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Abstract

The pine wood nemarode, Bursapbelenchus xylophilus was found on balsam fir in Minnesota and
Wisconsin but was apparently not the primary cause of tree mortality. Unlike 8. xylophilus from pine,
adult females from balsam fir had mucronate tails similar to those of B. mucronatus. However,
B. xylophilus from balsam fir mated with B, xylophilus from pine and not with B. mrcronatus, The
balsam fir isolaze of B, xylophilies was pathogenic on greenhouse grown balsam fir seedlings and did not
kill Scots or red pine seedlings. The converse was true for a pine isolate of B. xylophilus from Minnesora
which killed pine and not balsam fir seedlings. Pine and balsam fir isolates of B. xylopbilus reproduced
equally well on cultures of Botrytis cinera, but the balsam fir isolate reproduced minimally on cultures of
Ceratocystis ips.

1 Introduction

The pine wood nematode, Bursaphelenchus xylophilus Steiner and Buhrer has caused severe
mortality of native pine species {Pinns thunberghii Parl. and P. densiflora Sieb. et Zucc.)
in Japan (Mamiya 1972, 1976; Mamiya and Enpa 1972). B. xylophilus is transmitted to
branches of healthy pines during maturation feeding by cerambyeid beetles {Coleoptera:
Cerambycidae) (Mamiva and Enpa 1972; MorimMoTo and Iwasaxr 1972). The biology
and etiology of the pine disease caused by B. xylophilus in Japan has been reviewed
(DrorriN et al. 1981; Mamrva 1972, 1976; WinGrieLD etal. 1982a). B. xylophilus was first
found in the United States in 1979 {Drorrin and Founin 1979) and has since been widely
reported throughout the country on pines and other conifers (Rossins 1982). The biology
of B. xylophtlus in the United States appears to be similar to that described in Japan although
its role as a primary pathogen of native North American pines has been questioned
(WinGFIELD 1982 a; WinGrIELD er al. 1982 b).

Japanese researchers have suggested that B. xylophilus is native to the United States and
that it was introduced into Japan (WingrisLp et al. 1982 a). Evidence that B, xylophilns was
present in this couniry during the early part of this century (Nickvre et al, 1980) supports this
hypothesis. Isolates of B. xylophilus from Japan and the United States have been compared
and appear similar in morphology, however, the Japanese population was more pathogenic
(Konpo et 2l. 1982). Differences berween populations of B. xylophilus within the United
States have not been reported. This paper presents evidence of a variant of B. xylophilus on
balsam fir [Abies balsamea (1..) Mill.] in Minnesota and Wisconsin, USA.

' Paper No. 13404, Scientific Journal Series, Minnesota Agriculrural Experiment Station, St. Paul
55108.
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2 Materials and methods

2.1 Fieid observations

Dead and dying (30-50 years old) balsam fir located on the Cloguer Foresery Center (Carlton
Co. MN, USA) and the Niceler State Forest, Eagle River, W1, USA were examined for the
apparent cause of mortality. In Cloquer, symptoms were typical of those of a root disease,
with dead rrees in the center of a pocket surrounded by trees at various stages of decline
{Fig. 1). Fifreen recently killed trees, two with early crown symptoms and five healthy trees
avthe periphery of the disease center were examined. Root systems of trees were exposed and
exarsined for signs of disease. Isolatons from diseased roots were made on Difco mak
axrract agar (MEA) containing 0.01 % Streptomycin sulphate and 0.4% lactic acid on 2
selective medium for the isolation of basidiomycetes (BLancHETTE and Snaw 1978), Trees
were felled and two-inch thick discs of wood were removed from the bortom, middle and
top thirds of the bole for nemarode extractions.

In Eagle River, approximately 14,000 ha of balsam fir and black spruce (Picea mariana
Mill. B.S. I} were dead or dying (Fig. 2. Mortality of these trees was astributed to atrack by
spruce budworm, Choristonenra fumiferana (Clemens). Ten recently killed balsam fir and
five black spruee were felled and examined. Three bolis, 15 em long were removed from the
botzom, middle and wop thirds of the bole of each wree for nematode exzractions.

