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C.:ramg_-_-,-_m_-.- Efb;;l_ﬁ‘_mfu.f 15 a mm{]}' described p(ﬂ.thng‘l:ﬂ infecting Adaeia megrrsii In Sooth Africa, and it cauvses:a disesse
known as Ceratocysts wilt. Symptoms of the disease include die-back, summasis and wilting of infected trees. In order tp
select ress tolerant to this fungus, susceptibility tests were conducted on tress representing fourteen families of A. mearmel. A vir-
ulent isolate of €. albofundis was selected and inoculated into the stems of twelve-month-old plants in o plantation. Lesion lengths,
i the bark, and disease development were assessed after 6 weeks. All fourteen families of A, mearnsil were susceptible 1o
infection by € albofundur. Considerable variation was, however, noticed berween individual trees within the same family and the
incorporation of disease tolerant trees into breeding programmes is proposed.
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(T Acacia mearnsii de Wild. (black wattle) is an mmportant
exotic plantation species in South Africa and provides a valu-
gble source of export income and employment. The wood is
used for the producuon of high quality pAper, Viscose, mining
timber, poles, charcoal, and firewood. Bark derivatives, such
as tannin, are utilized in the manufacture of adhesives used in
chipboard, plywood and corrugated cardboard containers
(Acland, 1971; Rusk eral,, 1990; Anonymous, 1993, 1904),

Ceratocvsns albafundus De Beer, Wingfield and Morms 15
a recently described funigal pathogen of A, mearnsii in South
Africa (De Beer, 1994; Wingfield er al., 1996). This fungus
was first reported from A, mearnsii in the KwaZulu-Natal
Midlands of South Africa in 1990 after trees were observed
dying of an unknown cause (Monis er al., 1993; De Beer,
1994), The pathogen was first tentatively 1dentified as Cera-
rocvsris fimbriara Ellis et Halsted, but afier comprebensive
morphological and molecular comparisons, 1t was shown 1o
represent a new species of Ceratocysnis (Wingfield er al.,

~—1996), Distinguishing characteristics of this fungus include

~ ughi perithecial bases with dark necks and divergent osticlar
hyphae (De Beer 1994, Wingfield er al., 1996), The disease
caused by C. albofundus is known as Ceratocystis wilt and it
15 characterized by wilt and die-back of trees, canker forma-
tion on stems, gummosis and wood discolouration (Mormis et
al., 1993; Die Beer, 1954,

Acacia mearnsii, like other plantation species in South
Africa, 1s planted in a monoculture with a relatively uniform
genetic base (Wingfield, 1984; Wingfield and Swart, 1994},
This greatly increases the risks associated with diseases of
these rees, No effective control measures currently exists for
the control of Ceratocysts wilt, or any other fungal pathogen,
of A, mearngi. Clonal forestry with Eucalyprus spp. have,
however, proven 1o be very effective in the management of
fungal diseases, such as Cryphonectria canker (Wingfield et
al., 1997). The aim of this study was to screen fourteen
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commercial families of A. mearnsii for their relative suscep-
tibility to Caratocystis wilt. It 1s hoped that this will provide
the industry with disease tolérant families and so reduce the
impact of diseases.

Materials and Methods

Suscepribility tests, usme C. albofundus solate CMW4850
were conducted on twelve month old A, mearnsii rées n
the field. The test isolate was obtained from a single ascospore
ransfer from an isolate collected from a diseased A. mearnsii
tree during December 1994, The isolate is maintained in
the culture collecuon of the Foresiry and Agriculural Biowech-
nology Institute (FABI), Tree Pathology Co-operative Pro-
gramme ( TPCP), University of Pretoria, South Africa. The
expeniment was conducted on the Bloemendal Experimental
farm (29° 32' 93"8, 30° 27" 33"E) near Pietermaritzburg in the
KwaZulwNatal Midlands. Fourteen commercial A, meamsii
families were supplied by the Institute for Commercial
Forestry Research (ICFR) for screening purposes. With the
exception of family 9-71, these families were all chiained
from controlled crosses, made from trees that had been eval-
uated on growth, form and visual disease appearance, Tress
were planted from seed as five randomly replicated five tree
plots, for each of the families. Inoculatons were conducted in
December 1995 and the results evaluated in January 1996,

