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ABSTRACT

Nine different Fusarium species were isolated from Acacia koa seeds, seedpods, seedling
stem and root tissues, rhizosphere soil and soil surrounding roots of diseased trees.
Fusarium oxysporum, the cause of koa dieback and wilt, was not isolated from seeds or
seedpods but was found most commonly on roots and soil near diseased koa seedlings.
Fusarium subglutinans was the most common species isolated from seedpods, which had
evidence of extensive insect predation. Other Fusarium spp. commonly isolated from
seedlings and adjacent soil included F. semitectum, F. equiseti, and F. solani. Species
isolated less frequently included F. avenaceum, F. acuminatum, F. sambucinum, and F.
sporotrichioides. This work indicated that several Fusarium spp., in addition to F.
oxysporum, may be common colonizers of diseased koa trees and seedlings. Further
elucidation of their role in disease etiology is warranted.

(Rock 1974) but also produces high

INTRODUCTION

Koa (Acacia koa Gray) is an important
native tree occurring on several of the
Hawaiian Islands. This tree species not
only provides important wildlife habitat

quality wood that is used to manufacture
furniture, cabinets, paneling, picture
framing, bowls, and carvings (Dudley
2004). In 1980, an important wilt disease
on koa was initially described (Gardner
1980). The major associated pathogen,
for which Koch’s Postulates were



completed, was identified and assigned
the taxon Fusarium oxysporum Schlecht.
f.sp. koae. This pathogen was routinely
isolated from stem and root tissues of
wilted seedlings as well as commonly
found on seeds of several varieties of 4.
koa and from a similar species
(Formosan koa -A. confusa Merr.)
(Gardner 1980). No other associated
organisms, including those in the genus
Fusarium, were described in this work.

Since its initial discovery, little work
was done onh this disease until the early
2000s. A stand-level analysis of the
disease indicated that trees of all ages
may become diseased under different
stand conditions (Anderson et al. 2002).
During this analysis, F. oxysporum f.sp.
koae was the only fungus consistently
isolated from diseased trees. Recovered
isolates were also tested for patho-
genicity, using a standard root dip
inoculation procedure (Anderson et al.
2002; Gardner 1980). Very recent work
has indicated that most isolates obtained
from diseased trees belonged to a single
mtDNA RFLP haplotype and a single
vegetative compatibility group
(VCG)(Anderson et al. 2004). Isolates
from the same VCG were morpho-
logically similar.

The only other reported fungus
potentially associated with this disease
was F. solani (Mart.) Appel & Wollenw.
(Daehler and Dudley 2002). This species
was frequently isolated from bodies of
the Asian black twig borer (Xylosandrus
compactus) as well as wood adjacent to
attacked areas on koa trees. The fungus
was not found outside infested portions
of stems and branches and was not
considered very virulent when tested for
pathogenicity. It was  therefore
considered an incidental secondary

colonizer of koa trees with F. oxysporum
being the main pathogen.

Efforts to more fully understand koa
dieback and wilt involves screening
different cultivars or varieties of 4. koa
for genetic resistance to F. oxysporum
f.sp. koae (Dudley 2004; Sniezko 2004).
Hopefully this work will lead to
identification  of  several high-
performance families exhibiting signify-
cant resistance to this pathogen.

Although this disease was described
nearly 25 years ago, only a few
investigations of its pathology have been
conducted. Therefore, additional work
was needed, particularly clarification of
the mycoflora that routinely exists on
and within seeds, seedpods, and various
tissues of seedlings displaying typical
wilt disease symptoms. This report
describes some of this work.

MATERIALS AND METHODS

Four sets of isolations were conducted:

1. Isolations from collected stored
koa seed used in tree
improvement and wilt resistance
studies.

2. Isolations from seedpods and
associated seed from a koa tree
displaying typical dieback and
wilt symptoms.

3. Isolations from six 3 month-old
planted koa seedlings displaying
typical  dieback and  wilt
symptoms.

4. Isolations from three young koa
seedlings  displaying  slight
wilting  symptoms including
rhizosphere soil and soil sur-
rounding seedling root systems.



Set 1:

Eight 4. koa seedlots were assayed for
fungal contamination on the outer
seedcoat and colonization within the
seed embryo. The seedlots were from the
Hawaii Agriculture Research Center
(HARC) Maunawili plantation (table 1).

One hundred seeds from each seedlot
were assayed for fungal contamination
and colonization; 80 of the seeds were
aseptically-placed directly on a selective
agar medium designed specifically for
Fusarium oxysporum (Komada 1975),
even though other Fusarium species and
some closely-related fungi, 1i.e.,
Cylindrocarpon spp., also readily grow
on this medium (James et al. 1991).
Some other common seed-contaminating
fungi can also grow on this medium,
although usually much slower (James
1999: James et al. 1996b). The
remaining 20 seeds from each seedlot
were surface sterilized in a 10% bleach
(0.525% aqueous sodium hypochlorite)
solution for 1 min (to eliminate most
external contaminating fungi), rinsed in
sterile water, and aseptically dissected
with a sterile razor blade. Pieces of the
seedcoat and internal embryo tissues
were placed side by side on Komada’s
medium.