MNematodes were extracted from 6090 g sub-samples of the wood and bark separasely,
using Baermann funnels (Sourney 1970). Nematodes were identified and concentrated in a
clinical, swing bucke: centrifuge. After rwo washes in sterile water, sterilization 1n 0.1%
Serepromycin sulphate and rwo post-sterilization washes in sterile water, nematodes were

placed on mycelial mais of Botrytis cinerea Pers. ex Fr. growing on Difco potato dexirose
agar (PDA) in 125 ml flasks.

2.2 Nematode identification

Adul male and female nematodes resembling B, xylophilus from the original extractions and
from cultures on B. cinerea were identified and compared morphologically with isolates of
B. xylophilus from pines in Minnesota and B. mucronatus from Japan. A culture of one
isolate of the nematode in balsam fir from Clequet was retained. This isolate was transferred
o fresh coltures of B, dinerea every two months and the morphology of the nematodes re-
examined after every transfer for one year,

Nematodes from the isalate of B. xylophilus from balsam fir were mated with B. xylo-
philus from Scots pine {P. splvestris L.} in Missouri and with 8. mraonatas from Japan.
Mating combinations included: 1. female 8. xylophiles from balsam fir with males of the
same isolate; 2, females From balsam Br with males from pine; 3, females from pine with males
from balsam fir; 4. females from balsam fir with males of B. mucronatus (Table 2).

PFive, late fourth stage (final moulting stage) female nematodes and ten adult male
nematodes of each combination were placed on a drop of water on a sterile coverglass. The
larval females were aflowed 1o moult 10 the aduk stage after which nemarodes were re-
examined microscopically on the coverglass to confirm thart five adult fesales were present.
Coverglasses were inverted onto the mycelia of B, ainerea cultures on PDA in 6 cm Petnt
dishes, After incubasion at 25 C for 14 days, nematodes were extracted in plastic weighing
boazs and counted. Each mating combination was replicated between three and six nimes

{Table 2).
2.3 Seedling inoculations

An isolate of B. xylophilus from Austrian pine growing in Zimemerman, MN, USA, and the
isolate from balsam fir from Cloguer, MN maintained on cultures of B. vineres in one litre
flasks for 4 weeks ar 25°C were used for inoculations. Control inoculations were with a
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slurry from a nemarode free culture of B. cinerea blended with distilled water. The top 1 cm
of each seediing was excised and 2 recepracle was made around the cur surface with
waterproof tape {Fig. 3). The inoculum was placed in contact with the cut surface of dhe
seedling and the recepracle was closed.

Inaculations with the two isolates of B. xyfophilns were as follows: 1. 3-year old nursery
grown red pine {P. resinosa Ait.) and balsam fir (30 of each species) inoculated with 2000
nematodes while an equal number of each species served as controls; 2. 3~year old nursery
grown Scots pine and approximately 3-year old field-collected balsam fir seedlings ino-
culated with 2500, 5000 or 10000 nematodes from the twe isolates of 8. xyplophilns (20
seedlings per treatment including controls); 3, 3-year old black spruce inoculared with 5000
nematodes (30 seedlings with each of the two nematode isolates and 30 control secdlings).

Inoculured seadlings were maintained in the greenhouse {approximately 25°C} and
observed at weekly intervals for 4 montis. Red pine and balsam fir which died after
inaculation with 2000 B. xylaphilis were uprooted, washed and placed in Baermann funnels
to extract nematodes, Nematodes present in these dead seedlings were identified micro-
scopicaily but were not counted. Scots pine and balsam fir inoculated with 2560, 5000 or
10000 nesatodes which had died or had dead rops were divided into root {approximately
1 g dry weight) and top {approximately 3 g dry weight) samples and placed in plastic
weighing boats to extract nematodes, In addition, nematodes were extracted from the roots
and tops of 5 asympromatic seedlings from each treazment including the controls and from
the roots and above ground parts of 10{5 inoculated and 5 conrols) black spruce in a similar
manner {Table 5). All nemarodes extracted using plastic weighing boats were identificd and
counted.

