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Influence of Metalaxyl on Three Nematodes of Citrus 1 
DAVID T.  K A P L A N  2 

Abstract: M e t a l a x y l  s i gn i f i c an t l y  r e d u c e d  p o p u l a t i o n s  of Pratylenchus co~eae, Radopholus 
similis, a n d  Tylenchulus semipenetrans i n  roo ts  of Citrus limon ( r o u g h  l e m o n )  u n d e r  g r e e n h o u s e  
c o n d i t i o n s .  P o s t i n o c u l a t i o n  t r e a t m e n t  of roo ts  of r o u g h  l e m o n  seed l ings  was no t  as effect ive  i n  
r e d u c i n g  n e m a t o d e  p o p u l a t i o n s  as was t r e a t m e n t  be fo re  i n o c u l a t i o n .  Fewer  n e m a t o d e s  i n f ec t ed  
m e t a l a x y l - t r e a t e d  roots  t h a n  n o n t r e a t e d  roots .  H o w e v e r ,  i n c u b a t i o n  of n e m a t o d e s  it/ m e t a l a x y l  
d id  trot i n h i b i t  n e m a t o d e  m o t i l i t y  or  t h e i r  a b i l i t y  to loca te  a n d  in fec t  roots .  C e l l u l a r  responses  
to n c l u a t o d e  i n j e c t i o n  d i f fe red  b e t w e e n  t r e a t e d  a n d  n o n t r e a t e d  t issues.  M e t a l a x y l  a p p e a r e d  to 
confe r  n e m a t o d e  c o n t r o l  by m o d i f y i n g  c i t r u s  roo t s  such  t h a t  a n o r m a l l y  s u s c e p t i b l e  roo t s tock  
b e c a m e  t o l e r a n t .  Key words: Pratylenchus coffeae, Radopholus similis, Tylenchulus semipenetrans, 
c h e m i c a l  c o n t r o l .  J o u r n a l  of N e m a t o l o g y  15(3):454-460. 1983. 

Metalaxyl, N-(2,6-Dimethylphenyl)-N- 
(methoxyacetyl)-alanine methyl ester, which 
is effective in controlling Phytophthora foot 
and root  rot  (1,2,3,5), was registered for use 
in Florida on citrus for tile control of Phyto- 
phthora parasitica in 1980. Interest in study- 
ing the influence of metalaxyl on nematodes 
of citrus was generated when prel iminary 
studies suggested that this acyl alanine com- 
pound might control Heterodera glycines 
(Dropkin, personal communication).  T h e  
purpose of this study was to determine if 
metalaxyl adversely influenced tile develop- 
ment of Pratylenchus col~eae, Radopholus 
similis, and /o r  Tylenchulus semipenetrans 
in citrus and the manner  in which metalaxyl 
reduced nematode populations. 

MATERIALS AND M E T H O D S  

The  influence of metalaxyl on nematode 
populat ion development  in Citrus limon L. 
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(rough lemon) roots was studied in glass- 
house experiments. Six-month-old rough 
lemon seedlings were transplanted into 
20-cm pots containing either steam-sterilized 
Astatula fine sand (AST) (hyperthermic, 
uncoated; typic quartzipsamments) or a 
steam-sterilized soil mix (MIX) (AST:ver- 
miculite:peat,  2:1:i).  Seedling height was 
recorded at time of transplanting. AST was 
infested with 500 P. coffeae or 250 R. sim- 
ilis; MIX was infested with 4,000 T. semi- 
penetrans. Adults and juveniles of R. similis 
and P. co~eae attd juveniles and males of T. 
semipenetrans were added as aqueous su- 
spensions to a furrow in the center of each 
pot. T h e  experiment  was maintained under  
Phytophthora parasitica-free conditions. 

