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Nematode Population Attrition and Histopathology of 
Heterodera glycines-Soybean Associations 1 

J. R. Ac~Bo, 2 V. H. DROPKIN, 2 AND V. D. LUEDDERS ~ 

Abstract: Selected populations of soybean cyst nematodes were inoculated to roots of compatible 
and incompatible soybeans. Rates of penetrat ion of infective juveniles of nematode populations 
selected on PI 209332, PI 89772, and Pickett 71 were equivalent on compatible and incompatible 
soybean roots. T he  first two populations averaged about 10% and the last about 5% penetrat ion in 
24-hour inoculations of young seedlings. About  14% of those juveniles that  entered roots in com- 
patible combinations developed into maturing females, compared with only about 1% in incompatible 
combinations. Several aberrations from the pat tern  of syncytial development associated with mature  
females in compatible hosts were appaye~m. A rapid necrotic response occurred in both  kinds of 
hosts but  was more frequent  in incomp/ltible associations. Delayed necrosis and small syncytia were 
present in some combinations. Those few females that  developed in incompatible soybeans were 
associated with a characteristic syncytium different from the kind seen in roots of compatible hosts. 
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The soybean cyst nematode, Heterodera 
glycines Ichinohe, is a sedentary endopar- 
asite of  the soybean [Glycine max (L.) Mer- 
rill] and of  other plants. Attempts to de- 
velop commercially useful soybean cuhivars 
resistant to this pest have led to limited 
investigations of  the histopathology of  in- 
fections in soybean cuhivars. Ross (16) 
found necrotic cells close to undeveloped 
second-stage juvenile nematodes in Peking 
soybeans. In these plants, females did not 
develop beyond third-stage juveniles, but 
males reached fourth or adult stages. Endo 
(4,5) compared the histopathology of  the 
SCN-susceptible 'Lee,'  resistant 'Peking,' 
and partly resistant F-4 progeny of  a back- 
cross Lee x Peking. Early development of  
syncytia at feeding sites was comparable in 
Peking and Lee. In Peking, the syncytial 
cells around the nematode's head became 
necrotic and the nematodes degenerated 
within 4-5  days. Both nematodes and syn- 
cytia persisted longer in the F-4 backcross 
progeny seedlings, although results were 
variable. Corresponding to the degree of 
syncytial growth and persistence, nema- 
todes developed partly or completely to 
adult malesand  females. Collapsed syncy- 
tia showed necrosis and replacement by 
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parenchyma tissues. Necrosis of  syncytia in 
sugarbeet resistant to H. schachtii (17) and 
in cereals resistant to H. avenae (1) have 
been observed. Partial development ofsyn- 
cytia followed by degeneration was ob- 
served in four clones of  potato resistant to 
the potato cyst nematode. Details of  syn- 
cytial breakdown differed among the clones 
(7). 

Phillips et al. (14) compared invasion and 
development of  Globodera pallida in a sus- 
ceptible, a moderately resistant, and a 
highly resistant clone of  potato. Sprouts of  
the three clones were planted in infested 
soil and lifted at intervals for counts of  the 
nematodes in roots. Invasion by juveniles 
was lowest in the most resistant roots and 
progress toward the adult stage was sub- 
stantially retarded. Both resistant clones 
had a higher ratio of  males to females than 
the susceptible clone. The  difference in en- 
try of  juveniles may result either from dif- 
ference of  attraction and ease of  penetra- 
tion or from difference of  the various clones 
in stimulation of juveniles to hatch from 
eggs in soil. 

Rates of  nematode population attrition 
within plants are virtually unknown. Kerry 
(10) reported that of  100 hatched juveniles 
of H. avenae inoculated on barley 25 en- 
tered roots, 11 reached the J-3 stage, 8 
reached J-4, 5 became adult males, and 3 
developed to adult females. Our  purpose 
was to compare population attrition and 
histopathology in compatible and incom- 
patible nematode-soybean associations. 
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Fro. 1. Reproduction of selected populations of Heterodera glycines on resistant soybean lines. Height of 
bars represents mean number of cysts per plant 25 days after inoculation with 500 larvae (data from 13). 

