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Biological Relationship of Rotylenchulus boreal is on 
Several Plant Cultivars 

N .  VOVLAS AND R .  N .  ]NSFRRA I 

Abstract:  T h e  entbryogenic  deve lopmen t  of Roly l enchu lus  bore:Its, at 24-26 C, was comple ted  
on  corn, in 12-15 days, and  the  life-cycle of  the  n e m a t o d e  from egg to egg requ i red  35-40 days at 
20-25 C. Juveni les  r ema ined  in the  soil as preinfect ive stages for 17-19 days before becoming  
adults .  Only  i m m a t u r e  ve rmi form aml swollen egg-laying females were found  a t t ached  to corn 
roots. Eggs were laid in a ge la t inous  mat r ix  on the  root  surface; the  n u m b e r  of eggs per  egg 
mass  was 45 _+ 28 on corn roots.  Bean,  green pea,  potato ,  so rghum,  and  sweet pota to  were also 
found  to be hosts  of R, bore:Its. T h e  nema t ode  es tabl ished a p e r m a n e n t  feeding  site on  corn  
root  in an  endode rma l  cell tha t  became hyper t roph ied .  Pericyclic cells close to the  feeding site 
showed g r anu l a r  cytnplasnt  and  nuclei  with  hype r t roph ied  nucleoli .  A cell wall i ng rowth  was 
also noted a r o u n d  the  area of styler pene t r a t ion  into the endode rma l  cell. Key words: embryo-  
genesis, hos t  list, h i s topa thology.  

Journal  of  Nemato logy  14(3):373-377. 1982. 

Rotylenchulus borealis Loof & Oosten- 
brink ( = R .  variabilis Dasgupta, Raski g: 
Sher) is widely distributed in Europe and 
Africa (4). It has been found mainly infect- 
ing corn (Zea mays L.) (3), but  has also 
been reported on grasses (9), several vege- 
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table crops (4), field crops such as cotton 
(Gossypium hirsulum L.) and peanut 
(At:this hypogea L.) (4), and fruit crops 
such as Citrus spp. (1) and grape (Vitis 
spp.) (3). There is, however, a lack of in- 
formation on tile biology and pathogenicity 
of R. boreal#. This paper reports on the life 
cycle of this nematode with additional de- 
tails on its host range and histological 
changes in the roots of corn. 
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M A T E R I A L S  AND M E T H O D S  

Development: The  embryogenic devel- 
opment  of R. borealis was studied on 20 
freshly deposited eggs washed in distilled 
water and mounted in water-2% agar in 
small Petri dishes at the room temperatnre 
of 24-26 C. The  postembryongenic develop- 
ment was determined on 30 corn plants 
grown in soil infested with second-stage 
,juveniles. Glasshouse tenlperature during 
these tests ranged from 20 to 25 C. Penetra- 
tion arid the postembryogenic developntent 
phases were observed at 2-5-day intervals 
by staining corn roots with acid fuchsin in 
lactophenol. The  secretion of the gelatinotts 
matrix I)y the nematode feniales was ob- 
served by microscope examination of egg- 
laying females removed from the roots and 
mounted in water in small Petri dishes. 

Host range: The  host range of R. borealis 
was studied 1)y sowing bean (Phaseolus 
wdgaris L. cv. Harvester), corn (cv. Dekalb- 
XL-41), cotton (cv. Deltapine 16), green 
pea (Pisum sativum L. cv. Progress), peanut 
(cv. Floruimer), pepper (Capsicum annuum 
L. cv. Yolo wonder), potato (Solanum 
tuberosum L. cv. Alfa), tomato (Lycoper- 
sicon esculentum Mill. cv. Roma), sweet 
potato (Ipomea batatas L.), sorghum 
(Sorgum vulgare L. cv. N 12), and wheat 
(Triticum durum Desf. cv. Creso) i n  three 
glasshouse bins containing soil infested with 
R. borealis. Three  months after sowing, 
plants were harvested and the roots were 
washed, stained with acid fuchsin in 
lactophenol, and examined microscopically 
(15x) for nematodes. 

Histological changes in corn roots were 
studied by salnpling infested roots at 10-day 
intervals. The  roots segments were fixed ill 
FAA (formalin, acetic acid, ethyl alcohol), 
dehydrated in TBA (tertiary butyl alco- 
hol), and embedded in paraffin. Cross sec- 

tions, 10-15 t~m thick, were stained with 
safraniil- fast green, mounted ill Permount  
(7), and observed with a componnd micro- 
scope. 