Treatments  were (i) seedling root  sys- 
tems incubated in an aqueous solution of 
112 ppm metalaxyl for 2 hours at 26 C, 
rinsed free of excess test material, and trans- 
planted into infested soil; (ii) infested soil 
drenched with 250 ml of 112 ppm metalaxyl 
I0 days before transplanting; (iii) infested 
soil drenched with 250 ml of 112 ppm 
metalaxyl 31 days after transplanting; and 
(iv) no metalaxyl applied to trees growing 
in infested soil. A second set of seedlings 
grown in noninfested soil also received these 
treatments. Upon  completion of all treat- 
ments, the pots (six replicates/ treatment)  
were randomized and plants were grown for 
an addit ional  6 months at 26 C ~ 4. 
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At  harvest, increases in plant  growth 
were determined by measuring the area 
(cm 2) of leaves produced dur ing  the experi- 
men t  with a leaf surface area meter  (Li- 
Cor, Model LI-3000). Root  systems were 
weighed and the general root  condit ion was 
noted. Fibrous roots were removed from 
seedlings and rinsed free of excess soil, and 
nematodes extracted for 7 days at 26 C (6). 
Nematodes  were recovered in 50 ml of water  
and counted. T h e  roots were dried for 24 
hours at 76 C and weighed, and data ex- 
pressed as nematodes per gram root dry 
weight. Following a prel iminary experi- 
ment ,  the exper iment  was repeated twice. 
Data  presented are from one experiment .  
T h e  commercial  carrier of metalaxyl  (35 
ppm) was also evaluated to determine its 
influence on nematode popula t ion  develop- 
merit in a similar but  separate experiment .  

T h e  influence of metalaxyl  on nematode  
infection of citrus roots was studied in the 
laboratory.  Root  systems of 6-month-old 
seedlings were incubated in either 112 p p m  
metalaxyl  or water (0 ppm) for 2 hours. 
Root  systems were then rinsed free of excess 
test solution and equal  numbers  of intact  
fibrous roots were distr ibuted among  plastic 
cups (30-ml capacity), which were then 
filled with either AST or MIX.  T e n  cups 
(replicates) of each t rea tment  were inocu- 
lated with 250 P. coffeae, 120 R. similis, or 
1,000 T. semipenetrans. After 7 days at 26 C, 
the roots from each cup were removed,  
lightly rinsed free of excess soil, and 
weighed. Roots were stained in cold acid 
fuchsin in lactophenol  for 72 hours, rinsed 
free of excess stain with water, and 
destained for 24 hours in clear lactophenol.  
Roots were then diced and ground in 40 ml 
H.,O for 1.5 min  with a tissue homogenizer. 
T h e  slurry was passed through a 250-t~m 
and a 38-t~m sieve. Nematodes  were col- 
lected from the latter and centrifuged for 
5 min  at 4,850 × g; the supernatant  was 
discarded, the pellet resuspended in 10 ml 
of water, and nematodes counted. Data  are 
expressed as nematodes per gram root fresh 
weight. T h e  exper iment  was repeated twice, 
and data from one exper iment  are pre- 
sented. 

T h e  influence of metalaxyl  on nematode  
infection was examined in a second set of 
experiments.  Nematodes  were incubated in 

metalaxyl  (112 ppm),  solvent (2.2% ace- 
tone in tap water, or 0.6% Ciba-Geigy com- 
mercial carrier), or water  for 16 hours at  
26 C on a rotary shaker (175 rpm).  In tac t  
rough lemon root  systems were divided 
equally among  six plastic cups per  nema- 
tode species. Nematodes  were rinsed free of 
test solution with tap water  and  added to 
tile cups. Root  systems were removed 7 days 
later and sample handl ing was similar to 
that  described in the previous experiment ,  
except that  roots were not  soaked in test 
materials. T h e  exper iment  was repeated 
twice, and data from one exper iment  are 
presented. 

T h e  influence of metalaxyl  on nematode  
moti l i ty  (4) was studied by incubat ing P. 
co[]eae, R. similis, and T. semipenetrans in 
tap water, 0.6% Ciba-Geigy commercial  
carrier, 2.2% acetone, and in 50, 100, 500, 
1,000, and 2,000 p p m  metalaxyl  for 24 hours 
at 26 C. T rea tmen t s  (1,000 nematodes/  
vial) were replicated 10 times, and  the ex- 
per iment  was repeated three times. Data  
were expressed as reduced nematode motil- 
ity in relat ion to control t reatments  (nema- 
todes in tap water). 