Inoculations were done by removing a piece of bark with a
% mm diameter cork borer, thus exposing the sapwood, A
piece of agar overgrown with C. albofundus was placed into
each wound on the stem, approximately 1.5 m above soil
level, and covered with masking tape to prevent desiccation of
the wound and fungus. The relenve susceptibility of sach tree
was determined after & weeks by measuning the size of the
lesion produced by C. albofiundus, The test fungus was re-1so-
tated from the inoculatzd trees at the completion of the exper-
iment. Lesion lengths were measurad in the outer bark of
inoculated trees, The data were analyzed using the SAS for
PC programme (6.04) [SAS Instture 1991, CARY, NC1. The
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analvsis of variance procedure, using Tukey's studentized
range test (HSD). was uséd to determine the significance of
differences between families. Heritibility assessments were
also applied to the results (Falconer, 1960: Patrerson and
Thompson. 1971).

Results

Ceratocystis albofundus was highly virulent (o trees in all
fourteen families of A. mearnsii tested. Inoculauons resulted
in the formation of longitudinal lesions (Fig. la) originating
from the inoculation points. On the most susceprible rees.
lesions were also formed on the remainder of the stem. most-
lv above the inoculation wound, These [esions were also
caused by C. albofundus, which had spread upwards in the
vascular nssue of the ree. Many rees also had blister-like
lesions {swollen gum pockets) [Fig. 1b] under the bark of the
main stem, and the outer bark was discoloured black (Fig. lc),
After 6 weeks, 17.7 % of the 1onal number ef zeessin the nal
had been killed by the fungus (Table 2: Fig. 1d) and many
more were showing signs of wilt and die-back. After removal
of the bark, brown discoloured areas were found in the wood.
Many of the trees were alsp observed to be exuding gum.
Lesion lengths in the bark and sapwood were found 1o be of
the same length.

Individual wees within the fourteen families vanied from
highly susceptible (dead) to relatively tolerant (very small
lesions). The onlv significant differences (p = (103} in sus-
ceptibility berween individual families, however. based on
lesion lengihs, were between families 13-71, 3-71. |3-TL
10-71, and 16-71. The remaining families did not vary sig-
nificantly from each other in their susceptibility to C. albo-
fundus (Table 1), The most disease tolerant family was
15-71, followed by 3-71 and 13-71, wuth families 16-71
and 19<71 being the most suscepuble. Of the 25 wees inoc-
ulated for each family, four had died after 6 weeks in family
15-71, while 10 trees had died in family 16-71. The lowest
amount of mortalities were observed in families 13-71 (4
%) and 3-71 (4 %) and the highest amount in families 16-71
(40 %) and 19-71 (44 %) (Table 2).

For the henubility calculanons. the lesion lengths m both the
wood and bark were expressed as a proportion of the maxi-
mum score and converted by an arcsin transformation 1o
achieve siability of variance and approximate normality.
These measurements were then analysed using a mixed model
with the random effects being family, plots within blocks
and trees within plots, having variance components 0%, Gp.
and o%, respectively. These estimates of the vanance com-
ponents were calculated by restricted maximum likelithood
REML and found to be o’r= 0.0284, ¢°, = 0.0297, and
G%=10.3809 for the bark and ¢’y=0.0263, o-, = 0.0272,
and %= 00.3615 for the wood. Hence, the hentibility, - was
calculated and found to be 0.065 for bark and 0.063 for
wood. These small values imply that the genetic campo-
nent is very small relative 1o the environmental vanaton.
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Tablel Lesions produced on i4 famlies of A. mearmsis after inocy-
lation with . plbrfundur during December 1995,

Family number'

Average lesion length in bark{mm=

FisTl 21030
F3-71 233800
F 1371 24155
F 10-T1 246200
F5-T1 298 30
Fo9-7§ 305,300
F 571 347 .60
F 1271 3R330=
F&-71 419 7020
FT-71 449 R
F18-71 46865
F4-71 544 85
F 1271 629 758
F 16-T1 2.5
Mean 39333

LAll families ongirate from full-sib crosses, except for family 971,
Family numbers refer 10 numbers of controlled crosses made by the
ICFR. Pietermaritzburg, *Each value is 3 mean of 25 measurements.
“Walues followed by different letters differ significantly i the degres of
diszase wierance a1 p = 0.05.

Table2 Percentage mortality experienced within the 14 famifies of A.
meégmrii § weeks after inocuiation with C, albopurdus.