MATERIALS AND METHODS 

T h r e e  populat ions  o f  SCN, selected and 
mainta ined in g reenhouse  cul tures on PI 
209332,  PI 89772,  and Picket t  71, were 
used in the present  study. Figure 1 com- 
pares r ep roduc t ion  o f  the th ree  popula-  
tions on a set o f  soybean lines and cultivars. 
Popula t ion  209 r ep roduces  on PI 209332 
soybeans but  not  on PI 89772; popula t ion  
89 reproduces  on PI 89772 but  not  on PI 
209332;  and popula t ion  Pic reproduces  
well on Pickett  71 bu t  poor ly  on  Peking. 

Seeds were  tumbled  in water  for  4 hours  
and ge rmina ted  on paper .  Seedlings were 
selected for  un i fo rm length o f  radicles (3 
cm) and spaced 3.5 cm apart  on a double  
layer o f  moistened germinat ion paper .  Root  
tips were covered  with 0.4 cc o f  washed 
Ot tawa silica sand and a d rop  o f  water  
added.  Inoculum,  del ivered in a second 
d rop  o f  water,  consisted o f  200 infective 
juveniles  ha tched  within the  p reced ing  48 
hours  in 0.01 M ZnSO4. Roots were cov- 
e red  with a layer o f  moist germina t ion  pa- 

per  and overlaid with a strip o f  glass. T h e  
ent i re  assembly was enclosed in two plastic 
trays taped  toge ther .  Th ese  were incubat- 
ed for  24 hours  at 25 C in a hor izonta l  
position. Seedlings were  then  washed f ree  
o f  sand and some were  stained in 1 : 1 glacial 
acetic acid and ethanol  containing 0,0175% 
acid fuchsin, then  c leared in lac tophenol  
for  de t e rmina t ion  o f  larval pene t ra t ion .  
T h e  r em a in d e r  were t r ans fe r red  singly to 
3 x 15-cm plastic pipes conta in ing  mois- 
tened,  fumiga ted  H o d g e  fine sand (Typic  
Udipsament) .  Pipes were r andomized  in 
17 x 19-cm crocks and main ta ined  at 27 
C in a water  ba th  in the greenhouse .  Sol- 
uble fert i l izer (20-10-20) was added  at 10- 
day intervals. Because it was difficult to syn- 
chroniz  e soybean germina t ion  and juveni le  
hatch,  seedlings were inoculated in groups  
o f  five or  m o re  each day to accumula te  the 
series shown in Tab le  1. 

Plants were  lifted at intervals and pro- 
cessed for  his topathology.  Washed roots  
were examined  at 25 x magnif icat ion and 
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TABLE 1. Penetrat ion and development of three  populations of Heterodera glycines in compatible (C) and 
incompatible (I) hosts. 

Development 

Combination Days after inoculation 
10 

Nematode 1 &~ 15 20 
population Host J-2 ' 9 ~ ratio ~ 

P-209 PI 209332 (C) 20.4 (37) 3.1 (22) 5.3 1.7 3.1 (29) 2.3 (30i 
Essex (C) 19.1 (36) 4.6 (22) 7.8 1.7 2.7 (28) 3.8 (18) 
PI 89772 (I) 19.8 (37) 1.1 (22) 4.3 3.9 0.07 (30) 0.3 (24) 

P-89 PI 89772 (C) 19.9 (33) 3.4 (22) 7.1 2.1 4.3 (19) 3.0 (22) 
Essex (C) 18.6 (33) 4.0 (22) 9.2 2.3 3.8 (19) 2.6 (19) 
PI 209332 (I) 17.7 (30) 3.3 (22) 5.0 1.5 3.3 (18) 0.2 (23! 

P-Pic Pickett 71 (C) 10.3 (15) 1.0 (15) 3.6 3.6 1.6 (14) -.. 
Essex (C) 10.0 (15) 1.1 (15) 2.4 2.2 1.4 (17) . . .  
Peking (I) 9.6 (15) 0.5 (15) 1.3 2.6 0.6 (15) ... 

Numbers in the columns indicate the mean numbers of nematodes per plant. Numbers in parentheses indicate numbers 
of seedlings inoculated with 200 juveniles each. 

portions with lesions were cut into 0.5-cm 
segments. These were fixed in 3% glutar- 
aldehyde-acrolein fixative, postfixed in 
0.5% OsO4, and embedded in Spurr's resin 
(2). Serial sections 3-5 ~,m thick were cut 
on a rotary microtome and stained with 
0.1% toluidine blue. Whole root samples 
were fixed and stained with the same tech- 
nique described for studies of penetration. 
Nematodes were recovered by dissection 
of the roots and scored for stage of devel- 
opment at 100 x magnification. 