T o  determine if metalaxyl  influences the 
plant-nematode interact ion at the cellular 
level, intact root systems of rough lemon 
seedlings were soaked in 112 p p m  metalaxyl,  
35 p p m  carrier, or water for 2 hours, rinsed 
free of excess test solution, planted in AST 
or MIX,  and inoculated with P. coi~eae, R. 
sirnilis, or T. semipenetrans. Roots were 
harvested 2 weeks following inoculation, 
fixed in 10% alcoholic formalin,  dehy- 
drated through a T B A  series, and embedded 
in paraffin. Serial sections (12 t~m) were 
stained with safranin/fas t  green, and ex- 
amined with a light microscope (160 × -  
1,000 ×). 

R E S U L T S  

Metalaxyl (112 ppm) significantly re- 
duced populat ions  of P. col~eae, R. similis, 
and T. semipenetrans ill citrus roots (Table  
1). Incubat ion  of seedling root systems for 
2 hours before t ransplant ing suppressed 
popula t ion  development  of all three nema- 
tode species and was the most  effective 
method of metalaxyl  appl icat ion tested. 
Preplant  and postplant  drenching of 
nematode-infested soil reduced R. similis 



456 Journal of Nematology, Volume 15, No. 3, July 1983 

Tab l e  1, Inf luence of meta laxyl  (112 ppm)  on  
Pratylenchus coffeae (PC), Radopholus similis (RS), 
and  Tylenchulus semipenetrans (TS). 

Nema todes  per  g r am 
root  dry weight  

T r e a t m e n t *  PC RS TS 

Non e  2319.7 a t  2228.9 a 2575.2 a 
Post 1755.5 ab 984.0 h 1280.7 b 
Pre 550.0 ab 431.8 c 727.3 bc 
Dip 298.8 b 247.7 c 126.4 c 

*None  = no  meta laxyl ;  post  = d rench  of soil 
31 days af ter  p lan t ing ;  p re  = d rench  of soil 10 days 
before p l a n t i n g  d ip  = 2 h o u r  incuba t ion  of root  
system in meta laxyl  before p lan t ing .  E x p e r i m e n t  
harves ted  6 m o n t h s  af ter  t r ea tmen t s  completed .  

tVa lues  followed by the  same let ter  are not  sig- 
nificantly different  according to Duncan ' s  m u h i p l e -  
range  test (P = 0.05). No nematodes  were detected 
in noninoculated controls. 

and T. semipenetrans but not P. coffeae 
populations. Nematodes were not detected 
in root systems of plants grown in non- 
infested soil. The  commercial carrier of 
metalaxyl did not affect nematode popula- 
tion development (Kaplan, unpublished 
data). 

Root growth of noninfected citrus seed- 
lings was stimulated by metalaxyl when 
seedlings were either incubated in an 
aqueous solution (112 ppm) for 2 hours 
before planting or when pott ing media were 
drenched 10 days before planting (Table 
2). Metalaxyl application 31 days after 
planting did not appear to influence root 
growth. 

Student's t-test comparisons (P = 0.05) 
between infected and noninfected treat- 

ments indicated that neither P. coffeae nor 
T. semipenetrans significantly reduced root 
growth. However, lesions were apparent on 
P. col]eae-infected roots which received 
metalaxyl 31 days postinoculation or to 
which no metalaxyl was applied. Rado- 
pholus similis was associated with numerous 
brown roots and reduced root growth when 
metalaxyl was applied 31 days postinocula- 
tion, or when plants which did not receive 
metalaxyl. Radopholus similis- and P. 
col~eae-infected root systems were compar- 
able in size and general appearance to non- 
infected root systems when metalaxyl was 
applied by either of the described preplant 
methods. 