Famiry number % Mortakin*
F3-T1 -
F 1371 4
F8-71 |2
Fa-7i 12
F10-71 |2
F4-T1 6
F5-T1 I6
F&-T1 6
F71-T1 1%
F 1571 16
F17=T] I6
FI1E-7] 4
F 16-71 20
F 1971 4

Number of trees dead out of total of 23 planted Tor each family.
Discussion

Results of the suscepuibility mals reported in this study con-
firm that . albofundus 15 highly pathogenic to A. mearnsii.
This pathogen is capable of causing death of susceptible
trees within a relatively shon time period. The economic value
of many of the trees that do not die 15 reduced considerably
due 1o the formation of gum pockers under the bark and dis-
colouranon (mottling) of the bark.

Ceratocyitis albofundus is a newly described species and is
carrently known only from South Africa (Morms er al., 1993;
Wingfield eral.. 1996). The first report of this species was as
C. fimbriata from a Prorea sp. (Gonter, 1977). The occurrence
of this fungus on Protea, which 15 endemie 1o South Africa,
and the fact that it has not been found elsewhere in the world.
suggests that it may have its origin in South Africa. It has, w
date, been reported from the KwaZulw/Natal, South Eastern
Mpumalanga and Eastern Cape Provinces of South Afnica. It
thus occurs not only in the major A, mearmsii growing areas of
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Fig. 1 Symptoms of Ceratocystis wilt on Acacic mearnsi, afier anificial inoculation with Ceratocysis albofundus. (a) Inoculation site, showing
the development of a canker from the point of inoculaton. (b} Blisier-like lesion produced on the stem of an inoculated teee. (e) Black mortle-like
l=sion developing along the length of the stem. These lesions develop abave the peint of inoculation. (d) Highly susceprible A, meamuii tree & wesks
after inoculation. Initial sympoms include the wilting of the wee, whereafler death foltows within a few days
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the countrv. but also in jungle stands outside the commercial
growing arcas (Roux and Wingfield. 1997).

Ceratoeystis spp. are well-known pathogens of various
plant species and are the cause of diseases such as black rot of
sweel potato (/pomoea batatas [L.] Lam.) (Halsted, 1890,
poplar canker (Gremmen and De Kam, 1977), blue stain of
conifers (Davidson, 1935; Perry, 1991 ; Seifert, 1993) cankers
of prune. apricot and peach (De Vay er al.. 1968; Leather,
1966). Itis thus not srrange that C albofundus. which s very
similar 1o C, fimbrigta, 18 currently the most devastaung
pathogen of A. mearnsii in South Africa,

The wattle industry in South Afnica consists of many medi-
um to small scale farmers (70 %) who rely heavily on income
from wattle propagation (Anonymous, 1994). The rest of the
industry consists of large private companies (Anonymous,
1994), Acacia mearnsiiis grown both for wood and bark., both
being used commercially (Anonymous 1994, 1995, Shery,
1971). Any cankers or lesions on the bark, which spread
into the wood, such as those caused by C. albofundus, affect
the guality of the bark and increases the labour involved in the
remaoval of the bark from the trees. Bark is harvested manu-
ally from felled wees and sold per ton weight. Diseases
affecting the bark also lead 1o a general reduction in vield
(Moffet and Nixon. 1963; Sherry, 1971; Haigh, 1993).

It is important to the wattle industry of South Africa to min-
imize the effects of diseases. Currently the most effective
method to accomplish this goal is by planting disease tolerant
trees. This paper reports on the first step in selecting A
mearnsii trees tolerant to Ceratocystis wilt. The results
obtained from this evaluation are, however, of a preliminary
nature. The data gencrated show littte evidence for the pres-
ence of disease tolerant families. The differences in genetc
make-up of family progeny varies considerably and this prob-
ably accounts for the lack of clear differences berween dif-
ferent families. Despite the susceptibility of all families rest-
ed in this experiment, we are encouraged by the presence of
disease tolerant individuals within these families. We believe
that these individuals will form an important basis for con-
trolled pollinations and a breeding programme that will lead
1o disease tolerant ciones. VYegetative propagation of these
plants 15 also a goal that 15 being actively pursued. This will
allow confirmation of their disease tolerance, by screening
their progeny, and form the basis of future clonal propagation
of A. mearnsit in South Africa.
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