2.4 Reproduction on fungi

Reproduction of nematodes from the isolates of B. xylophilus from balsam fir and pine used
in seedling inocularions were compared at 15, 20 and 25°C on cultwres of B. cinerea on PDA.
Ten late fourth stage female and five adul male nematodes were placed on a drop of distilled
water on a sterile glass coverstip which was inverted onto the mycelium of B. cinevea, Five
replicates of cach wreatment were maintained in Petri dishes for 30 days.

Reproduction of the rwo nematode isolates were also compared on Perri dish cultures of
B. cinerea, Diplodia pinea {Desm.) Kicks, Verticicladiella procera Kendrick, and Cerato-
cystis ips Rumbold. Fifty larvae (second stage} were placed in 2 drop of sterile distilled water
on a sterile coverslip which was inveried onto the mycelium of the various fungi. Ten
replicates of each treatment were maintained at 23°C for 33 days. Nematodes were extracted
from fungal cultures using Bearmann funnels and counted.

3 Results

3.t Field observations

Al dead and dying wees in Cloguer had white mycelial mats, cypical of Armillaria mellea
(Fr.) Kummer root rot under the barck of the roots and root collar. Roots of trees at the
periphery of the infection centers had signs of A. mellea under the bark and the fungus was
isolated from the lesions. In addition t root disease, trees had heart rot {Fig. 4} from which
Odontiz bicolor {Alb. and Schw ) Bres. was isolated. The 15 dead trees examined were all
infesred with the bark beetle, Pityokteines sparsus (LeC.) (Coleoptera: Scolytidae). Trees
with early symptoms of root disease as well as healthy trees had no signs of insect atack.
Smali numbers {less than 10 adults) of B. xylophilus were extracted from the weod but not
from the bark of all dead irees colonized by insects (Table 1}.
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Figs. i—4. Dving balsam fir and seedbing inoculated with 8. xylophifus, 1. Balsam fir and spruce {arrows)

in Eagle River, W1 dying from spruce budworm infestarion, 2. Pocker of dying balsam fir in Clequer,

MN with Armillaria root disease and Odontia bicolor butt ror. 3, Balsam fir seedling inoculated with
B. xylophilus. 4. Section of balsam fir bole showing rot associnted with Q. bizelor

Table 1

Association of bark beetles (Coleoptera: Scolytidae), borers {Coleoptern: Cerambyeidae) and
B. xylophitus on balsam fir and black spruce in Minnesota and Wisconsin

[ g .
i . Number of wees with Other forest
“Locations ] Freespecies | Treeheshh Noo __{fuss B, xylophiles | insects and
waamined  Back beetdes | Tarers diseases
nhark }in wond
| Eagle River  balsam fir dead HY 0 10 ! i SBW
Wisconsin black spruce  dead 5 5 3 0 Q SBW
Cloquet balsam fir healthy 5 0 8 0 0 -
Minnesota dying 2 0 ¢ o 0 ARR
dead i3 15 15 g i3 ARR
QRBR
ARR = Armillaria root rovy OBBR = Odosnita bicolor butt rot; SBW = Spruce bud worm.
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in Eagle River W1, balsam fir and black spruce killed by the spruce budworm had also
been infested by bark beetles (P. sparses) and wood borers. B. xylophilus was extracted from
the wood and bark of only one balsam fir tree and was not found in black spruce (Table {3,
Less chan 10 adule 8. xplophilus were present n any sub-sample of the single balsam fir con-
taining the nematode.

3.2 Nematode identification

Adult male B xylaphilus extracted from balsam fir were indistinguishable from those
extracted from pines in Minnesota and Wisconsin. The wils of the adulr females were
distinctly mucronawe {Fig. 5], unlike those from pines and more like B, mucronatus (Manmiva
and Expa 1979}, The mucronate mails of B, nutcronatus were, however, slightly shorter and
less pointed than these of 8, mucronatns were, however, slightly shorter and less pointed
than those of B. xylophilus from belsam fir (Fig. 5). Tails of adult female 8. xylophifns from
balsam fir maintained their distinet morphology after six transfers at 2-month intervals.