Metalaxyl did not significantly increase 
foliar growth of noninfected citrus seedlings 
grown in AST, al though increased growth 
occurred when seedling root systems were 
incubated in metalaxyl and then planted in 
MIX (Table 3). Tylenchulus semipenetrans 
infection appeared to prevent increased 
foliar growth in the heavier soil type. Foliar 
growth of P. coffeae-infected citrus was not 
significantly different (Student's t-test, P = 
0.05) from that of noninfested plants, with 
the exception of seedlings which underwent 
preplant incubation in metalaxyl. Trees 
which were inoculated with P. cogeae and 
whose root systems incubated in metalaxyl 
(112 ppm for 2 hours) had more new foliage 
than trees from any other treatment. 

Radopholus similis-infected seedlings 
had significantly less foliar growth than 
seedlings of comparable treatments grown 
in noninfested Astatula fine sand except 
where metalaxyl was applied before plant- 

"Fable 2. Inf luence of meta laxyl  (112 ppm)  on  root  g rowth  of rough  l emon  seedlings infested with 
Pratylenchus coffeae (PC), Radopholus simi[is (RS), o r  Tylenchulus semipenetrans (TS). 

Root  g rowth  (grams fresh weight)  

T r e a t m e n t *  P C / A S T t  R S / A S T  (--) / AST T S / M I X  (--) / MIX 

Dip  15.1 a~ 14,2 a 14.2 a 19.9 a 19,1 a 
Pre  12.5 a l l . l  a 14.1 a 15.5 a 18.5 a 
Post  7.5 b 3.8 b 8.2 b 13.4 a 11,6 b 
None  5.6 b 3.4 b 7.4 b 10.l a 8,6 b 

*Dip  = 2 h ou r s  i ncuba t ion  of toot  system in meta laxyl  before p lan t ing ;  pre  = drench  of soil 10 days 
before p lan t ing;  post  = d rench  of  soil 31 days af ter  p lan t ing ;  none  = no meta laxyl .  Expe r imen t  harves ted  
6 m o n t h s  af ter  t r ea tmen t s  comple ted .  

"~AST = Asta tu la  fine sand;  MIX = As ta tu la  fine sandzvermicul i t e :pea t  (2:1:1). (--) = no nematodes .  
:~Values followed by the  same let ter  in co l umns  are no t  significantly different  according to D u n c a n ' s  

mu l t ip l e - r ange  test (P = 0.05). 
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Tab le  3. Inf luence of meta laxyl  (112 ppm)  on  p l a n t  growth (leaf surface a rea :on")  of  r ough  l emon  
seedlings infested wi th  Pratylenehus coffeae (PC), Radophohts similis (RS), and  Tylenchulus semipenetrans 
(TS). 

Leaf  surface area (cm ~) 

T r e a t m e n t *  PC/AST+ R S / AS T (--)/AST TS/MIX ( - - ) /MIX 

Dip 387.9 a:~ 48.2 a 312.9 a 305.8 a 349.8 a 
Pre  215.2 b 236.5 a 193.1 a 298.7 a 300.6 ab 
Post  198.9 b 123.5 1) 207.4 a 273.0 a 260.3 b 
None  246.5 b 133.4 b 232.1 a 250.2 a 263.2 b 

*Dip = 2 hour s  incuba t ion  of root system in meta laxyl  befi,re p lan t ing ;  pre = drench  of soil I0 days 
before p lan t ing;  post  = d rench  of soil 31 clays af ter  p lan t ing;  none  = no meta laxyl .  E x p e r i m e n t  harves ted  
6 m o n t h s  af ter  t r ea tmen t s  completed.  

+AST = Asta tu la  fine sand;  MIX = Asta tu la  fine sand :vermicu l i t e :pea t  (2:1:1). (--) = no nematodes .  
:l:Values followed by the  same let ter  in co lumns  are no t  significantly different  according to Duncan ' s  

mul t ip l e - range  test (P = 0.05). 

ing, as a soil drench or as a preplant  seed- 
ling treatment. In those cases, t reatment was 
associated with reduced nematode popula- 
tions and larger root  systems. 