Plates with seeds were incubated for 10
days under diurnal cycles of cool,
fluorescent light at about 24°C. After
incubation, seeds were examined for
presence of colonizing fungi. Most
associated fungi were identified to genus
directly from Komada’s medium using
the taxonomy of Barnett and Hunter
(1998). Isolates suspected to be in the
genus Fusarium were transferred, via
single sporing, to potato dextrose agar

(PDA) and carnation leaf agar
(CLA)(Fisher et al. 1982) for
identification using the taxonomy of
Nelson et al. (1983). Growth on PDA
was useful for elucidating overall colony
morphology, mycelial and agar
pigmentation, and extent of aerial
mycelium and reversion to pionnotal
colonies. CLA stimulated production of
spores (macroconidia, microconidia, and
chlamydospores), conidiophores, and
sporodochia (Fisher et al. 1982).
Percentages  of  sampled  seeds
contaminated (external seedcoat) or
colonized (within seed embryo) by
particular fungi were calculated.
Germination of whole seeds was
estimated after 10 days’ incubation on
agar; seeds were considered germinated
if their radicle protruded through the
seedcoat.

Set 2:

Isolations were made from 14 seedpods
that had been collected from one wilted
tree located at Waimano. Within the
seedpods, most seeds had undergone
extensive insect predation; only pieces
of seed remained. Seedpods were
aseptically  dissected into  pieces
approximately 5 x 5 mm and placed
directly onto Komada’s medium. Seed
pieces within seedpods were likewise
placed directly onto this selective
medium. No efforts were made to
surface sterilize seedpod or seed tissues
so that external contaminating fungi
could be isolated. Plates with seedpod
and seed pieces were incubated as
described above. Procedures for
identifying associated fungi were the
same as described for seed assays.
Percentages of sampled seedpod and
seed pieces colonized by particular fungi
were calculated.



Table 1. Characteristics of Acacia koa seedlots tested for fungal contamination and

colonization.

Seedlot | ' HARCNo Percent
1 OPR-5 98-1-OPR-5 Oahu | 91.6
2 | OPR-8 98-1-OPR-8 Oahu | 50.0
3 KAHANA-c 08-1-Kahana-c QOahu 75.0
4 ANAHOLA-2 92-2-Anahola-2 Kauai 16.6
5 F45P-2 98-5-F45P-2 Maui 45.8
6 KAPA-6 98-6-Kapa-6 Hawaii 16.6
7 KAPA-5 98-6-Kapa-5 Hawaii 12.5
8 — 93-313-9 93-313-9 Hamakua RS’ 66.6

"HARC = Hawaii Agricultural Research Center
2 First two numbers are the year of seed collection
? Percent survival of outplanted seedlings after 48 months on the Maunawili site on Oahu.

* Hamakua Research Station

Set 3:

Six seedlings with typical advanced wilt
or dieback symptoms growing at the
Dorcy Estate on Maui were assayed for
fungal colonization on their stems and,
in some cases, their roots. Assayed stem
tissues were aseptically cut interior from
the epidermis, surfaced sterilized, and
incubated on Komada’s medium. Roots
were aseptically dissected into pieces
approximately 5 mm in length, surface
sterilized, and incubated on the selective
medium. Procedures for identifying
associated fungi were the same as in the
other isolations. Percentages of sampled
stem and root pieces colonized by
particular fungi were calculated.

Set 4:

Extensive assays for colonizing fungi
were conducted on three seedlings
displaying slight wilting symptoms
(slight chlorotic or reddening of foliage;
no stem or branch dieback). These
seedlings were also from the Dorcy

estate on Maui. For each seedling,
isolations were made from the main
stem, primary (issuing from the main
stem) and secondary (between primary
branches and leaves) branches, roots
(internal root tissues and fine roots),
rhizosphere soil (adhering to roots after
surrounding soil was removed), and soil
surrounding roots. For all seedling tissue
analyses, aseptic dissections were made,
tissue pieces were surface sterilized and
incubated on Komada’s medium as
previously described. Plates were
incubated as before and procedures for
identifying associated fungi were the
same as for other isolations. Percentages
of sampled tissue pieces colonized by
particular fungi were calculated.

Procedures were conducted to determine
approximate populations of selected
fungi within rhizosphere and root-
surrounding soil. Rhizosphere soil was
assayed by washing seedling roots with
100 ml of sterile, distilled water and
placing 2 ml of the resulting solution on
plates of Komada’s medium (three plates
per seedling). The solution was



distributed uniformly over the agar
surface; plates were incubated as before.
There were too many resulting fungal
colonies to count. Therefore, six of the
most representative colonies per seedling
were chosen for identification. Single
spores of chosen colonies were obtained
and transferred to PDA and CLA;
resulting fungi were identified as
described above.