A

N

'

5 20Uum

Fig. 5. Tails of adult female 8. xylophilus and B. mucronarns, A, B. xylophilns from pine in Minnesota.
B. B.xylophilns from balsam fir in Minnesors. C. B. mucronatus

Female B. xylophilus from balsam fir mated with male 8. xylophilus from balsam fir and
with male and female B, xylophilus from pine, The average number of nemarades resulting
from the cross besweeen the nematodes from pine and balsam Hr were considersbly lower
than those from the cross of the nemarodes from balsam fir with itself {Table 2}. The nema-
todes from balsam fir did not mate with B, mucronatus from Japan {Table 2).

Table 2

Mating between B.xylophilus from balsam firin Minnesota with B. xylophilus from pine in Missouri
and B. mucronatus from pine in Japan’

Mating combination” !

_ Numberof | Average sumber of nematodes o sduizs e females with
Male | Female replicares per Porr dish BreiTonse s
Bxb Bxb 3 19280 t3.8 1¢0
Bxb Bxp 3 8392 7.6 £8.2
Bxp Bxb 3 6 M7 27,0 68.2
Bxb Bm & 21 70.6 -

' Data published is Kowno exal. 1982, 7 Bxb = B. sylophilus from balsam fir; Bxp w 8. xylophilus
from pine (Missourt); Bm = 8. murcronasis from pine {Japan).

3.3 Seedling inoculations

Eight of 30 red pine seedlings inoculated with 2000 8. xylophilus from pine died within four
months while no seedlings inoculated with the balsam fir isolate of B. xplophifus died
{Table 3}. Similarly, nine balsam fir seedlings inoculated with B. xylophilies from balsam fir
died {Fig. 6) whereas no seedlings inoculated with the pine isolates died. Control red pine
and balsam fir seedlings rematned healthy (Table 3}
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Tuabie 3

Mottality of 3-year-nld red pine and balsam fir seedlings inoculated with B. xylophilys from balsam
fir and pine after 4 months

. Number of trees
Specics inoosbired Inoehum sourge Bond Healthy
Bed ping balsam Br ¢ k1
pine & 22
no nematodes 0 kit
Balsam Hr balsam Br 4 24
ping 0 0
0o pematodes o kit

Moralivy of Scots pine inoculated with B. syplophilis from pine (Fig, 7} varied depending
on the inoculam load (Table 43, The terminal shooss of two seedBings inoculared widh 10600
were killed. Scots pine seedlings inoculated with B. xylophilus from pine (Table 4) appeared
to be more susceptible than red pine inoculated with the same nematode isolare (Table 3).
Two Scots pine seedlings inoculated with the balsam fir isolate of H. xylophilus died. This was
unlike the resuits obtained from inoculation of this nematode on red pine seedlings (Table 3)
and may indicate » greater degree of susceptibility of Scots pine to B. xylophilus.

Figs. 6-2. Scots pine and balsam fir secdlings insculated with 8. xplophilus. 6. Dead Scots pine seadling

farrew) inoculated with 8. svlophitns from pine and noninoculned seedling. 7. Balsam fir scedling

moculated with 8. xylephilus from balsam fir (arrow} and noninoculared seediing. §. Field collected

balsam fir seedling inoenjated with B, xplophibes from balsam 8r showing only top mornliy. Living

branch with new geoweh (arrows) at base of dead top. 9. Adventitious buds {arrow) at base of inocufa-
tion point of Scots pine seediing which did not die afrer B, xyfophifus infestation
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Table 4

Mortality of 3-year old Scots pine, balsam fir and black spruce inoculated with isolates of
B. xylophilus from Austrian pine and balsam fir

Number of trees’
Species inoculzed Inoculum souree No. of avnmrades Heabthy E Dead tap E Do

Scots pine pine 2500 i2 0 8
5400 8 g 12

15600 7 2 1 1

balsam fir 2500 19 ] I

5000 {9 a i

1GH00 20 o} 4]

no nematodes - 20 Q o

Balsam fr pine 2500 20 o 0
3000 20 ¢ Q

000G 20 0 0

balsam fir 2500 i 2 0

3000 13 4 3

1000 i3 7 G

no nematades - 20 2] 0

Black spruce pine 5400 0 & 0
baisam fir 5000 20 e 0

no nematodes - 20 g 0

' 20 seedlings inoculated for each treaement.