Significant reductions in infection of cit- 
rus roots by P. co~eae (P = 0.1), 1l. sirnilis, 
and T. semipenetrans (P = 0.01) (Table  4) 
occurred when roots were incubated in 
metalaxyl before inoculation. Conversely, 
incubation of inoculum in metalaxyl (112 
ppm) before inoculat ion did not  reduce tile 
numbers of nematodes infecting roots 
(Table 5). Nor did metalaxyl (112 ppm) 
inhibi t  motil i ty of the three nematode spe- 
cies (Fig. la,b). Sensitivity to solvents dif- 
fered between species (Fig. 2). Pratylenchus 
coOeae and T. semipenetrans motili ty was 
reduced by 0.6% commercial carrier (Ciba- 
Geigy) (Fig. 2), while the carrier had no 
adverse effect on R. similis. Conversely, R. 
similis was sensitive to 2.2% acetone (Fig. 
la, 0 ppm metalaxyl), which served as a 
good solvent for tests involving P. coI]eae 

T a b l e  4. Inf luence of 2 -hour  p rep lan t  clip of  
rough  l emon  seedlings in meta laxyl  (112 ppm)  on 
infect ion of fibrous roots by Pralylenchus co[]eae 
(PC), Radopholus similis (RS), and  Tylenchulus 
semipenetrans (TS). 

Nema todes  pe r  grant  root 
(fresh weight) 

Metalaxyl  PC RS TS 

0 p p m  1071.3 227.4 211.5 
112 p p m  734.7* 68.2** 73.8** 

*LSD =O.1. 
**LSD =0.01.  

T a b l e  5. Inf luence of i ncuba t ion  of Tylenchulus 
semipenetrans (TS), Radopholus similis (RS) and  
Pratylenchus col~eae (PC) for 16 hour s  in water ,  
solvent  or  meta laxyl  on  nema tode  infect ion of 
rough  l emon  toots.  

N e m a t o d e  pe r  g r am root  
(dry weight) 

T r e a t m e n t  TS RS PC 

H 2 0 *  3966.0 a~" 6429.0 a 2856.0 a 
Solvent 8961.9 a 5942.5 a 3870.7 a 
Metalaxyl  7160.8 a 6009.5 a 2378.0 a 

* H 2 0  = tap water; solvent  = 2.2% acetone for 
P. coUeae and  7". semipenetrans, or 0.6% Ciba-Geigy 
commercia l  carrier  for R. similis: meta laxyl  = 112 
ppm .  

+Values followed by the  same le t ter  in co lunms  
are not  significantly different  according to Duncan ' s  
m u h i p l e - r a n g e  test (P = 0.05). Expe r imen t  har-  
vesled 7 days after  inoculat ion.  

and T. semipenetrans. T h e  ED.~o for the 
Ciba-Geigy commercial carrier was 12 ppm 
for T. semipenetrans and 17 ppm for P. 
coffeae. However, the carrier (35 ppm) did 
not affect nematode populat ions under  
greenhouse conditions (Kaplan, unpub- 
lished data). 

Metalaxyl appeared to influence the in- 
teraction of tile three nematode species 
within rough lemon roots. Pratylenchus 
coffeae typically forms cavities in the root  
cortex, where only small changes are ob- 
servable in cells adjacent to the nematodes. 
Infection of metalaxyl-treated roots was 
associated with granular cytoplasm in cells 
adjacent to tile nematode (Fig. 3). Rado- 
pholus similis, which generally has a strong 
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as percentage of nematode  motil i ty in water, la) 
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affinity for the phloem parenchynm, was not 
observed in the stele of treated fibrous roots, 
and cellular responses to infection of the 
root cortex were similar to those observed 
for P. co~eae (Fig. 4). T. semipenetrans 
normally infects the root and establishes a 
feeding site comprised of nurse cells. Metal- 
axyl reduced the number  of nematode feed- 
ing sites. Cytoplasm of nurse cells within 
nematode feeding sites in metalaxyl-treated 
roots was dense and plasmolysed (Fig. 5). 

