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ABSTRACT

WINGFIELD, M. J, and P. S. KNOX-DAVIES. 1980. Root disease, associated with
Verticicladiella alacris, of pines in South Africa. Plant Disease 64:569-571.

A disease of Pinus pinaster and P. radiata associated with root infection by Verticicladiella alacris
was common at roadsides, and wounding appeared to be necessary for infection. All infected trees
were colonized by the European bark beetle, Orthotomicus erosus, and V. alacris was isolated from

Hylastes spp. in diseased roots.

Verticicladiella wagenerii Kendrick, V.
procera Kendrick, and other Verti-
cicladiellaspp. are known root pathogens
in other parts of the world (6,15,17,18).
Infected trees are attractive to bark
beetles (Coleoptera: Scolytidae) (1,9,
11-13), which have been recorded as
possible vectors of V. wagenerii (5).
During a preliminary survey of diseases
of exotic forest trees in South Africa,
Verticicladiella alacris Wingfield &
Marasas (19) was found associated with
the roots of diseased Pinus pinaster Ait.
and P. radiata D. Don. This paper
describes the disease and its association
with bark beetles.

MATERIALS AND METHODS

Diseased P. pinaster and P. radiata
trees were examined in 13 centers in the
following areas of the Western Cape
Province: Cape Peninsula (Tokai State
Forest), Franschhoek (La Motte State
Forest), and Grabouw (Grabouw and
Lebanon State Forests).

Root systems were excavated and
sampled. A sledge microtome was used to
section infected roots, and isolations were
made on half-strength malt extract agar
(MEA) (10 g of Difco Maltextractand 15
g of Difco Bacto Agar per liter). Cultures
were routinely maintained at 24 C.

One lateral root on each of 10 10-yr-old
P. pinaster trees was inoculated by
removing a 9-mm cambial disk with a
cork borer and replacing it with a disk
from a 2-wk-old culture of V. alacris on
MEA. Inoculation points were covered
with moist paper towels and plastic film,
and the soil was replaced. Two-month-
old P. pinaster and P. radiata seedlings
(20 of each species) were inoculated by
tying to their taproots, 20.0 X 3.0 mm
wooden dowels, boiled in potato dextrose
broth (200 g of potatoes and 15 g of
dextrose per liter). and were colonized for
2 mo by V. alacris. Seedlings were
repotted and kept in a glasshouse
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maintained between 15 and 25 C. Equal
numbers of control .inoculations were
made.

Naturally infected trees in all areas
were examined for bark beetles. Beetles
found in the roots and root crowns of
trees in an infection center in the
Grabouw State Forest were surface
sterilized in a commercial sodium
hypochlorite solution (1% available
chlorine) with Tween 80 added, rinsed in
sterile distilled water, and squashed onto
MEA containing 45, vancomycin.

RESULTS

Symptoms. Infection centers in 10- to
15-yr-old plantings of P. pinaster and P.
radiata ranged from a few treesto 2 ha in
size. Many occurred at roadsides (Fig. 1).
Trees showed reduced terminal growth
and wilting, with chlorosis and death of
the needles, which were retained after
death. According to foresters in the area.
trees took 2-3 yr to die, and during this
period anabnormal number of cones was
produced (Fig. 1). Infected rootsand root
crowns showed heavy impregnation of
resin and dark blue discoloration with
staining in areas parallel to the annual
rings (Fig. 2). Staining was never seen
above theroot crown area. Symptoms on
both Pinusspp. were similar, except that
P. radiata roots stained darker and
exuded more resin. Microtome sections
through infected wood showed dark
hyphae of V. alacris in the tracheids.

Natural regeneration (P. pinaster)
replaced dead trees in infection centers,
but many of the young trees were also
diseased. In these trees healthy roots in
contact with diseased roots developed
lesions at the point of contact, and resin
exuded from the bark of the roots (Fig.
3), which also stained dark blue (Fig. 4).

Inoculation tests. All roots inoculated
after wounding exuded resin, and dark
lesions similar to those observed in
naturally infected trees developed in the
sapwood. Six months after inoculation.
lesions had extended an average of 10.0
cm on either side of the inoculation
points. The pathogen was reisolated from

all lesions. Control inoculations with
uninoculated MEA disks showed no
disease symptoms. Seedlings inoculated
with dowels were unaffected 8 mo after
inoculation.

Association with bark -beetles. The
aboveground parts of all trees infected
with V. alacris were colonized by the
European bark beetle Orthoromicus
erosus (Woll.). O. erosus and Hylurgus
ligniperdus (F.) were present in some of
the rootcrowns, and Hylastes angustatus
Herbst. and H. linearis Erichson were in
the roots well below soil level. Isolations
from a mixed sample of the two Hylastes
spp. yielded cultures of V. alacris, but the
pathogen was not isolated from other
bark beetle species.