Field collected balsam fir seediings inoculated with the pine isolate of B, xylophilus did
not die irrespective of the number of nematodes applied (Table 4). Although some balsam fir
seedlings inoculared with 5000 nematodes from balsam fir died (Fig. 6), a2 more common
symprom observed was death of the seedling tops (Fig. 8). More seediings with dead tops
resulted when greater numbers of nemarodes were spplied (Table 4). Al seedlings inoculated
as comrols remained healthy. Seedlings inoculated as controls and those thar did not die as
result of nematode inoculation developed adventitious buds just below the point of inocu-
lation approximately rwo weeks after inoculadon (Fg. 93

Black spruce seedlings inceulated with the two isolates of B. xylophilus remained
asympromaric. Similarly, no mortality was observed in the control inoculations of the
spruce seedlings (Table 4).

Nematodes were extracted from all red pine and balsam fir seedlings which died after
inoculation with 2000 B, xylophilus of the two different isolates. Adult male and female
nematodes were identical to those used in the inoculadons. The mucronate rails of the female
B. xylophilus from balsam fir remained present in the nemarodes after exrraction from dead
seedlings. Nematodes extracted from tops and roots of dead and living balsam fir, Scots pine
and black spruce were also examined and found to be morphologically similar to those used
in the inoculations. The average number of nematodes extracted from the tops and roots of
these seedlings are presented in Table 5. Higher numbers of nematodes were extracted from
the root samples than from the tops. Balsam fir seediings with dead rops after inoculation
with B. xylophilus from balsam fir, most commonly contained nematodes only in the dead
ussue. One seedling with 2 dead top inoculated with 2500 nematodes from balsam fir
conuained higher numbers of B. xylophilis in the roots (Table 5) than above ground parss of
the secdling.

Although spruce seedlings showed no symptoms after inoculation with the two
nematode isolaes, samples from the rops of these seedlings yielded small numbers of B. xylo-
philas. No nematodes were present in the control seedlings {Table 3).
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Table 5
Numbers of B, xylophilus exteacted from roots and tops of Scots pine, balsam fir and black spruce

seedlings 4 months after inoculation with 0, 2500, 5040, 10000 nematodes

Mumber of trees Namber of Average number of nematodes extracwd
Tree speeivs | Tree health | e rees [NUmbEr O3 B N ematode sparee
sampled todes insculated Roos ! Tops
Scots dead ) 2000 pine 289.0 139.8
pine 4 5000 pine 2455 173
3 16000 pine 318 1138
dead 1 2500 fir 234 30.0
1 5000 fir v 6.0
living 5 2500 pine 32 17.6
5 5000 pine 5.9 %.0
5 10000 pine 6.6 31.8
living 5 2500 fir 0 o
5 5000 fir 1 25
5 10060 fir 0.8 23
living 5 0 0 ]
Balsam  dead top H 2500 fir 120 3.0
fir dead 2 5000 fir 38,5 3.0
dead rop 2 5000 fir ¢ 2.0
dead top 4 10000 fir o 0
Balsam  living 5 25300 fir 26 Q
fir 3 5000 fir o it
5 13008 fir 0 0
fving 5 2500 pine 0 a
5 5000 pine O g
5 10000 pine 0 it
living 0 0 Y
Black living & 5000 0 3.8
spruce 5 5000 g 1.2
living 5 ] 5} 0

3.4 Reproduction on fungi

Reproduction of the two nematode isolates did not occur at 15°C (Table 6). The number of
nematodes recovered from plates mainrained at 25°C was approximately the same for the
two isolates, Reproduction of B. xylophilus from balsam fir was considerably slower ar20°C
than that of the pine isolate of B. dneres (Table 6),

Nematodes of both isolates reproduced best on cultures of B. cinerea {Table 7). Approxi-
mately the same number of nematodes were recovered from plates represenzing the rtwo
different isolates of B, xylophilus. The pine isolate of B, xylophilus reproduced well on

Table 6
Reproduction of B. xylophifus from balsam fir and pine on Botrytis cinerca at 15, 20 and 25°C

Namber of nematode’

