia: In 
California the commercial walnut, Juglans 
regia, is commonly grafted to rootstocks of 
J. hindsii to control oak root  fungus disease 
(14). Use of J. regia as a rootstock is being 
considered currently because of the increas- 
ing incidence of a lethal stock-scion union 
faihtre known as blackline (13). For that 
reason we tested J. regia as well as J. hindsii. 
Seedlings of J. hindsii and J. regia, CV 
'Serr' and CV 'Eureka, '  were transplanted 
to cans in July and inoculated around the 
roots with 10,000 M. xenoplax, or left un- 
inoculated. The  inoculated plants were 
grouped in one-half of the experimental 
design, and nematode-free cans in the other 
half to avoid contamination. The  eight 
replicates of each variety x treatment com- 
bination were arranged in eight systematic 
blocks. The  experiment was terminated 
after 2 years, when the plants were meas- 
ured and symptoms were examined. 

RESULTS 

E[Ject of killing M. xenoplax: At 
planting, M. xenoplax was recovered from 
untreated soil at the rate of about  12,000 

per can. No nematodes were recovered from 
the fumigated soil. Plants grown 14 mo in 
fumigated soil (336 + 8 g) were greater (P 
< 0.01) ill fresh wt than plants grown in the 
untreated soil (127 ± 5 g). Roots had con- 
siderable new growth and little necrosis in 
fumigated soil, but  had no new growth and 
much necrosis in untreated soil. 

E[Jecl of adding M. xenoplax: Plants 
inoculated with the suspensions of M. 
xenoplax weighed less than the controls 
(Table 1). Plants inoculated with the 
suspension minus nematodes did not differ 
from complete controls. Growth suppression 
was as severe with 5,000 nematodes as with 
50,000. Fine feeder roots were killed on 
nematode-infected plants. Externally, larger 
infected roots were darker than uninfected 
roots, and longitudinal cracks extended 
through the periderm into the secondary 
phloent (Fig. 1). When the phellum and 
phellogen of these roots were cut away, 
black necrotic areas were found in the 
secondary phloem of nematode-infected 
roots but not in controls or controls for 
associated microorganisms (Fig. 1), which 
had secondary phloem of the normal light- 
yellow color. Secondary phloem of 
inoculated or uninoculated roots was high 
in phenols. Tips of nematode-infected roots 
had no living primary root  tissue that could 
be tested for phenols. The  cortex in un- 
itmculated root  tips was low in phenols. 

Comparison of J. hindsii and ]. regia: 
Seedlings used in this experiment were 
transplanted from stratification flats to 
l-liter paper milk cartons, and again to the 
cans used in this experiment. Shock from 

FABLE 1. Fresh weight of California black 
walnut seedlings and numbers of Macroposthonia 
xenoplax 13 mo after inoculation. 

Final 
no. of 

Plant wt nematodes 
Treatment (g)" (thousands 0 

Complete control 91 0.2 + 0.2 
Associated microorganisms 89 4 _+ 1 

500 M. xenoplax 62 98 + l0 
5,000 M. xenoplax 48 b 66 + 47 
50,000 M. xenoplax 50 b 45 + 15 

"Average of four replicates and standard error. 
~'Differ from the complete control at the 1% level 
using analysis of variance and the LSD test. 
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FIG 1 (A-D). Roots of Nor thern  California black walnut 1 year after inoculation with 5,000 
Macroposthonia xenoplax (A & B), or in absence of nematodes (C & D). T h e  surface of roots B and D has 
been cut away to reveal the condition of the secondary phloem. 

the double  t ransplant ing proved to be more 
impor t an t  than M. xenoplax in l imit ing 
growth in the first growing season after in- 
oculations, so no differences in shoot growth 
were apparen t  between inoculated and un- 
inoculated plants. In  the second growing 
season, however, M. xenoplax l imited the 

growth of all cultivars (Table  2). In  terms 
of growth reduct ion and lesion formation,  
M. xenoplax appeared  to have more severe 
effects on J. hindsii than on tlle two J. regia 
cultivars, a l though the two cultivars of J. 
regia were better  hosts than J. hindsii for 
M. xenoplax (Table  2). 
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TABLE 2. Fresh weights of three kinds of 
walnut seedlings and number of Macroposthonia 
xenoplax 2 years after inoculation. 