DISCUSSION 

Metalaxyl appears to confer nematode 

control by modifying citrus roots such that 
a normally susceptible rootstock (rough 
lemon) becomes tolerant. Metalaxyl (112 
ppm) did not adversely affect nematode 
motility or chemotropic functions (inter- 
action of nematode with soil and root lead- 
ing to, and including, infection of plant  
roots). However, when plant root  systems 

Fig. 3. Infect ion of  metalaxyl- /reated rough 
lemon seedlings by Pratylenchus coOeae was asso- 
ciated with granular  cytoplasm ((;C) in cells ad- 
jacent  to the nematodes (N). (400 X) 
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Fig. 4. Infection ,,f metalaxyl-treated rough 
lemon seedlings by Radopholus similis (RS) was 
associated with granular cytoplasm (GC) in cells 
adjacent to the nematodes (N). In addition, R. 
similis, which generally has a strong alfinity for 
phloem parenchyma, was not observed in the stele 
ol" treated fibrous roots. (400 ×) 

were i n c u b a t e d  in,  or  so i l -d renched  wi th ,  
me ta l axy l  before  p l an t ing ,  n e m a t o d e  infec- 
t ion  a n d  subsequen t  r e p r o d u c t i o n ,  as wel l  
as pos t in fec t iona l  ce l lu l a r  responses,  in  cit- 
rus roo ts  d i f fered f rom those  of n o n t r e a t e d  
plants .  T h e  s ignif icance of these ce l lu l a r  
responses to in fec t ion  is diff icult  to assess; 
however ,  they  suggest  t ha t  an  inc reased  
sens i t iv i ty  to n e m a t o d e  in fec t ion  exists  
wh ich  m a y  be associa ted  w i th  the  l im- 
i ted n e m a t o d e  r e p r o d u c t i o n  obse rved  in  
n t e t a l axy l - t r ea t ed  p lan ts .  

T r e a t m e n t  of  n e m a t o d e - i n f e s t e d  soil  
( p r e p l a n t  d rench)  w i t h  m e t a l a x y l  a n d / o r  
of  seedl ings  before  b e i n g  p l a n t e d  in  
nem a to de - in f e s t ed  soil (dip)  was more  
effective t han  t r e a t m e n t  of  n e m a t o d e -  
in fec ted  seedl ings  (post). R e d u c e d  t reat-  
m e n t  effect has been  obse rved  also in  
Phytophthora parasitica con t ro l  in  c i t rus  
when  m e t a l a x y l  was a p p l i e d  to p l an t s  a f te r  
in fec t ion  h a d  occu r red  (5). 

A l t h o u g h  P. cofleae and  R. s~rnilis pop-  

Fig. 5. Infection of metalaxyl-treated rough 
lemon seedlings hy Tylenchulus semipenetrans (N) 
was significantly reduced and cytoplasm of nurse 
cells (N(') in treated tissue was dense and plas- 
molysed. (1,000 X) 

tda t ions  were  s ign i f ican t ly  r e d u c e d  by  meta l -  
axyl  in  this  s tudy,  n e m a t o d e  f requencies  
which  w o u l d  n o r m a l l y  des t roy  r o n g h  l e m o n  
roo t  systems were st i l l  de t ec t ed  in  s y m p t o m -  
less roo t  systems. T h e s e  n e m a t o d e  species 
are  associa ted  wi th  c i t rus  s l u m p  (P. coffeae) 
a n d  s p r e a d i n g  dec l ine  (R. similis), diseases 
associa ted  w i th  d a m a g e d  roo t  systems w h i c h  
increase  t ree suscep t ib i l i t y  to e n v i r o n m e n t a l  
stress. T i l e  research  f indings  p r e s e n t e d  
he re in  suggest  t ha t  these diseases m i g h t  be 
c o n t r o l l e d  by me ta l axy l .  F i e ld  research  wi l l  
be c o n d u c t e d  to d e t e r m i n e  if m e t a l a x y l  can  
reduce  disease inc idence  in n e m a t o d e -  
infes ted  c i t rus  groves.  
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Rhizonema sequoiae n.gen, n.sp. from Coast Redwood 
Sequoia sempervirens (D. Don) Endl/ 