RESULTS 

Penetration: About 10% of the second- 
stage infective juveniles @2) of  P-209 and 
P-89 penetrated into soybean roots within 
24 hours; juveniles of P-Pic were less in- 
fective (Table I). No differences were not- 
ed between penetration in compatible vs. 
incompatible nematode-soybean associa- 
tions. The data are variable, both within 
subsets of  aMngle day and between days. 
Two- to three-fold differences in the num- 
ber of juveniles in a root were commonly 
observed within the set of  roots of a host-  
parasite combination inoculated with nem- 
atodes that emerged on a single day. 

Nematode development: The first molt 
from J-1 to J-2 occurs within the egg. In 
compatible hosts at 27 C, molts occurred 
between days 7 and 13 after inoculation. 
At day 8, the second molt from J-2 to J-3 
was completed. On the next day, the cu- 

ticle of J-3 was observed to have ridges, 
whereas the second cuticle was smooth., 
Cuticular ridges became prominent at day 
10 and the cuticle of J-4 began to appear 
at the anterior portion of the body. The 
molt to adult female nematodes was com- 
pleted on day 12 or 13. By day 13 to 15, 
the adult female contained many eggs. The 
first egg in the egg sac was observed on day 
16. On days 18 to 20 the egg sac contained 
an average of 16 eggs (4-42 per egg sac) 
and at day 22 an average of  123 eggs was 
recorded. At this time, the adult female 
began to change color from pearly white 
to light yellow. At day 25 a few small cysts 
were brown and at day 35 most cysts were 
brown. An occasional cyst was yellowish- 
brown with the egg sac still attached. 

Sexes could not be distinguished at 5 days 
after infection, but by 7 days the nema- 
todes were swollen into sausage shapes of 
the late J-2 and early J-3 stages and sexes 
could be distinguished. Beginning with day 
8, females were observed to be breaking 
through a yellowish necrotic concavity at 
the root surface. Males were smaller and 
deeper within the tissues. Males began to 
uncoil within the fourth cuticle on day 9. 
By day 10 most males were partly out of  
this cuticle. The first vermiform males were 
observed on day 11. 

Sex ratios shown in Table 1 were col- 
lected only on day 10. By day 15 some males 
had left the roots so that reliable numbers 
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were not obtainable. In every combination, 
both compatible and incompatible, males 
outnumbered females. No general pattern 
of sex ratios is apparent in these data. 

Attrition: Nematode attrition began with 
penetration and continued through devel- 
opment. In roots of soybeans compatible 
with P-209 and P-89, the mean number of 
females on day 10 was 3.8. The  average 
male/female ratio was 1.95. Therefore, the 
average number of  males was 7.4 and the 
total developing nematodes averaged 11.2. 
Nematodes present on day i0 represent 
57% of the juveniles (weighted mean) pres- 
ent in roots on day 1, of which females 
comprised 19% and males 38%. Between 
days 10 and 15 there was little further loss. 
On day 15 the mean number of females 
was 3.4 and on day 20 it was 2.8. Thus, 
about 14% of those juveniles that entered 
roots in compatible soybean-nematode as- 
sociations reached the maturing female 
stage at 20 days after inoculation. 

Two different patterns are apparent in 
the incompatible combinations.  Nema- 
todes of P-209 disappeared more rapidly 
from roots of PI 89772 than did nematodes 
of P-89 from PI 209332. Of  the P-209ju- 
veniles present in roots of PI 89772 on day 
1, 27% remained on day 10; females com- 
prised 5.5% and males 21.5%. Females rep- 
resented 0.35% of the invading P-209 ju- 
veniles by day 15 and 1.5% by day 20. 
Nematodes of  P-89 in roots of  PI 209332 
on day 10 represented 47% of the invading 
juveniles; females made up 19% and males 
28%. There  was no further loss of females 
between days 10 and 15, but by day 20 the 
females were only 1% of the original group 
in the roots. Thus, mortality was delayed 
in this combination. Although the data are 
limited, and are variable among separate 
batches of roots, they are nevertheless con-' 
vincing. On day 15, a total of  60 P-89 fe- 
male nematodes were present in 18 roots 
of PI 209332, whereas a total of only two 
P-209 female nematodes were present in 
30 roots of PI 89772. The histopathology 
reflects these different patterns of  mortal- 
ity. 