Standard soil dilutions (Hildebrand and
Dinkel 1988; James et al. 1990, 1996a;
Stone et al. 1995) were conducted to
estimate populations of Fusarium and
Trichoderma spp. from soil surrounding
roots of koa seedlings. Soil from each of
the three samples was initially sieved (2-
mm sieve) to remove rocks, pieces of
organic matter, and soil aggregates.
From each sample, an approximate 5-g
subsample was oven-dried at about
100°C for at least 24 h until sample
weight stabilized. Oven-dry weight was
then calculated to provide a standard for
sample comparison. For population
assays, 0.05 g of field-moist soil was
combined with 10 ml of 0.3% water agar
(WA) and thoroughly mixed. One
milliliter of solution was placed on each
of three plates of Komada’s medium and
spread uniformly. Trichoderma
propagules were also enumerated on
Komada’s medium which readily
supports growth of this fungus unless the
medium is amended with benomyl or
lithium chloride (James et al. 1990,
1996a). Plates were incubated at least 7
days at about 24°C under diurnal cycles
of cool, fluorescent light. Fusarium and
Trichoderma colonies were identified by
their morphology on the selective
medium; populations were expressed as
number of colony-forming units (cfu)

per gram of oven-dried soil (it was
assumed that each fungal colony
originated from one propagule). Selected
Fusarium isolates were transferred to
PDA and CLA for identification as
previously  described.  Ratios  of
Trichoderma to Fusarium populations
were calculated for each seedling; these
ratios might provide very rough
estimates  of  potential  disease
suppressiveness of the soil since
Trichoderma spp. are known antagonists
of a wide range of soilborne plant
pathogens, including Fusarium spp.
(Papavizas 1985).

RESULTS

External seedcoat fungi were not
detected on the vast majority of koa seed
assayed (table 2). In three of 8 assayed
seedlots, no fungi were detected on any
seedcoats and in only one seedlot (7 —
KAPA-5; Hawaii) were less than 90% of
the sampled seed free from
contaminating fungi. In this seedlot, no
germination was detected after 10 days
(table 2) and survival of outplanted
seedlings was very low (table 1). The
most common group of contaminating
fungi on sampled seeds were in the
genus Penicillium; Aspergillus and
Pestalotia were found on only one
seedlot (7 — KAPA-5; Hawaii).

Fusarium spp. were isolated at very low
levels from three seedlots; the most
contaminated seedlot was again number
7. Two Fusarium species were isolated:
F. avenaceum (Fr.) Sacc. and F.
sambucinum Fuckel; the former species
was encountered more frequently.



Table 2. Fungal contamination of external seedcoats of Acacia koa from Maunalili

seedlots'.
"Seedlot manumﬂpmmml “Aspergillus | Pestalotia_]__ Clean®
1 1.3 5.0 0 0 93.8
2 0 0 0 0 100.0
3 0 8.8 0 0 91.3
4 0 0 0 0 100.0
5 0 0 0 0 100.0
6 0 3 1 0 0 98.8
7 7.5 1.3 | EE 1.3 86.3 0
8 1.3 1.3 I 0 0 97.5 26.3
AlEo S w35 § 22, S gRE05 025 ] seiigsmys aol e e e

appropriate fungus.

~ Values in table are percent of seeds assayed [80 per seedlot] with seedcoats colonized by

% All isolates were Fusarium avenaceum except one isolate in seedlot 7 which was Fusarium

sambucinum.

? Percent of seeds without any fungal growth after 10 days’ incubation.
* Percent of seeds starting to germinate [radicle protruding through the seedcoat] after 10

days’ incubation on agar.

Fungal colonization of internal koa seed
tissues was variable among the tested
seedlots (table 3). Penicillium was again
the major group of fungi isolated;
Aspergillus was isolated from only one
seedlot (1 — OPR-5; Oahu). This seedlot
also had all of its assayed seeds
colonized internally by Penicillium spp.
Three of the assayed seedlots were
without any detected fungal colonization
of internal seed tissues; two of these (4 —
ANAHOLA-2; Kauai and 5 —F45P-2;
Maui) also had none of their sampled
seed contaminated with seedcoat fungi
(table 2). No Fusarium was isolated
from internal koa seed tissues. Fusarium
oxysporum, the cause of koa wilt
(Anderson et al. 2002; Gardner 1980)
was not isolated either from external
seedcoats or within internal seed tissues.

Seedpods and pieces of seed within these
seedpods were extensively colonized by
Fusarium and Penicillium spp. (tables 4
and 5). Five different Fusarium species
were isolated from seedpods and seed

pieces: F. subglutinans (Wollenw. &
Reinking) Nelson, Toussoun & Marasas,
F. semitectum Berk. & Rav., F. solani,
F. sambucinum, and F sporotrichioides
Sherb. Fusarium oxysporum, the cause
of koa wilt, was not isolated. Very high
incidence of F. subglutinans was
unexpected; these isolates were placed
within the Fusarium section Liseola and
designated as F. subglutinans because
they produced microconidia on poly-
and monophialides in false heads only

(no microconidial chains), lacked
chlamydospores, and produced purple
pigments in PDA culture.