Nematode isohace l

15°C 0°C | 250
Pine 2.0 2884 35475
Fir 1.2 5250 35309

* Average number of nematodes recovered from 5 Perri dishes afeer 30 days.
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Fable 7

Reproduction of B. xylophilus from balsam fir and pine on Botrytis cinerea, Diplodia pinea,
VerticicladicHa procera and Cerarocystis ips

Number of nematodes
Fangus Piac isalate i Fir isolate
B. cinerea 295607 28904
D, pinea 3638 i85
V. procera 5015 1580
C.ips £3405 94
' Average number of nematodes recovered from 10 Petrd dishes maintained az 25°C for 33 days.

culrures of C, ips while the balsam fir isolaze did notappear to reproduce on this fungus. Both
nematode isolates reproduced on V. procera although better reproduction occurred with the
pine isolate. Comparatively low numbers of nemarodes were recovered from cultures of
D. pinea although numbers of 8. xylophiins from pine were more than double those of the
balsam fir isolate on this fungus,

4 Discussion

B. xylophilus did not appear to be the primary cause of balsam fir morwality in either field
location. Only rrees thar had been colonized by bark beetles and boters contained 8. xylo-
philus. These observations are similar to those previous reports associating B. xylopbilus
with stregsed pines in Minnesota, Jowa and Wisconsin (WINGFIELD et al. 1982 b). Nema-
todes were absent from dying trees not attacked by insects. Itis probable that the nemarodes
were transmitted 10 these trees during Cerambycid oviposition. This has been shown to
occur in the United States (Luzzt and Tarjan 1982; WineriELD 1982 a) and is thought 1o
ogeur in Japan (MaMiya personal communication}.

The nematode isolate from balsam fir was morphologically similar to B. mucronarus
{(Mamrya and Enpa 1979). The major morphological characteristic separating B. mucronatns
from B. xplophifus is the mucronate tail in adulb female of B. mucronatues (Mamrya and ENpa
1979). The mucronate tails of adult female B. xylophilus from balsam fis were, however,
more pointed than those of B. mucronatus. B. mucronatus does not maze with 8. xylophilus
(Mamrya and Exna 1979; Konpo eral. 1982). The fact that the nemaredes from balsam fir
mated with B. xylophilns and not B. mucronatus suggests that the former nematode is a
morphological variant of B. xylophifis regardiess of its similarity with &. mucronatus,

Mating combinarions between pine isolates and balsam fir isolates of B. xylophilns yielded
lower numbers of nematodes than did the cross of the bajsam fir isolate with irself (Table 2).:
This indicates some differences between the pine and che balsam fir Isolates of B. xylophilus.
The marings berween the balsam fir isolate of B. xylophiins and B. mecronatus produced
sterile hybrids which did not give rise to established populations of the nemarode.

Initial inoculations on red pine and balsam fir seedlings indicated that 8. xylophilics ori-
ginating from balsam fir was selectively pathogenic on fir and the pine isolate pathogeni
only on red pine seedlings. Subsequent inoculations using Scots pine and balsam fir seed-
lings, however, resulted in limited mortality of Scots pine inoculated with 8. xylophilies from
balsam fir. This result reinforces previous observations that Scots pine seedlings are more
susceptible to infection by B. xylophilus than are red pine seedlings (FuTar and Furano
1979; Drorrin eral. 1981; Konpo eval. 1982}, Field collected balsam fir seedlings appeared
to be more resistant 10 infection by B. xylophiins from balsam fir than greenhouse grows
seedlings, This may be due to the presence of more succelent tissue in the greenhouse main-
tained seedlings.
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Dead top symproms were most common when seedlings (balsam fir and pine) were
inoculated with 10000 nematodes. Itis possible that the greater number of nematodes caused
more damage to the tops of the seedlings, The resulting dead tissue may then have prevented
nematode movement into the remaining portion of the seedling. This theory is supported by
the small number of nematodes extracted from balsam fir seedlings with dead rops (Table 5).