Histopathology: Two conspicuous phe- 
nomena were observed in the sections of 
infected roots. 1) Early degeneration of 
feeding sites in association with P-209 nem- 
atodes in PI 89772 soybeans was more 

common than those in association with P-89 
nematodes in PI 209332 plants. 2) A char- 
acteristic type of syncytium was associated 
with those few female nematodes that 
reached full development to maturity in 
incompatible associations. 

A healthy soybean root is shown in cross 
section in Fig. 2A. The syncytium associ- 
ated with female nematodes in compatible 
hosts forms a wedge pointed toward the 
center of the stele. The large cells seen in 
cross section (Fig. 2B) are filled with mod- 
erately dense cytoplasm and the walls are 
heavily stained. In longitudinal section 
(Figs. 2D, E), the internal walls are seen to 
be perforated (cf. 9). Figures 2D and E 
compare a syncytium induced in a suscep- 
tible commercial cultivar (Williams) wit'h 
one in PI 89772 induced by a nematode 
from P-89. Both consist of hypertrophied 
cells joined together in an elongated struc- 
ture extending longitudinally in the stele. 
Figures 2B and C compare syncytia asso- 
ciated with male and female nematodes in 
compatible hosts. Male feeding sites are 
usually found in the cortex and pericycle, 
and their cytoplasm stains more deeply than 
that of female feeding sites. The male unit 
of Fig. 2C appears to be at an early stage 
of  degeneration (day 9), whereas the syn- 
cytia that support females remain func- 
tional until the nematode completes its life 
cycles at about day 22 under our condi- 
tions. Thereafter,  syncytial tissue is re- 
placed by parenchyma cells. 

Incompatible combinations result in var- 
ious aberrations of syncytial development. 
Figure 3A shows the rapid necrotic re- 
sponse of a few cells in close proximity to 
the nematode's head. The  second-stage ju- 
venile that penetrated the root remained 
close to this feeding site but did not gro.w. 
Figure 3B illustrates the appearance of such 
a necrotic response in a cleared and stained 
root. In Fig. 3C we see that the nematode 
made some growth and molted by day 18 
but did not reach the adult stage seen at 
this time in a compatible association. The 
feeding site is necrotic; presumably, this 
occurred later than illustrated in Fig. 3B. 
But not every aberrant syncytium is ne- 
crotic. Figures 3D and E compare a syn- 
cytium of a compatible combination fixed 
on day 10 and one of an incompatible com- 
bination on day 9. The  latter is small and 
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the nematode is correspondingly retarded, 
The  syncytium i l lustrated in Fig. 4A 
reached a large size but degenerated be- 
fore day 19 and was replaced by paren- 
chyma cells. 

In all roots a number of infective juve- 
niles remain wfthout growth. Table 2 sum- 
marizes observations on 111 roots fixed on 
day 10 to assess the importance of  the ne- 
crotic reaction on the nematode's arrested 
development. The table shows the follow- 
ing: 

1. The  necrotic reaction is not the sole 
block to parasite success. 

2. In incompatible combinations of P-209 
and P-89 nematodes in soybeans, al- 
most all the undeveloped juveniles were 
associated with necrosis, but in combi- 
nations with P-Pic the proportion of ne- 
crotic reactions was lower. 

3. In compatible soybeans inoculated with 
P-209 and P-89 nematodes, about half 
of the undeveloped juveniles were as- 
sociated with necrosis, but in inocula- 
tions with P-Pic nematodes, the inci- 
dence of necrosis was lower. 

About 20 juveniles of P-209 and P-89 
and 10 of P-Pic penetrated each root (Ta- 
ble 1). The 74 seedlings of  the compatible 
combinations had 105 undeveloped juve- 
niles representing 7% of the total nema- 
todes that penetrated. The  incompatible 
combinations comprise 37 seedlings with 

129 undeveloped juveniles, representing 
17% of the total invading juveniles. 