Isolations from the stems and roots of
severely-wilted koa seedlings yielded
fairly high levels of Fusarium (table 6).
However, F. oxysporum was not isolated
from two of the 6 sampled seedlings and
found at fairly low levels in the others.
The most common Fusarium species
isolated from these seedlings was F.
equiseti (Corda) Sacc.



Table 3. Internal fungal colonization of Acacia koa seeds from Maunalili seedlots’.

“Seedlot Penicillium Aspergillus | Clean”
1 100 5 0
2 20 0 80
3 | 40 0 60
4 0 0 100
5 t 0 0 100
6 65 0 35
7 5 0 95
8 0 0 100

" AllLots’ 28830 63 896507 1 e

_'Values in table are percent of assayed seed [20 per seedlot] colonized by appropriate fungus

follo

wing dissection and exposure of embryo and endosperm.

% Percent of seeds without any fungal growth after 10 days’ incubation.

Table 4. Fungal colonization of seedpods from a wilted Acacia koa tree.

Pod Noiisafu' s L S Percentage Colonization” %

“No." | Sampled" "I retR T FsEmM ]| FSOL ] FsAM ] FsPo | ALLFUS] PEN | TRI.
1 19 57.9 53 53 0 53 73.7 68.4 53
2 15 66.7 0 0 0 66.7 100.0 6.7
3 17 23.5 0 0 5.9 29.4 100.0 5.9
4 18 55.5 0 0 0 55.5 722 5.5
5 12 8.3 0 83 8.3 0 25.0 833 0
6 10 20.0 10.0 0 0 0 30.0 100.0 20.0
7 15 20.0 6.7 6.7 6.7 0 40.0 933 0
8 13 53.8 73 0 0 61.5 923 7 4
9 17 94.1 0 0 0 94.1 353 59
10 17 94.1 0 0 0 94.1 76.5
11 14 64.3 0 7:1 0 0 71.4 100.0
12 14 50.0 0 0 0 50.0 78.6
13 15 20.0 0 0 0 20.0 93.3 6.7
14 14 11.1 0 0 0 11.1 94 .4 11.1

Ave | o150 | 4L |19 ] 19| 09 09 | 538 | 852 52

Number of seedpod pieces (about 5 x 5 mm each) sampled.

? Percentage of sampled seedpod pieces colonized with appropriate fungus. Fungal
abbreviations: FSUB = Fusarium subglutinans; FSEM = Fusarium semitectum; FSOL =
Fusarium solani; FSAM = Fusarium sambucinum; FSPO = Fusarium sporotrichioides;
ALL FUS = All Fusarium species; PEN = Penicillium spp.; TRI = Trichoderma spp.




Table 5. Fungal colonization of seed pieces from insect-predated seedpods from a wilted
Acacia koa tree.

Pod.§ .« Nolpalt vibe e S i o - Percentagc-ColOnization? SRR e

No. | Sampled' I=etR™T TsEm | FSOL | FSAM | FsPO | ALLFUS | PEN | TR
1 1 0 0 0 0 0 0 0 100.0
2 6 66.7 0 0 0 0 66,7 | 100.0 0
3 5 0 0 20.0 0 0 200 | 1000 0
2 2 25.0 0 0 0 0 25.0 100.0 0
5 g 50.0 0 0 12.5 0 62.5 0 0
6 15 20.0 133 0 0 0 333 93.3 6.7
7 Pim 28.6 0 14.3 0 0 42.9 1000 | 143
3 3 37.5 0 0 0 0 375 | 1000 0
9 3 100.0 0 0 0 0 100.0 0 0
10 5 80.0 0 0 0 0 80.0 60.0 0
T 9 333 0 0 0 0 333 100.0 0
12 9 44.4 0 0 0 0 44.4 77.8 0
13 7 28.6 0 0 0 0 28.6 85.7 0
14 4 25.0 0 0 0 0 25.0 100.0 0

Ave. 6.5 Sid. ) 2.2 Sl ok I s 429 | 802 | 33

Number of seed pieces sampled per seedpod.
2 Percentage of sampled seed pieces colonized with appropriate fungus. Fungal
abbreviations: FSUB = Fusarium subglutinans; FSEM = Fusarium semitectum; FSOL =
Fusarium solani; FSAM = Fusarium sambucinum; FSPO = Fusarium sporotrichioides;
ALL FUS = All Fusarium species; PEN = Penicillium spp.; TRI = Trichoderma spp.

Table 6. Fusarium colonization of stems and roots of severely-wilted Acacia koa
seedlings.