DISCUSSION

Symptoms associated with V. alacris
were generally similar to those of other
Verticicladiella diseases (6,15,17,18).
However, trees infected with V. wagenerii
(the best documented Verticicladiella
root pathogen) usually lose their needles
before dying (4), whereas those infected
with V. alacris retain their needles; and
stained sapwood was never found above
the root crown area in trees infected with
V. alacris, whereas trees infected with }.
wagenerii show extensive discoloration
of aboveground parts (4).

V. wagenerii has a low optimum
growth temperature in a narrow growth
temperature range, and infection is
limited by high soil temperatures (16,18).
V. alacris has a rapid growth rate over a
wide temperature range, with an
optimum at 25 C (19). The pathogen is
favored by the Mediterranean climate of
the Western Cape with its cool, wet
winters and hot, dry summers.

V. wagenerii infects unwounded roots
(2,8), but V. alacris and Verticicladiella
sp. on P. strobus L. in New Zealand (15)
appear incapable of colonizing uninjured
roots. The V. alacris infection centers at
roadsides suggests that these trees were
stressed by disturbance of the soil or
damage to the roots (7). Stressed trees (7)
and trees with other Verticicladiella root
diseases (5,9,11) attract bark beetles that
carry Verticicladiella spp. (3,5,10,14).

Futher studies are necessary to
establish the relationship between V.
alacris and bark beetles (particularly
Hylastes spp.) as possible vectors of this
root pathogen and to establish the role of
bark beetles such as O. erosus, which
attack aboveground parts of the trees, in
the total disease syndrome.
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Figs. 1-4. Pinus pinaster and P. radiata infected with Verricicladiella alacris: (1) Infection center at a roadside P. radiata planting showing excessive
a

production of cones on diseased trees. (2) Staining pattern of wood in the root crown area of an infected P. pinaster tree. (3) Resin exudation from the
bark of an infected root of a P. pinaster sapling. (4) Stained root of an infected P. pinaster sapling.

570 Plant Disease/Vol. 64 No. 6



ACKNOWLEDGMENTS

We thank Sharon von Broembsen, Anthea Clarke,
*D. G. M. Donald, and H. Geertsema for assistance
during the investigation. Insect identifications were
made by the National Collection of Insects, Pretoria.

LITERATURE CITED
1. BEGA.R. V., D. DOTTA, D. R. MILLER, and
R. S. SMITH, Jr. 1966. Root disease survey at
Boggs Mountain State Forest, California. Plant
Dis. Rep. 50:439-440.

. COBB, F. W, Jr,, and W. D. PLATT. 1967.
Pathogenicity of Verticicladiella wagenerii to
Douglas fir. Phytopathology 57:998-9%9.

3. DAVIDSON, R. W, and R. C. ROBINSON-
JEFFREY. 1965. New records of Ceratocystis
europhoides and C. huntii with Verticicladiella
imperfect stages from conifers. Mycologia
57:488-490.

4. GOHEEN, D. J. 1976. Verticicladiella wagenerii
on Pinus ponderosa: Epidemiology and
interrelationships with insects. Ph.D. thesis,
University of California, Berkeley.

5. GOHEEN, D. J,, and F. W. COBB. Jr. 1978,
Occurrence of Verticicladiella wagenerii and its

15

perfect state, Ceratocystis wageneriispp. nov., in
insect galleries. Phytopathology 68:1192-1195.

6. HALAMBECK, M. 1976. Dieback of Eastern
white pine (Pinus stirobus L.) in cultures.
Polyopr. Znan. Smotra 39:495-498.

7. HANSEN, E. M. 1978. Incidence of
Verticicladiella wagenerii and Phellinus weirii in
Douglas-fir adjacent to and away from roads in
western Oregon. Plant Dis. Rep. 62:179-181.

8. HELMS, J. A, F. W. COBB, Jr, and H. S.
WHITNEY. 1971. Effect of infection by
Verticicladiella wagenerii on the physiology of
Pinus ponderosa. Phytopathology 61:920-925.

9. HERTERT, H. D.. D. L. MILLER, and A. D.
PARTRIDGE. 1975. Interaction of bark beetles
(Coleoptera: Scolytidae) and root-rot pathogens
in grand fir in Northern ldaho. Can. Entomol.
107:899-304.

10. KENDRICK, W. B. 1962. The Leptographium
complex: Verticicladiella Hughes. Can. J. Bot.
40:771-797.

{1. LANE, B. B.. and D. J. GOHEEN. 1979.
Incidence of root disease in bark beetle-infested
eastern Oregon and Washington true firs. Plant
Dis. Rep. 63:262-266.

12. MILLER,.D.L.,and A.D. PARTRIDGE. 1974.

Root-rot indicators in grand fir. Plant Dis. Rep.
58:275-276.