In every incompatible combination, a few 
females become adult and produce at least 
a few eggs. Such nematodes can be selected 
to give rise to a thriving population on a 
host which was resistant to the population 
before selection (13). The syncytia associ- 
ated with the few selected nematodes are 
distinctly different from all the examples 
given of compatible and incompatible as- 
sociations. Figures 4B and C show two such 
syncytia. They are large, located within the 
stele, and have the typical Cytoplasm of 
functional feeding sites. However, they are 
not elongated. The incorporation of  a se- 
ries of adjacent cells as illustrated in Figs. 
2D and E, and in Fig. 3D, did not occur in 
the growth of the ones shown in Figs. 4B 
and C. We have seen this in every case 
examined in our series. 

Figures 4D and E illustrate a secretion 
deposited from the stylet ofH. glycines into 
the cytoplasm. In Fig. 4E the tip of the 
styler is seen protruding through the cell 
wall. The stylet is surrounded by a seal as 
previously described (6). A thread of tu- 
bular secretion extends into the cytoplasm. 
The area surrounding the stylet appears 
free of  organelles. In another section (Fig. 
4D) the nematode's saliva has a beaded ap- 
pearance, suggesting that it is viscous and 
is extruded in spurts. Cross sections of  se- 
cretions can also be seen. We have seen 

_.._) 

Fro. 2. Sections of noninoculated soybean root and feeding sites of Heterodera glycines in compatible hosts. 
A) Cross section of healthy soybean root (173 x). B) Cross section of root with syncytia associated with a 
female (~) and with a male (=) (114x). Note that the former is within the stele and the latter is in the cortex 
and pericycle. C) Longitudinal section of syncytium associated with a female (4) and with a male (~) (197 x ). 
The latter is more dense and located in the cortex and pericycle and the former is within the stele bordering 
on xylem vessels. D) Mature syncytium of P-209 in cv. Williams, a commercial, susceptible soybean, fixed on 
day 19 after inoculation (108x). E) Mature syncytium of P-89 in PI 89772, fixed on day 19 (116x). (~) 
indicates adult female nematode, (~) indicates syncytium. 

Fro. 3. Sections of SCN-feeding sites in incompatible (I) and compatible (C) soybeans. A) Rapid necrotic 
response, P-Pic in PI 89772 (I), day 21 (181 x). B) Rapid necrotic response, P-209 in PI 89772 (I), day 14, 
whole mount showing no nematode development beyond infective stage (I 32 x). C) Delayed necrotic response, 
P-209 in PI 89772 (I), day 18, whole mount showing partial development of female nematode (214x). D) 
Syncytium of P-209 in PI 209332 (C), day 10 (97 x). E) Syncytium of P-Pic in PI 89772 (I), day 9 (175x). 

FiG. 4. Sections of SCN-feeding sites in incompatible and compatible soybeans. A) Syncytium of P-89 in 
PI 209332 (I), day 19, showing replacement by parenchyma cells and partially developed female nematode 
(198 x). B) Syncytium of P-89 in PI 209332 (I), day 19 (191 x). The syncytium (~) is associated with a mature 
reproducing female (-") in an incompatible combination. Note the absence of lateral extensions of the syn- 
cytium. C) Syncytium (~) of P-209 in PI 89772 (I), day 19, associated with mature reproducing female (~) 
in another incompatible combination (194x). D) Nematode saliva in longitudinal section (~) and in cross 
sections (~) in a syncytium of P-209 in PI 209332 (C), day 19 (1,077 x). C) Cross section of syncytium and 
nematode showing stylet (~) and saliva (~), P-Pic in Pickett 71 (C), day 14 (1,066 x). 
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TABLZ 2. Incidence of necrosis associated with 
undeveloped infective juveniles in various hos t -nem-  
atode combinations on day 10 after inoculation, a 

Combination 

Host Nematode 

% 
Total nematodes 

nematodes with 
in the necrotic 

J-2 stage response 

PI 209332 P-209 (C) ~ 17 (11) b 47 
Essex (C) 12 (11) 58 
PI 89772 (I) 63 (11) 97 

PI 89772 P-89 (C) 11 (11) 64 
Essex (C) 14 (11) 57 
PI 209332 (I) 30 (11) 100 

Pickett 71 P-Pic (C) 25 (15) 36 
Essex (C) 26 (15) 15 
Peking (I) 36 (15) 69 

" C = compatible combination; I = incompatible. 
b Inoculum = 200juveniles per seedling. Numbers of seed- 

lings in parentheses. 

such cytoplasmic inclusions associated with 
the nematode's head commonly in sections 
of syncytia fixed on days 7-19. They are 
more common from day 12 onward. The 
numerous cross sections illustrated in Fig. 
4D suggest that the nematode introduces 
relati'4ely large amounts of saliva into syn- 
cytia. Similar findings have been reported 
by others (3,6,8,12,15). 