Seedling | Tissue Pieces . Y - Percent Colonization' -
Number | Type ] Sampled |FEQU FOXY ~|FSoL ~ ]FACU | ALLFUS

1 Stem 7 14.2 0 0 14.2 24.6

2 Stem 8 100.0 0 0 0 100.0

2 Roots 10 50.0 10.0 10.0 0 70.0

3 Stem 6 33.3 50.0 0 0 83.3

4 Stem 6 66.7 0 0 0 66.7

4 Roots 10 70.0 0 30.0 50.0 100.0

5 Stem T 28.6 143 . 0 14.3 57.6

6 Stem T 14.3 14.3 0 0 28.6
Averagcs' L e e e o PIGER {98 -fe6 . 114 68.8

! Percent of sampled tissues pieces colonized with appropriate fungus. Fungal abbreviations: FEQU — Fusarium equiseti;
FOXY — Fusarium oxysporum; FSOL — Fusarium solani; FACU — Fusarium acuminatum; ALL FUS — All Fusarium
species.



Results of extensive isolations from
stems, branches, and roots of three
slightly-wilted koa seedlings are
summarized in tables 7, 8, and 9,
respectively. Internal stem tissues were
not commonly colonized by fungi,
although canker margins were more
commonly colonized (table 7). Fusarium
oxysporum was isolated very
infrequently from internal stem tissues
and more commonly from internal
margins _of stem cankers. Other
Fusarium species isolated infrequently
from stems included F. semitectum, F.
solani, and F. avenaceum.

Colonization of primary branches (those
coming from the stem) by fungi was less
than colonization of secondary branches
(those between primary branches and
leaves)(table 8). Fusarium oxysporum
was not isolated from primary branches
and at very low levels from the
secondary branches of only two
seedlings. Fusarium semitectum was the
most commonly-isolated species from
both primary and secondary branches; F.
avenaceum was also fairly common on
secondary branches.

Fusarium  oxysporum  was  most
frequently isolated from seedling roots,
especially the fine feeder roots (table 9).
Other Fusarium root colonizers included
F. solani, F. equiseti, and, in one
instance, F. subglutinans. Fusarium spp.
were isolated from all sampled fine roots
and almost half of the internal root
tissues sampled.

Fusarium spp. extensively colonized the
rhizosphere of the three sampled

seedlings. Levels were too high to be
quantified using standard soil dilution
procedures. Fusarium oxysporum was
isolated from the rhizosphere of two of
the seedlings (table 10); F. solani was
more  common, colonizing  the
rhizosphere of all three seedlings.

Very high levels of Fusarium were also
detected in soil surrounding seedling
roots (table 11). Populations averaged
almost 5000 cfu/g of soil; this high level
greatly exceeds threshold levels for
nursery soils of about 1000 cfu/g, above
which growers should expect disease
losses (Hildebrand and Dinkel 1988;
James et al. 1990, 1996a). Populations of
Trichoderma spp., which have often
characterized disease-suppressive soils
and may act as natural biological control
agents of Fusarium spp. (Papavizas
1985), where very low. Experience
indicates that when  Fusarium
populations are high, corresponding
Trichoderma populations are low
(Datnoff et al. 1995; James et al. 1990,
1996a). This results in low
Trichoderma/Fusarium ratios, which
may indicate low potential disease
suppressiveness.

The two most common Fusarium
species colonizing soil were F. equiseti
and F. oxysporum (table 12). Soil with
high levels of F. equiseti had
corresponding low populations of F.
oxysporum, and vice versa. Other
Fusarium species found less frequently
included F. solani, F. semitectum and F.
avenaceum.



Table 7. Fungal colonization of internal stem tissues of slightly-wilted Acacia koa
seedlingsl.

Seedling ' ; ___ Healthy-Appearing Intemal Stem Tissues [Non-Cankered] .~
Number | Nopne | FOXY | FSEM | FSOL | FAVE |} ALLFUS JASP. | BOT | TRI
1 7 1 0 0 1 2 1 0 0
2 9 0 0 1 0 1 0 0 0
3 10 0 0 0 0 0 0 0 0
Percent’ | 86.7 |33 0 133 33 100 B REEER T

o oo Internal Margins of Cankered Stem Tissues . i

1 2 3 4 0 0 7 0 2 1

2 6 4 0 0 1 4 0 0 0

3 9 0 1 0 0 1 0 0 1
Percent” | 56.7 ]23.3 e Y 3.3 40.0 0 6.5 )6

' Values in table are numbers of sampled tissue pieces [10 per seedling] colonized with appropriate fungus. Fungal
abbreviations: None — No isolated fungi; FOXY — Fusarium oxysporum; FSEM — Fusarium semitectum; FSOL —
Fusarium solani; FAVE — Fusarium avenaceum; All FUS — All Fusarium species; ASP — Aspergillus spp.; BOT —
Botrytis cinerea; TRI — Trichoderma spp.

? Percent of sampled pieces colonized with appropriate fungus.