Walnut 

Final no. 
of 

Nema- Plant nematodes 
todes wt in 
added (g)" thousands" 

J. regia Serr 0 593 w 0 x 
J. regia Eureka 0 547 wx 0 x 
J. hindsii 0 453 xy 0 x 
I. regia Serr 5,000 398 xwz 837 y 
J. regia Eureka 5,000 343 yz 602 y 
J. hindsii 5,000 203 z 263 z 

"Averages of eight replicates. Those followed by 
the same letter do not differ at P = 0.01. 

D I S C U S S I O N  

Les ions  a n d  l o n g i t u d i n a l  cracks  c a u s e d  
in  r o o t s  by  M .  xenoplax a re  also caused  by 
the  r o o t - l e s i o n  n e m a t o d e ,  Pratylenchus 
vulnus (12). M .  xenoplax p r o d u c e s  s m a l l e r  
l es ions  t h a n  does  P. vulnus, b u t  in  t i m e  t h e y  
coa lesce  to b e c o m e  q u i t e  s im i l a r .  W e  pre-  
s u m e  t h a t  t he  n e m a t o d e s  cause  les ions  by  
i n c r e a s i n g  p h e n o l  o x i d a s e  ac t iv i ty .  P. vulnus 
p r o b a b l y  causes l a r g e r  l e s ions  b e c a u s e  i t  is 
a m i g r a t o r y  e n d o p a r a s i t e ,  w h e r e a s  M .  
xenoplax as a s e d e n t a r y  e c t o p a r a s i t e .  
A c c u m u l a t i o n  o f  p h e n o l i c  c o m p o u n d s ,  ob-  
s e rved  r e p e a t e d l y  in  n e m a t o d e - i n f e c t e d  
tissues, a p p e a r s  to  be  a p l a n t  d e f e n s e  re- 
a c t i o n  i n  s o m e  i n s t a n c e s  (11). I f  l e s ion  
f o r m a t i o n  is t oo  s low to cause  hype r sens i -  
t iv i ty ,  i t  fai ls  as a d e f e n s e  r e a c t i o n  a n d  is 
c o r r e l a t e d  w i t h  suscep t ib i l i t y .  I t  is p r o b -  
a b l y  a less d a m a g i n g  effect  o n  the  p l a n t  
t h a n  the  d e a t h  o f  f e e d e r  roo t s  caused  by  
b o t h  M. xenoplax a n d  P. vulnus. L o n g i -  
t u d i n a l  c r a c k i n g  was caused  by c o n t i n u e d  
g r o w t h  o f  l a t e r a l  m e r i s t e m s  a d j a c e n t  to  
n e c r o t i c  p h e l l o d e r m .  

Less severe  effects  o f  M. xenoplax on  
J, regia t h a n  o n  J. hindsii w e r e  a n  expres -  
s ion  o f  t o l e r a n c e  r a t h e r  t h a n  res i s t ance ,  
because  f ina l  n e m a t o d e  p o p u l a t i o n s  w e r e  
h i g h e r  o n  J. regia. W e  d o u b t  t h a t  t h e  
t o l e r a n c e  s h o w n  in  th is  sho r t  e x p e r i m e n t  is 
suff ic ient  to  p r o t e c t  J. regia f r o m  this  n e m a -  
t o d e  o v e r  t he  l i [ e  s p a n  o[  a w a l n u t  t ree .  

