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Arrangement of Thesis

As provided under the Rules [Courses and Degrees (Degree of Doctor of
Philosophy)] of the Australian National University, the six experimen-
tal chapters of this thesis are presented as manuscripts of a series
of closely related papers intended for publication in the wood science
journal 'Holzforschung'. These chapters are in a form requested by,
or acceptable to, the Journal. At the time of submission of this
thesis the first three scripts (Chs. 1-3) had been accepted for publi-
cation, and the contribution to these manuscripts of the editors and
referees of Holzforschung is gratefully acknowledged. The remaining

chapters were submitted to the Journal in July 1984.

Where appropriate, other components of the thesis are adapted to this

method of presentation. Thus for example:

- The ‘Réference List' contains only those works referred to in the
'Preface' or 'General Discussion', since each experimental
chapter is accompanied by a separate literature section.

- The 'Preface' replaces'a 'General Introduction' since the experi-
mental work is introduced adequately in appropriate manuscripts.

- Larger areas of speculative discussion are necessarily restricted
to a final 'General Discussion' chapter.

- Tables and Figures are located at the end of the relevant chapter.

- Hierarchical subdivisions are not used.
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Abstract

A series of studies examined certain host attributes potentially
influencing the extent and patterns of decay within stems of four

Eucalyptus spp. [E. baneroftii (Maid.) Maid., E. dealbata A. Cunn. ex
Schau., E. macrorhyncha F. Muell. ex Benth. and E. sideroxylon A. Cunn.
ex Woolls] which dominated a 40 yr old, dry sclerophyll, regrowth
forest. Bole dissections revealed that volumes of decay were greatest
in E. banecroftii and E. dealbata, and minimal in E. sideroxylon.

Deterioration was normally restricted to heartwood, within which
barrier zones e.g. kino veins, formed previously at the cambium as a
response to injury, frequently limited the centrifugal progression of
decay. Additional to this influence of barrier zones was a trend, most
obvious in E. sideroxylon and E. dealbata, of increasing resistance to

heartrot from inner to outer heartwood.

Variation, both between species and radially within stems, in the
resistance of normal heartwood tissues to decay 1in vitro (soil-jar
test) was loosely associated with the observed variation in resistance
of the tissues to heartrot im vivo, presumably reflecting some form of
causal relationship. This was supported by a study of included sapwood
showing that such tissue, which is highly susceptible to deterioration
in living trees, had a low natural decay resistance in vitro (ascribed

to the reduced occurrence of fungitoxic phenolic extractives).

When properties (including basic density, moisture content, pH,
mineral concentrations, content of methanol-soluble extractives, and
resistance to decay inm vitro) of clear, infected (natural heartrot)and
artificially injured heartwood were compared, 1little evidence of
tissue responsiveness was detected. Visual examination of the

injured and infected tissues also suggested nonreactiveness of heart-
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wood; hence it was concluded that this factor does not play a signifi-
cant role in directing the progression of heartrot in the eucalypts.
In contrast, living sapwood was found to be dynamically responsive,
and the spread of discolouration and microorganisms from sites of
mechanical injury, and from regions of heartrot, was very limited in
this tissue. An increased resistance to decay in vitro, content of
polyphenols and frequency of tyloses within and/or adjacent to injured
sapwood suggested antibiotics and vessel plugging as agents of the

highly effective compartmentalisation of deterioration in this tissue,

Studies of the anatomy and chemistry of a?tificially induced barrier
zones in the eucalypts failed to elucidate the characteristic(s) which
is responsible for limiting microbial invasion. The continuing effec-
tiveness of the barrier zones, even in the absence of living cells
(following incorporation in heartwood), and over a wide variation in
wood anatomy, cell wall lignification and gross polyphenol content
indicated that these four features are probably not functionally

important properties of many of the barriers,

The complementary roles of these various factors (the natural decay
resistance of tissues, protective responses of differentiated tissues,
and barrier zones) as part of an integrated defense system of the host

are examined.
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Preface

As pressures for use of the agriculturally productive areas of the
world continue to rise, it is increasingly important to avoid ‘'drains’
on the productivity of those areas set aside primarily for wood pro-
duction. Tree decay is one such drain; enormous volumes of potential
roundwood and sawn timber are lost annually through tree decay in
Australian eucalypt forests (Heather 1962; Wilkes pers. obs.),
although this loss has not been accurately quantified. Apart from the
direct loss of timber which is actually decayed, there is wastage of
sound wood either attached to defective sections after log breakdown,
or left in the forest in very defective trees. The economic impact of
decay is augmented by additional costs incurred in harveéting and
processing stems containing decay e.g. in the falling, snigging and
hauling of defective material to the point of processing; in modifi-
cation of log breakdown sequences to accommodate defects; in disposal

of defective wood; and in sorting and grading processed timber.