Table 8. Fungal colonization of primary and secondary branches of slightly-wilted Acacia
koa seedlings'.

Seedling |- TR ‘. Primary Branches®
Nuﬁ:l_ber None FOXY. | FSEM | FAVE:
1 10 0 0 0
2 8 0 0 0 0 1 1
3 5 0 5 0 5 0 0
Percent' |'76.7 0 e BI6T oo L0 E 16T 7 s &
AE - Secondary Branches’ e :
1 4 0 6 0 6 0 0
2 0 3 0 10 10 0 1
3 0 1 10 4 10 0 0
Percent* | 133 133 © 1533 1467 @ " |867 e R T

!'Values in table are number of pieces sampled [10 per seedling] colonized by appropriate fungus. Fungal abbreviations:
None — No Fungus Isolated; FOXY — Fusarium oxysporum; FSEM — Fusarium semitectum; FAVE — Fusarium
avenaceum; ALL FUS — All Fusarium Species; ASP — Aspergillus spp.; BOT — Botrytis cinerea.

? Primary branches are from the main stem.

* Secondary branches are from the primary branches to the leaves.

* Percent of sampled pieces colonized with appropriate fungus.

10



Table 9. Fungal colonization of roots of slightly-wilted Acacia koa seedlings'.

.~ . Internal Root Tissues” |

1 5 3 1

2 5 5 0 0 0 5

3 6 2 3 0 1 4
Percent’ 533 33.3 113 e B e [ E 46,7~

SR T ine RoolS i ke T

1 0 9 3 0 0 10

2 0 10 0 0 0 10

3 0 4 7 4 0 10
Percent* = 0. .. 767 33.3 FI3gs sk oS 100.0

Values in table are number of pieces sampled [10 per seedling] colonized by appropriate fungus. Fungal abbreviations:
None — No Fungus Isolated; FOXY — Fusarium oxysporum; FSOL — Fusarium solani; FEQU — Fusarium equiseti,
FSUB — Fusarium subglutinans; ALL FUS — All Fusarium Species.

? Tissues within the main taproot.
® Fine [feeder] roots dissected into small pieces.
* Percent of sampled pieces colonized with appropriate fungus.

Table 10. Fusarium species isolated from rhizosphere soil on roots of slightly-wilted
Acacia koa seedlings.

Seedling. . ~Numberof _Percent of Fusanum Isolates'

Number .  Isolates Examined “FOXY._ : FSOL
1 6 16.7 83.3
2 6 66.7 33.3
3 6 0 100.0

: Fungal abbreviations: FOXY — Fusarium oxysporum; FSOL — Fusarium solani

Table 11. Populations of Fusarium and Trichoderma from soil surrounding roots of slightly-wilted
Acacia koa seedlings.

Seedling . 5 _Populations’ [cfu/g of 5011] . Number of Fusarium
o Number o' {7 Fusarium . .| . Trichoderma_ .| .. . Isolates Examined
1 5733 276 0.048 249
2 4710 23 0.005 203
3 4297 0 0 178
R Averagcs Ceman) EEA925 v 102 R00218 a8 | A 630 L =

" Expressed as colony -forming units per gram of oven- dned 5011
% Ratio of Trichoderma to Fusarium populations; the higher the ratio, the more potential disease suppressive is the soil.
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Table 12. Fusarium species isolated from soil surrounding roots of slightly-wilted Acacia
koa seedlings.

FEQU__ | FoX T EM
77.1 22.9 0 0 0

0 92.6 7.4 0 0
62.4 1.7 3.9 21.3 10.7

: Fungal abbreviations: FEQU — Fusarium equiseti, FOXY — Fusarium oxysporum; FSOL — Fusarium solani; FSEM —
Fusarium semitectum; FAVE — Fusarium avenaceum.

DISCUSSION

Wilt caused by F. oxysporum f.sp. koae
is an important disease limiting
production of koa trees on several
Hawaiian Islands. Previous work
(Anderson et al. 2002; Gardner 1980)
emphasized the important role and
common presence of this fungal species
on trees exhibiting wilt and dieback
symptoms. The only other Fusarium
species reported on damaged trees was
F. solani, which was associated with
attacks by the Asian black twig borer
(Daehler and Dudley 2002). Fusarium
solani was considered secondary and not
important in wilt disease etiology.