Considerably greater numbers of nematodes were extracted from Scots pine seedlings
inoculated with nematodes from pine than were extracted from balsam fir seedlings inocu-
lated with nematodes from balsam fir. This may be attributed to the fact that Scots pine
contains resin canals through which nemarodes are reported to move (Maniya 1972, 1976},
Palsam fir lacks resin canals (Pansumv and v Zesuw 1964) which may limis the movement
and development of the nematodes in the seedlings. The reason that higher numbers of
nemarodes were extracted from the roots than from the tops of seedlings may be due to the
rops drying out. Although the tops of the seedlings die, the roots remain moist and better
suited to nematode survival. Similarly, the relatively low number of nematodes extracted
from dead seedlings may be due to a lack of food and moisture in dead tissue.

Several living balsam fir and pine seedlings contained low numbers of nematodes four
months after inoculation in spite of the fact that no symproms were evident, Fewer nema-
todes were found in living Scots pine seedlings inoculated with B. xylophilus from balsam fir
than those from pine. This supports the hypothesis that the pine isolate of B. xylophilus is
better suited to lHving in pine. Nematodes were never found in balsam fir seedlings
inoculated with B. xylophilus from pine. This supports the evidence that balsam fir 1s a less
susceptible host of B. xylophilus perhaps attributable to the absence of resin canals as
mensioned above.

B. xylophiixs has been reported 1o occur in black spruce (Rospins 1982). The fact that
neither of the nematode isolates used in these inoculations were able o kill black spruce seed-
lings suggests that different physiclogical races of B. xylophilus exist. This study presents
evidence of an isolate of B. xylophilus from balsam fir apparently better suited to colonization
of its host of origin, We may speculate that isolates of B. xylophilus found in black
spruce will be seleczively pathogenic on seedlings of that host. On the contrary, however,
isolates of B. xylophilus from larch Larix laricina (DuRoi) K. Koch and pine are equally
pathogenic on pine and larch seedlings (Berepant 1982),

Cerrain cerambyeid species such as Monochanes scutellatus Say. are associated with
B. xylophilus in the North Central United States (WINGFIELD and Brancurrrs 1983). This
insect is known to infest many pine species as well as balsam fir, spruce and larch in the
area (WiLson 1962). The capacity for B. xylophiins to be transmitted to conifers other than
pine by beetles emerging from pine therefore exists. Whether M. scutetlatus emerging from
one conifer species feeds and oviposits on other species and in turn transmits B. xylophilss is
unknown.

Differences in growth and reproduction of the two nematode isolates on different fungi
may be related to their ecological origins. Botrytis cinerea is a weakdy pathogenic fungus
associated with the grey mould disease of many plants (WessTER 1980) and to our know-
tedge has not been isolced from coniferous wood. Norwithstnding this fact, both nema-
tode isolates grew well on this fungus as has been observed in previous studies (DozoNo and
Yosuipa 1974; Konpo ctal. 1982). Diplodia pinea is a common, weakly pathogenic fungus
usually found associated with die-back and tip blight of pines (PunrtHALINGHAM and
WaTerson 1970). Although it oceurs on pine and not balsam fir, this fungus is not likely to
provide 2 food source for B. xylophilus in nawre, since it is not commonly isolated from the
wood of dead trees. The slow development of B. xylopbilns on this fungus may support this
view.

Ceratocystis ips is transmitted by various Scolytid bark beetles (Upnapyay 1981) and is
the fungus most commonly isolated from blue stained timber in the North Central United
States {Authors unpublished; Flimzrick 1982). Recent research has shown than B. xylo-
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philus is reansmitted to cut nmber and dying trees (Wineriern 1982 a) during oviposition
(Wrnortenp and BrancHerTe 1983). Once transmitted to cut timber or dying trees, the
nematode is thought to perperuate irself on fungi such as C. jps which transmitted to imber
close o the same time that Cerambycid oviposition occurs (WincrmmLp 1982b). C. ips does
not, however, oceur in balsam fir which Is less extensively colonized by blue stain fungi
(Authors unpublished). The association of B. xyfophifus with C. ips in dead pines in
Minnesota and the lack of this association on balsam fir may explain why B. xylophilus from
pine feeds readily on C. fps in culrure while the balsams fir isolate of B. xylophifns does not
reproduce on this fungus.