13. PARTRIDGE,A.D,,and D. L. MILLER. 1972
Bark beetles and root-rots related in ldaho
conifers. Plant Dis. Rep. 56:489-500.

14. ROBINSON-JEFFREY, R. C, and A. H.
GRIACHENKO. 1964. A new fungus in the
genus Cerarocystis occurring on blue-stained
lodgepole pines attacked by bark beeties. Can. J.
Bot. 42:527-532.

15. SHAW, C. G., I, and M. DICK. 1980.
Verticicladiella root disease of Pinus strobus in
New Zealand. Plant Dis. 64:96-98.

16. SMITH, R. S., Jr. 1967. Verticicladiella root
disease of pines. Phytopathology 57:935-938.

17. TOWERS, B. 1976. The occurrence of
Verticicladiella procera in Pennsylvania. Plant
Dis. Rep. 61:477.

18. WAGENER, W. W., and J. L. MIELKE. 1961.
A staining fungus root disease of ponderosa,
jeffrey and pinyon pines. Plant Dis. Rep.
45:831-835. ’

19. WINGFIELD, M. J.,and W.F.O. MARASAS.
1980. Verticicladiella alacris sp. nov. associated
with a root disease of pines in South Africa.
Trans. Br. Mycol. Soc. In press.

Influence of Cultivar, Age, Soil Texture, and pH on Meloidogyne incognita
and Radopholus similis on Banana
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ABSTRACT

DAVIDE, R. G. 1980. Influence of cultivar, age. soil texture, and pH on Aeloidogyne incognita
and Radopholus similis on banana. Plant Disease 64:571-573.

Radopholus similis and Meloidogyne incognita were detected in seven banana cultivars, but their
population densities differed considerably. Roots of cultivars Giant Cavendish, Cardaba, and
Bungulan contained higher populations of R. siniilis than of M. incognita; the reverse was true in
Dwarf Cavendish, Lacatan. and Latundan. Population densities of both nematode species were
low in Saba cultivar. The population of R. similis progressively increased and that of M. incognita
declined with age of Giant Cavendish plantations. This relationship was also observed in plants that
had “tip-over™ disease and severe root necrosis because of infestation by R. similis. Necrotic roots
apparently were not suitable for M. incognita. Nematodes were present in all soil textures, but both
species reproduced better in sandy loam than in soil of finer texture. Population development was

most successful at soil pH 5.0-5.6.

Banana (Musa paradisiaca L.) is a
leading export crop of the Philippines,
grown on more than 300,000 ha. The
largest banana-producing regions are in
the southern and northern Mindanao (6).
In a nationwide survey in 1974 and 1975,
we found a number of plant-parasitic
nematodes associated with different
cultivars. The most common species were
Meloidogyne incognita Chitwood and
Radopholus similis (Cobb) Thorne,
which cause serious damage on banana
(1.4). The distribution and population
densities of these species varied
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considerably in different localities.

This study was done to determine the
influence of cultivar, age of plantation,
soil texture, and pH on the field
distribution and population densities of
R. similis and M. incognita.

MATERIALS AND METHODS
Samples of banana roots and of soil
were collected from farms mainly in the
provinces of Davao del Norteand Davao
del Sur in Mindanao where more than
25,000 ha of Giant Cavendish banana are
commercially grown. Approximately
400-cc soil and 4-g (wet weight) root
samples per plant hill were randomly
collected. All root samples were cut into
pieces (1-2 c¢m long), fixed in FAA for at
least 48 hr, and stained for 3—4 min in
boiling acid-fuchsin lactophenol.
Stained roots were kept in clear

lactophenol in vials. Later the roots were
dissected under a stereomicroscope and
the nematodes were identified and
counted.

The soil and root samples were
collected from the same sites. Ateach site
about 600 cc &f soil was obtained
approximately 40 cm from the base of the
plant at a depth of 15-30 cm. Each soil
sample was placed in an individual plastic
bag and taken to the nematology
laboratory. A 200 cc subsample was sent
to the Department of Soil Science for soil
identification and pH determination. The
results of assays for nematodes other than
R.similisand M. incognita were published
elsewhere (3).

RESULTS

Cultivar, The field distribution and
population densities of M. incognita and
R. similis varied among cultivars (Fig. I).
The population density of M. incognita
was greatest in roots of Dwarf Cavendish,
Lacatan, and Latudan; the density of R.
similis was greatest in roots of Giant
Cavendish, Bungulan, and Cardaba.
Both species were least numerous in
Saba.

Age of plantation. The Giant
Cavendish plantations in Davao del
Norte were from 2 mo to 4 yr old. In
plantations less than I yr old. the
population densities of M. incognita and
R. similis were relatively low and more or
less similar (Fig. 2). During the second
year, populations increased significantly
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