Previous isolations from diseased koa
trees were made onto standard, non-
selective agar media (Anderson et al.
2002; Daehler and Dudley 2002;
Gardner 1980). Probably the fastest
growing fungi present were more readily
isolated using this type of media. Other
associated fungi, which grow slower on
the isolation media, may have been
overlooked (Hoff et al. 2004). Using a
selective agar medium for Fusarium
(Komada 1975) has been standard
protocol in many investigations when
trying to isolate these important
pathogens (Hildebrand and Dinkel 1988;
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Hildebrand et al. 2004; James et al.
1990, 1996a, 1996b; Stone et al. 1995).
Many common saprophytes are usually
excluded. However, the medium is not
so selective as to exclude all organisms
besides  Fusarium. For example,
Trichoderma spp. and Botrytis cinerea
grow quite well on the medium unless it
is amended with benomyl or lithium
chloride (Hansen et al. 1990). In
addition, although the medium was
initially formulated to enumerate
populations of Fusarium oxysporum
from soil (Komada 1975), most other
Fusarium species grow well on the
medium. Therefore, experience over
many years has indicated that using this
selective medium is very important
when trying to isolate and quantify
Fusarium spp. within plant tissues or
soil (Hansen et al. 1990; James et al.
1991).

Nine different Fusarium species were
isolated from diseased koa seedpods,
seed pieces, seedlings, rhizosphere soil
and soil adjacent to roots: F. semitectum,
F. sambucinum, F. sporotrichioides, F.
equiseti, F. acuminatum, F. avenaceum,
F. subglutinans, F. oxysporum and F.
solani. Some were frequently en-
countered, such as F. subglutinans on
seedpods and seed pieces and F. equiseti
on seedling stems, roots and within soil
near diseased seedlings. Others were



isolated at lower levels. Many of these
may be non-pathogens on koa and either
secondary colonizers of diseased tissues
or endophytes. However, it is possible
that some of these fusaria may either
contribute to disease etiology or help
predispose hosts to infection by
pathogens, such as F. oxysporum f.sp.
koae. For example, endophytes in the
genus Fusarium are known to affect
disease severity caused by other
pathogenic fungi (Narisawa et al. 2002;
Stone et al. 2000).

All of these Fusarium species have
previously been described as potential
plant pathogens. For example, F.
semitectum has been implicated in
diseases of Anigozanthos spp. (Satou et
al. 2001) and walnut (Juglans)(Belisario
et al. 2002). Fusarium avenaceum may
be an important pathogen on cereals
(Kiecana et al. 2002) and several other
crops, including lupin (Satyaprasad et al.
2000) and conifer seedlings (Asiegub et
al. 1999). Fusarium equiseti may cause
seed diseases (Aigbe et al. 1999) and
diseases on pine (Dick and Dobbie
2002), but is usually considered a
secondary invader rather than a primary
plant pathogen (Francis and Burgess
1975; Gonzalez and Trevanthan 2000).
Fusarium sambucinum is an important
pathogen of potatoes (Beremand et al.
1991; Desjardins and Gardner 1991,
Desjardins et al. 1993) and is frequently
isolated from diseased conifer seedlings
(Gordon 1959; James 1985). Fusarium
sporotrichioides can cause diseases of
several different hosts including water
milfoil (Andrews and Hecht 1981),
cereals (Chelkowski et al. 1989) and
conifer seedlings (James 1985; Rathbun-
Gravatt 1925). Fusarium acuminatum is
a potential pathogen of cereals (Hill and
Blunt 1974), Russian-olive seedlings
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(Hildebrand 1986) and conifer seedlings
(James 1985, 1987). However, the most
notorious potential pathogens of this
group are F. oxysporum and F. solani.

Fusarium solani has a long history as an
important pathogen on many crops,
including trees (O’Donnell 2000). This
species has been implicated in canker
diseases of cottonwood (Boyer 1961),
yellow-poplar (Dochinger and Seliskar
1962), sycamore (Pilotti et al. 2002) and
sugar maple (Skelly and Wood 1966;
Wood and Skelly 1964).

In several of the isolations reported here,
F. oxysporum was not the most
commonly-isolated Fusarium species.
For example, Fusarium oxysporum was
not isolated from any of the 8 sampled
seedlots, although it has been reported as
an important colonizer of koa seeds
(Gardner 1980). Sampled seeds were
often not colonized by any fungus and if
fungi were present, they were considered
saprophytes. Two Fusarium species (F.
avenaceum and F. sambucinum) were
isolated from the seedcoats of a very few
sampled seeds; no Fusarium was
isolated from internal seed tissues.
Fusarium oxysporum was only isolated
frequently from  seedling roots,
rhizosphere soil, and soil near roots.

All examined seedpods from a diseased
tree had evidence of extensive insect
predation. Most seeds had been
destroyed and only remnants or pieces of
seeds remained. Isolations from these
seedpods and seed pieces yielded five
different Fusarium species. The most
common was identified as F.
subglutinans based on morphological
characteristics. This species has been
implicated in several important plant
diseases, the most important being pitch



canker disease of pines (Bonello et al.
2001; Enebak and Stanosz 2003; Gordon
et al. 2001; Schmale and Gordon 2003;
Storer et al. 1998; Viljoen et al. 1997)
and disease of pineapple (Hidalgo et al.
1999). The pitch canker fungus was
originally known as F. subglutinans f.sp.
pini; recent taxonomic revision has
resulted in renaming the pathogen F.
circinatum Nirenberg & O’Donnell
(Gordon et al. 2001). Pitch canker is
intimately associated with insects. Twig
beetles (Pityophthorus) (Hoover et al.
1996), _cone beetles (Cono-
phthorus)(Hoover et al. 1995, 1996) and
engraver beetles (Ips)(Fox et al. 1991)
are known to vector the fungus and
spread infection from tree to tree
(Gordon et al. 2001). Therefore, it is
possible that insects feeding on koa
seedpods and/or seeds carried F.
subglutinans  within and  possibly
between trees.