RESULTS AND DISCUSSION 

Development: Embryogenic development 
was basically the same for 1~. borealis as 
other Rotylenchulus species (2,6). Single 
cell R. borealis eggs (n = 10), measured 9(1 
/mr (88-102) x 42/ ,m (38-46), shorter than 
those of R. macrodoralus Dasgupta, Raski 
g: Slier (98-119 x 40-49 /,m) and longer 
than those of R. parvus (Williams) Slier 
(56-59 × 30-38/,m). The  first cleavage with 
the formation of the two blastomeres oc- 
curred in 9-12 h, the four-cell stage was at- 
tained in 2.5 days, the gastrula stage 7-8 
days, anti the tadpole stage 8-11 clays after 
egg laying. The  first juveniles stage ap- 
peared 11-12 clays and the second-stage 
jnvenile 12-15 days after egg deposition. 
The  length of the embryogenic develop- 
ment of R. borealis (12-15 days at 24-26 C) 
was intermediate between that of R. 
macrodoratus (16-19 clays at 18-32 C) (6) 
and that of R. parvus (11-14 days at 24-27) 
(2). 

Like R. macrodoratus, R. parvus, and 
R. reni[ormis Linford and Oliveira, only 
immature females of R. borealis penetrated 
into the roots. There  was no evidence of 
root penetration by the second-stage juve- 
niles. The  immature vermiform females 
were observed in the root 17-19 days after 
inoculation with second-stage juveniles. 
Swollen semiendoparasitic egg laying fe- 
males were found 23-25 days after inocula- 
tion. The  complete life-cycle from egg to 
egg took about  35-40 days and was shorter 
than that of R. macrodoratus (45-55 days 
at 20-26 C) (6) and somewhat longer than 
that of R. parvus (27-36 days at 24-28 C) 

I I I I I  

Figs. 1-4. Histological alterations induced by .Rotylelichulus borealis in corll roots, 10-15 days afteI 
nematode penetration (scale bar = 15#m). 1) Cross section showing a specimen of 14. borealis (N) pene- 
trated in the cortex (CO) and feeding in the endodermis (E) (F = feeding site). 2) An enlargment of 
the nematode feeding site illustrated in Fig. 1. Apparellily nonaffected thick-walled endodermal cells (*) 
are adjacent to endodermal cells without thickened wall (F) on which the nematode (N) fed (p = pert- 
cycle). 3) Cross section showing a nematode (N) feeding ill all endodermal cell (E). The pericyclic cell (p) 
adjacent to the feeding site shows granular cytopla,m and hypertrophic nucleolus (n). 4) Cross section 
showing nematode (N) feeding in an endodermal cell. A cell wall ingrowth or feeding peg (I) surrounds 
the portion of the nematode stylet (ST) penetrated into the endodermal cell. Asterisks indicate adjacent 
normal endodermal ceils. 
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(2). I t  was also longer than that  of R. 
reni[ormis (25 days at room temperature)  
(8). Eggs were laid by mature  females in a 
gelatinous mat r ix  secreted through the 
vulvar aper ture  concurrent  with the egg de- 
position. On corn roots the m a x i m u m  num- 
ber of eggs per egg mass was 45 ± 28 after 
53 days from nematode  inoculation.  

As with other Rotylenchulus species, the 
vermiform males and all the juvenile stages 
were never observed to parasitize roots. A 
m a x i m u m  n um ber  of males found in an egg 
mass surrounding a female was nine. 

Host: Vegetable and field crops are the 
preferred hosts of R. borealis. T h e y  include 
bean, corn, green pea, potato, sorghunl, and 
sweet potato.  In  this study, corn and potato 
appeared to be more susceptible than  sweet 
potato,  bean, green pea, and sorghum, to 
the nematode  attack. Cotton, peanut ,  pep- 
per, tomato, and wheat  were not hosts of 
the nematode  popula t ion  used. T h e  nema- 
tode also has been repor ted from vineyard 
soil in north I ta ly and France (2). Field ob- 
servations in several localities of north l ta ly  
revealed no evidence that  this nematode  
parasitizes grapes. T h e  immature  females 
detected in vineyard soil probably  resulted 
from corn grown before or in association 
with the grape. 

Host-parasite relations: Only the his- 
tological alterations caused by R. macro- 
doratus and R. reni[ormis have been previ- 
ously studied. Both nematodes feed on 
endodermal  tissue, causing the format ion 
of a mononuclea te  giant  cell and a syn- 
cyt ium (6,11,12). Histopathological  altera- 
tions of corn roots infected by R. boreaIis 
are similar to those induced by R. reni[ormis 
on roots of cantaloupe,  soybean, and sun- 
flower (5,11,12). T h e  nematode penetrates 
the epidermis and cortex establishing a 
permanent  feeding site in an endotlermal 
cell (Figs. 1-3). Hyper t rophy  of endodermal  
feeding site and adjacent  pericyclic cells 
was induced by the nematode feeding activ- 
ity (Figs. 1-2). T h e  endodermal  cell at the 
feeding site lacked the por t ion  of thickened 
wall that  clmracterizes this tissue in corn 
roots (Figs. 1-2). A cell wall ingrowth was 
observed around the styler penetra ted into 
the endodermal  cell (Fig. 4). Th is  appears  
similar to feeding peg associated with R. 
reni[ormis feeding on cotton (10). Usually, 
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the pericyclic cells (1 to 3) immediate ly  
centripetal to the feeding site were hyper- 
trophic and contained granular  cytoplasm 
and enlarged nucleoli (Figs. 2-3). Positive 
safranin staining of cortical cells close to 
the nematode  body was common in all ex- 
amined infested roots and probably  indi- 
cated necrosis. 