T h e s e  e x p e r i m e n t s  u s e d  a v e r y  s a n d y  
soil ,  in  w h i c h  M. xenoplax r e p r o d u c e s  bes t  
(15). M o s t  w a l n u t s  in  C a l i f o r n i a  a r e  g r o w n  

in  soils  w i t h  a h i g h e r  si l t  a n d  c lay  c o n t e n t ,  
w h e r e  M .  xenoplax w i l l  i nc rease  m o r e  
s lowly  a n d  m a y  be  less p a t h o g e n i c .  N e v e r -  
theless,  we  e x p e c t  t h a t  M .  xenoplax l i m i t s  
w a l n u t  g r o w t h  in  t he  o r c h a r d  in  p r o p o r t i o n  
to its p o p u l a t i o n  leve l .  I t  m a y  be  respons i -  
b le  for s o m e  d isease  a t t r i b u t e d  to P. vulnus. 
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Parasitism of Meloidogyne eggs by a new fungal parasite 
G. R. STIRLING and R. MANKAU ~ 

Abstract: Dactylelht oviparasitica, a fungus  isolated from Meloidogyne egg masses, was shown to 
parasi t ize eggs ot t  agar  and  in soil, when inocula ted  as e i the r  ntyceliunt  or conidia.  T h e  fungus  
also grew saprophyt ica l l~  on eggs k i l l ed  ,with me thy l  b romide  or heat .  T h e  a m o u n t  of paras i t i sm 
in the labora tory  suggested tha t  the fungus may be a useful  biological  control  agent  against  
Meloidog),ne. Key Words: Dactylella oviparasitica, biological  control .  

During a study of nematodes in peach 
orchards in the San Joaquin  Valley of Cali- 
fornia, Ferris et al. (2) had difficulty in 
finding peach orchards on Lovell rootstock 
that had high populat ions of root-knot 
nematodes (Meloidogyne spp.). They  specu- 
lated that some of the orchards may have 
been situated in areas biologically unsuited 
to Meloidogyne. Tlte possibility that the 
nematode was under  natural biological con- 
trol prompted a search of the area for 
antagonists of root-knot nematodes, which 
led to the discovery of a new fungal parasite 
of Meloidogyne eggs (5, 7). A description of 
the fungus, Dactylella oviparasitica Stirling 
and Mankau, and procedures for its isola- 
tion and cttltttre have been published (7). 
Althottgh there were indications that the 
fungus was actively parasitizing eggs, rather  
than living saprophytically in old egg 
masses and dead eggs (7), experiments de- 
scribed in this paper aim to resolve the 
question. Also explored is the potential  of 
the fungus as a biological control agent 
against Meloidogyne. 

MATER I ALS  AND M E T H O D S  

Parasitism of eggs on agar: Isolates C, K, 
and S of D. oviparasitica obtained from 
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Meloidogyne egg masses in three different 
peach orchards (7) were grown for 10 days 
in shake cultures o[ YPSS (yeast extract, 
4 g; K2HPO~, 1 g; MgSO~ ° 7H20,  0.5 g; 
soluble starch, 20 g; distilled water, 1 liter). 
T h e  mycelium was removed from the me- 
d ium by filtration, washed with sterile water 
and macerated in sterile water with a War- 
ing blender. A drop of macerated mycelium 
o[ each isolate was placed on the center of 
eight water agar (WA) plates 6 cm in diam- 
eter. Tw o  days later, three young egg masses 
of M. incognita (Kofoid and White) Chit- 
wood from greenhouse-grown tomatoes were 
added to each plate. Controls were egg 
masses on WA plates without  the fungus. 

Ti le  plates were maintained in the lab- 
oratory at about  24 C for an additional 10 
clays. T h e  egg masses from six plates in each 
treatment were then removed, treated with 
1% NaOC1 [or about  5 min to dissolve the 
gelatinous matrix, and macerated for 20 sec 
in water in the micro-attachment of a 
Sorvall Omnimixer.  T h e  maceration step 
separated the parasitized eggs, which were 
bound together by [ungal mycelium. 

Parasitized and unparasitized eggs were 
counted on a 1-ml Peters counting slide 
(Hawksley and Sons, Lancing, England) at 
a magnification of I00×. Hatched larvae 
were counted in an aliquot of the suspen- 
sion obtained by macerating the agar in 
water with a blender. Egg masses on the 
remaining two plates were checked for 
parasitism and the fungus was reisolated 
by treating parasitized eggs briefly with 1% 
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