1. CIo DEL PaADO Vr:RA'-', B. F. LOWNSBERV:' and A. R. ~V/At;GENTI ~ 

Abstract: Rhizonema sequoiae n.gen,  u. sp. is described from the  roots of  C~ast Redwood,  
Sequoia sempe~Tfirens (D. Don) Endl.,  growing near  Lake Laguni tas ,  Mar in  County ,  California.  
Rhizonema females are a n n u l a t e d  over thei r  ent i re  bodies, are  wholly e m bedded  in hos t  tissue, 
and  secrete an  a b u n d a n t  a m o u n t  of gel mater ia l .  Ma tu re  fetnales do not  form a cyst. T h e  vulva  
is located on a large poster ior  t e rmina l  cone, and  the  anus  is on the  dorsal  vulval  lip. Esophageal  
g lands  of the  second-stage larvae till ntore t ha n  hal f  of the  body cavity. "Fails of the  ve rmi form 
males  are b lun t ,  and  a cloacal t ubus  is present .  Key words: t axonomy,  redwood nematode ,  

J o u r n a l  of Nemato logy  15(3):460-467. 1983. 

T h e  family Heteroder idae  contains some 
genera that  form a cyst and others that  do 
not. T h e  females of all Heteroder idae  are 
swollen; however, the males have a cylin- 
drical shape with a short, rounded tail anti 
lack caudal alae. Annula t ion  is not  ap- 
parent  over much of the body of females of 
cyst-forming Heteroderidae,  bu t  in the 
group of genera that  do not form cysts, there 
is partial  or total annula t ion  of the cuticle 
of  the mature  female. At the present time, 
the genera of non-cyst-forming Heteroderi-  
dae are Meloidodera Chitwood et al., 1956 
(1); Verutus Esser, 1981 (4); Cryphodera 
Colbran,  1966 (2); A talodera Wottts & Sher, 
1971 (8); Hylonema Luc et al., 1978 (5), 
and Thecavermiculatus Robbins,  1978 (6). 
These genera differ from one another  by the 
presence or absence of annula t ion  in the 
posterior por t ion of the mature  female and 
by the equatorial  or terminal  position of the 
vulva. 

In 1979, larvae and males of a nematode  
that  appeared to be a member  of the Hete- 
roderidae were recovered from roots of 
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Coast Redwood, Sequoia sempervirens 
(D. Don) Endl., growing near Lake Lag- 
unitas, Mat in  County  Water  District, Cali- 
fornia. Subsequently, mature  females were 
also found in lesser numbers  at this same 
location on T a n b a r k  Oak (Lithocarpus 
densiflora [Hook g: Arn.] Rehd),  California 
Bay (Umbellularia californica [Hook g: 
Am.]  Nutt.), and Madrone (Arbutus 
menziesii Pursh.). Dissection of the un- 
galled roots of these trees revealed com- 
pletely embedded,  saccate, white females, 
which usually had abundan t  gelatin at their 
posterior extremity.  Morphological  and bio- 
logical differences suggest that  the redwood 
nematode represents a new generic taxon. 
Detailed morphological  and anatomical  
studies of this nematode were made result- 
ing in the description of Rhizonerna sequoia 
n.gen., n.sp. 

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

Larvae and male redwood nematodes 
were obtained by incubat ing redwood 
feeder roots for 24 hours in a mist chamber.  
Mature  females were obtained by dissection 
of redwood roots. These  life stages were 
killed and fixed with Seinhorst 's (7) fixa- 
tive, processed into glycerin, and moun ted  
in glycerin (DeGrisse, personal communica-  
tion). For scanning electron microscope 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	458: 
	459: 