T h e  results of these observations indi- 
cate that  R. borealis, like R. reni]ormis on 
cantaloupe (5), sunflower (12), and soybean 
(11), feeds pr imar i ly  on the endodermis bu t  
also damages pericyclic cells. T h e  described 
alterations of corn root  tissues would indi- 
cate that  R. borealis is more  closely related 
to R. reni[ormis than to R. macrodoratus. 
However,  field and glasshouse observations 
indicate R. boreaIis is a less destructive 
parasi te  than R. reni[ormis. T h e  nematode  
popula t ion  densities detected on corn roots 
from infested I ta l ian soils have been usually 
low (4-6 nematode  females per gram of 
fresh roots) in comparison of those of R. 
reni[ormis (> 40 per gram of fresh bean 
roots). Fur ther  studies are needed to de- 
termine the influence of R. borealis popu- 
lation densities on host-plant growth. 
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Cultivation of the Pine Wilt Nematode, 
Bursaphelenchus xylophilus, in Axenic Culture Media ~ 

R. I. BOLLA ANO W. JORDA~ 

Abstract: The  pine wilt nematode, llursapheienchus xylophilus, has been cultured axenically 
in vitro on soy peptone/yeast  extract or  modified Caenorhabditis medium supplemented  with 
cholesterol and hemogk)bin. Al though growth,  development and reproduct ion were best in soy 
peptone/yeas t  exU'act medium, satisfactory popula t ion  size increases were observed in the chem- 
ic.'dly defined CaenoHmbditis medium. Key words: axenic culture, Bursaphele~whus xylophilus, 
in vitro culture, pine wilt disease. Journa l  of Nematology 14(3):377-381. 1982. 

Several free-living and parasitic nema- 
todes have been maintained in axenic cul- 
ture systems, some of which are chemically 
defined, during at least part  o[ their life 
cycle (1-6,9-13,18,20,23,26). The  use o[ such 
culture systems for growth, reproduction,  
and development  of nematodes has facili- 
tated biochemical and physiological studies. 

Bursaphelenchus xyIophilus (Steiner 
and Buhrer,  1934) Nickle, 1970 (sym. B. 
lignicolus, Mamiya and Kiyohara, 1972) is 
parasitic in several pine and nonpine spe- 
cies (7,8,19,22) and causes rapid wilting 
(17). Infection is epidemic in Japan (12,17) 
and is wide spread in the Uni ted States (7, 
21). 

T h e  symptomatology of the disease and 
tile life cycle of B. xylophilus are fairly well 
defined (11-15,17), but  the physiology and 
biochemistry of the nematode and the host- 
parasite relationship have not  been eluci- 
dated. 

Bursaphelenchus xylophilus is localized 
in the resin canals where it feeds on epithe- 
lial cells l ining the canal (17). Disease 
symptoms become apparent,  however, prior 
to the time that the nematode populat ion is 
large enough to cause conspicious damage 
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to the canals (17). This  has led Oku et al. 
(21) to propose that toxic materials pro- 
duced by the nematode, or by bacteria asso- 
ciated with the nematode, may be responsi- 
ble for the disease symptom. Recent  results 
(Bolla, unptd)lished observation) support  
this hypothesis. If a toxin is produced by 
B. xylophilus, it would be advantageous to 
define the metabolic precursors of toxin 
synthesis. Unfortunately,  as is true of most 
plant parasitic nematodes, little is known 
about  tlm intermediary metabolism of this 
nematode. Progress could be made toward 
ehtcidating the intermediary metabolism of 
plant parasitic nematodes if techniques for 
axenic culture on a chemically defined me- 
dium were available. Presently B. xylophilus 
is maintained in the laboratory on fungal 
mats (15). Th e  reported studies were under- 
taken, therefore, to develop a defined axenic 
culture system for B. xylophihts. 

MA TERIA LS  AND M E T H O D S  

Axenization: A populat ion of B. xylo- 
philus, orginally isolated from pine wood 
chips, was established in the laboratory on 
Botrytis cinerea growing on potatoe dex- 
trose agar (16). After the cultures were 1 
month  old, the nematode larvae and adults 
were washed from fungal cultures with 
sterile 0.9% saline, filtered through cheese 
cloth, and collected by centrifugation at 
100 g for 3 min. These  mixed populat ions 
of nematodes were then washed through 
5-7 changes of 10 ml each of an axenization 
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