Fusarium subglutinans is one of four
species described in the section Liseola
by Nelson et al. (1983). All species
within this section have colony
morphologies on PDA that are similar to
each other and to F. oxysporum.
Microscopic examinations are required
to differentiate the various taxa. For
example, if isolates produce chlamydo-
spores they are not classified within the
section Liseola. If they lack chlamydo-
spores and produce microconidia on
mono- and polyphialides in false heads
only (no chains) they are, by definition,
classified as F. subglutinans under

Nelson’s taxonomic scheme. This
taxonomic system works well when only
morphological characteristics are

considered, but may not necessarily
reflect actual speciation of different
isolates.
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In the past few years, molecular analyses
have been wused to characterize
phylogeny of fungi in the genus
Fusarium (Benyon et al. 2000; Guadet et
al. 1989). Some of this work involved
organisms within the section Liseola
(Gibberella fujikuroi species complex)
(O’Donnell et al.1998). In general,
genetic analyses indicate that
populations are usually more diverse
than would be expected if fungi were
classified based solely on morphological
characteristics, and previously-accepted
taxa often contain several cryptic
species. For example, recent revision of
the Fusarium section Liseola (O’Donnell
et al. 1998) placed at least 36 species in
this group, where previously only four
were assigned based on morphological
characteristics. Therefore, classifying
isolates from koa seedpods and seed
pieces as F. subglutinans must be
considered tentative, at least until these
isolates are genetically characterized.

Similar problems exist within organisms
classified as F. oxysporum. This taxon is
actually a group of morphologically
similar species that may genetically
differ from each other (Baayen et al.
2000; Di Pietro et al. 2003; Gordon and
Martyn 1997; Katan 1999). Although no
teleomorph has been found for F.
oxysporum, wide genetic diversity still
occurs among some clones of this
species (Baayen et al. 2000; Gordon and
Martyn 1997; Katan 1999). Therefore,
organisms classified as F. oxysporum,
based on morphological characteristics,
may actually represent a range of
different biological species.

The assignment of formae speciales
names, such as f.sp. koae, are based on
the pathogenicity of certain F.
oxysporum 1isolates on specific hosts



(Armstrong and Armstrong 1975;
Roncero et al. 2003). Therefore, isolates
obtained from koa trees with wilt and
dieback symptoms and capable of
causing disease during controlled
pathogenicity tests are classified as F.
oxysporum f.sp. koae. Apparently, much
of the population of this pathogen within
Hawaii is fairly uniform genetically
(Anderson et al. 2004); this may indicate
that the population, at least on specific
islands, could be clonal. Also, if the
population is not genetically diverse, the
pathogen -may have been present in
Hawaii for only a short time. Higher
genetic variabililty would be expected
from a population that had a longer time
to mutate and diversify (Gordon and
Martyn 1997). This may also indicate
fairly recent introductions of the
pathogen into Hawaii, perhaps only
once. Further work will be needed to
more fully understand the genetic
characteristics of the F. oxysporum
population associated with diseased koa
trees.

Because pathogenicity tests were not
conducted on the F. oxysporum isolates
obtained from diseased seedlings or soil
in the current evaluation, it is unknown
if these isolates represent pathogens or
are strictly saprophytic; saprophytic
isolates often make up large portions of
F. oxysporum populations in soil and on
plants (Bao and Lazarovits 2001;
Benhamou and Garand 2001; Larkin and
Fravel 2002; Lori et al. 2004).
Fortunately, recent molecular tests have
been developed that help separate
pathogenic from non-pathogenic pop-
ulations of F. oxysporum (Bao et al.
2002; Di Pietro et al. 2003; Pasquali et
al. 2003; Stewart et al. 2004). Molecular
probes developed for pathogenic isolates
may preclude the necessity for standard
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isolations and pathogenicity tests (Geiser
et al. 2004; Li and Hartman 2003).

From these series of isolations it is
evident that colonization of Acacia koa
by a wide range of different Fusarium
spp. may be common. Several species, in
addition to F. oxysporum and F. solani
that were previously described on koa
(Anderson et al. 2002; Daehler and
Dudley 2002; Gardner 1980), were
commonly isolated. It is not known
what, if any, the role these other species
may play in dieback and wilt of koa
seedlings and trees. However, since
many of these fungi have a history of
being important plant pathogens, at least
on other hosts, further work to elucidate
their role(s) in disease etiology is
warranted.
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