DISCUSSION 

The rate of  attrition of nematodes in 
plants has received very little attention. The 
variability of penetration into roots is a 
problem inherent in any attempt to collect 
data of this kind. In our inoculations the 
number of invading juveniles per seedling 
within a series inoculated sequentially from 
the same batch of nematodes has varied 
within a broad range. The lowest number 
of nematodes per root was often one-third 
that of the highest number, despite our 
best efforts to maintain uniform condi- 
tions. 

This work is part of a long-term study 
of  genetics of  the association of  soybeans 
and Heterodera glycines. Our data are not 
surprising except that the pattern of nem- 
atode mortality differed in two incompat- 
ible associations. This difference suggests 
that the genetic control of the incompati- 
ble association of P-209 in PI 89772 rests 

with genes that act very quickly after pen- 
etration, whereas in the association of P-89 
in PI 209332, genes that act later must be 
involved. These differences suggest the ex- 
istence of an array of genes in both nem- 
atodes and soybeans that control the suc- 
cess of  the parasite's reproduction. 

The difference between syncytia associ- 
ated with reproducing females in incom- 
patible hosts and those in selected popu-  
lations in their selecting hosts also points 
to the existence of multiple alleles regu- 
lating the host-parasite interaction. A sec- 
ond selection imposed on already selected 
populations resulted in a change of para- 
sitic ability (11). The fully compatible as- 
sociation, both in "susceptible '' hosts such 
as Essex or Lee with unselected popula- 
tions and in PI 209332 with a selected pop- 
ulation, must result from the interactions 
of  many genes in both host and parasite 
that affect the development and mainte- 
nance of the nematode and its feeding site. 
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Phytotoxin Production in 
Bursaphelenchus xylophilus-lnfected 

Pinus sylvestris 1 
F. SHAHEEN, R. E. K. WINTER, AND R. I. BOLLA 2 

Abstract: Our findings suggest that  i) phytotoxic materials can be isolated from Bursaphelenchus 
xylophilus-infected Scots pine, but  not  f rom noninfected pines; ii) the phytotoxins cause wilting of 
45-day-old and 2-year-old pine seedlings in a dose and species dependent  manner;  iii) the phytotoxins 
are produced early in the infection, accumulate or increase with time, and may function to suppress 
water t ransport  in the tree; and iv) the phytotoxins are lipid materials of low molecular weight 
which are not acidic. 

Key words: pinewilt, Scots pine. 

Pinewilt caused by Bursaphelenchus xylo- 
philus (Steiner and Buhrer, 1934) Nickle, 
1970 is epidemic in Japan (4,8) and may 
soon eliminate Pinus densiflora and P. thun- 
bergii (8). Since the report  of this infection 
in P. sylvestris in Columbia, Missouri, in 
1979 (2), the disease has been reported in 
the United States from 33 states in 23 pine 
and 7 nonpine species (3,6,13,14). Several 
states, including Missouri and Illinois, have 
reported serious, widespread infestation of  
B. xyIophilus pinewih, particularly in P. syl- 
vestris and P. nigra (1,7). 

The  nematode, which resides in the lat- 
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eral and radial resin canals of  the infected 
pine, is transported from stressed or dead 
trees to healthy trees by an insect transport 
host. The  main insect vectors in both the 
United States and Japan appear to be ce- 
rambycid beetles (5,6,9). Infective third- 
stage larvae overwinter as dauer larvae in 
association with the insect pupae in pupal 
chambers in the infected tree. Upon eclo- 
sion of  the pupae,  the larvae enter the 
tracheae and spiracles of  the insect. As 
emerging young adult beetles undergo 
maturation feeding on growing shoots of  
an uninfected tree, the nematodes leave 
the insect and enter the tree through the 
site of  wounding, migrate to the resin ca- 
nals, and develop to adults. The  adult nem- 
atodes feed on the epithelial cells and re- 
produce in the resin canals (8,10). 

In P. sylvestris this infection is character- 
ized by rapid total wilting (8); in P. nigra 
rapid wilting occurs in areas of  the tree 
followed by progressive total wilting within 
9 months (7). The  initial symptoms of the 
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