Differences berween isolates of B. xylophilus from balsam fir and pine are based on
experiments using single isolates of the nematodes. All adult female nematodes extravred
from balsam fir in this stady had mucronate tails which suggests thar the isolate used in
laboratory and greenhouse experiments is represenzative of a population of 8. xylophilus
present in balsam fir. The presence of other biological variants of B. xylophilus in conifers |
inchuding balsam fir is likely. This view is supported by reports of isolates of B. xylophilus
of varying pathogenicity from pines in Japan (J. W. RerrLz, Forest Sciences Laboratory,
University of Nebraska, personal communication). The possible existence of more patho-
genic races of the nematode present in different parts of the world and the significance of°
this faet in quarantine measures deserves furrher arrention.
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Sumumary

Bursuphelenchus xylophilns was found on balsam fir which were dying primasily of roos disease and
insect infestarion. Adult female nematodes from balsam fir had mucronate wils simiar 1o those in
B. mucronatus. Nematodes from balsam fir did not mate with 8. muconatus bur did mate with
B. xylophilus from pines, The nematode from balsam fir is considered a morphological variant of
B. xylaphiiues vegardless of its similarivy with B. mucronatus. 8. xylophilus from balsam £r killed onh
balsam fir seedhings while a pine isolate of the nematode killed only pine scedlings in greenhouse inoew
lations. Both nematede isolates reproduced well on colrures of Batryrés cinerea but only the pine isolat
gE]B.,x}ré'?pbilm seproduced on Ceratocystis ips, a fungus common on pines but which does not ocour ic
alsam fir.

Résumé

Comparaison du nématode habitant Ie bots de pin, Bursaphelenchus xyfophilys, selor gu'il est extrat &
pin on di sapin bannrier

Lenémarode du bois de pin, Brrsaphelonchus xylophilns 2 é1é découvert sur sapin baumier au Minneso]
et dans le Wiscopsin, mais apparermment il ne constituait pas fa cause primatre de la mortalicé dos arbre
A la différence du B, xylopbilus issu des pins, les femelles adultes provenans du sapin baumicr ont d

appendices mucronés semblables 3 ceux dF:: B. mucronas, Toutefols, B, xylophilns provenant du sap

bawmier peut dure croisé avee B, xylophilus venant du pin et pas aver B, miscrongtns. Les individus isol
sur sapin baumier sont pathogines pour des semis de sapins baumiers élevés en serre et pe tuent pas i
semis de pin sylvestre ev de Pirus resinosa. Linverse est veai de B. xylophilus isclé de pins dans le Minsi
sota qui tue les semis de pins ot pas ceux de sapin baumier. Les isolats de B. xylophilis issus de pins e
sapin baumier se reproduisent tous deux bien sur des enlrures de Botrytis cirerea, mais Pisolat issu ¢
sapin baumier se reproduit wis falblement sur des cultares de Ceratogystss ips.
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Zusammenfassung

Ein Vergleich des Kiefernbolz bewolmenden Nematoden Bursaphelenchus xylophilus ans Kiefer und
Balsamtanne

Bursaphelenchus xylophilus wurde in Balsumtannen gefunden, bei denen primir Wurzeleckrankungen
und insckrenbefall zum Absterben fihrien. Erwachsene weibliche Nematoden aus Balsamannen
hatren stachelspitzige Hinterenden, Ghalich denen von B, mucronatus. MNematoden aus Balsamtannen
paarten sich nicht mit &, mucronatus, wohl aber mit B. xylophilus aus Kiefern, Die Nemaroden von der
Balsamtanne werden trotz threr Ahnlichkeit mit B. mucronatus als morphologische Variante von
B. xylophilus angeschen,

B. sylophiltus von Balsameannen brachee nur Simbinge dieser Baumary zum Absterben, wihrend
Nematodes: von Kiefeen bel Inokulationen im Gewichshaus nur Kicfernsimlinge abtéreren. Beide
Nematodeniselierungen vermehrien sich gut auf Kulruren von Botryeis cinerer. Auf Ceratocystis ips,
cinemn hiufip an Kicfern, nicht aber an Balsamtannen vorkommenden Pilz, vermehrte sich nur das
B. xylophilus-Tsclat aus Kiefern.
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