Because in virgin forests the extent of decay often increases with
tree size (age), a view has persisted that tree decay in FEucalyptus is
only a problem associated with the overmaturity of virgin forests,
However, there is now ample evidence that regrowth and plantation
stems of a number of species may be highly defective (Da Costa 1973;
Edwards 1973; Davidson 1974; Gadgil and Bawden 1981; Wilkes 1981).
Despite this, many Australian forest managers appear to accept tree
decay as a 'fact of life', and knowledge of fundamental aspects of the
problem is very 1limited e.g. little is documented on infection of
eucalypt stems by decay causing organisms, the rate of spread of decay
within the trees, and the factors determining this rate of spread and

patterns of decay.
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In this work, just one aspect of decay in FEucalyptus is examined - the
attributes of host stems affecting the extent and patterns of regions
of decay which develop from wounds i.e. assuming that microorganisms
have access to a stem, what are some of the properties of the host
which determine where, and how quickly, deterioration progresses
within the stem? Intuitively, and on the basis of work with deciduous
hardwoods (see Wagener and Davidson 1954; Shigo 1979a; Wilkes 1982a),
host attributes of three types are likely to be particularly relevant:
the natural decay resistance of bole tissues; the ability of differen-
tiated tissues to respond protectively; and the ability of the cambium
to react protectively. Thus the primary aim of these studies was to
ascertain the importance of each of these three factors in determining
the extent and patterns of heartrot within certain eucalypt stems. A
secondary aim was to gain some understanding of any protective
responses of the boles to injury and infection i.e. to lay a founda-

tion for further study in this area.

The 40 yr old dry sclerophyll forest examined was selected because it:
contained a range of eucalypt species; was of known age and history;
supported considerable volumes of tree decay; contained coppice
material (see Chs. 2, 4); and was to be cleared for agricultural
purposes. The location of this forest is shown in Fig. 1. Table 1
summarises various details, including the physiography, of the study

area,

Since the nomenclature of the eucalypts is at present in a state of
flux, conventional names, essentially as given by Pryor and Johnson
(1971), are used in this study. Thus for example, while Brooker and
Kleinig (1983) have recently entitled the taxa studied in detail in

this series as Fuealyptus baneroftii (Maid.) Maid., E. dealbata
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A. Cunn. ex Schau. var. dealbata, E. macrorhyncha F. Muell. ex Benth.
subsp. merorhyncha, and E. sideroxylon A. Cunn. ex Woolls subsp.

sideroxylon, the varietal and subspecific divisions are not used here.



Table 1. Details of the study area

Factor Description/details

Location 8 km SE of Inverell, NE New South Wales, Australia
ca. 30°s, 151°E.

Altitude ca. 800 m

Climate Mean maximum temperature: January 28,9 ; July 14.9°C

{Inverell) Mean minimum temperature: January 16.3 ; July 3.1°C
Mean rainfall: 783 mm, on 89 days, per annum

Soils Largely podzolic duplex granite: 0-30 cm, grey sandy
loam; 30+ cm, yellow-grey clay; small areas of deep
red-brown basalt

Topography Undulating, slope usually < 5°
All aspects represénted

Extent ca. 50 ha

Vegetation/ Area cleared ca. l940~1945,‘but allowed to regrow al-

history most immediately. Eucalypts have grown as seedlings

or from lignotubers and stumps. Vegetation now con-

stitutes a 'dry sclerophyll forest' ['open forest' -

tallest stratum 10-30 m with 30-70% projective foliage

cover (Specht 1970)]

0verwo§d: predominantly Fucalyptus (8 spp. - see Ch. 1)
Black cypress pine (Callitris endlicheri
(Parl.) F.M. Bailey) also present
Overbark diameters at breast height ca.
15-30 cm

Understorey: relatively sparse. Predominantly wattle
(Acacia spp.) and tea tree (Leptospermum
spp.), 1-3 m high

Area logged lightly over past 20 yrs

No major fires



Fig. 1. Location of the study area, and dominant forest types of
Australia. Shaded areas indicate regions in which the various forest
types are most common. 'Rainforest', ‘'wet sclerophyll forest' and
'dry sclerophyll forest' are here considered synonymous with 'closed
forest' [projective foliage cover of tallest stratum 70-100%], ‘tall
open forest' [tallest stratum > 30 m high, cover 30-70%] and 'low open
forest/open forest' [5-30 m, 30-70%] respectively. The projective
foliage cover of trees in woodland is < 30%, Note that the study

forest is in a predominantly woodland area.

Source: Hall et al. 1970; Specht 1970.
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CHAPTER 1. PATTERNS OF NATURAL DECAY

Host attributes affecting patterns of decay in a regrowth eucalypt

forest I. Patterns of natural decay

by J. Wilkes

Department of Forestry, Australian National University,

G.P.0. Box 4, Canberra, A.C.T. 2601 Australia

Summary

The patterns of stem decay occurring in a regrowth eucalypt forest
were examined by extensive dissection of ca. 100 trees of each of
four species (Eucalyptus baneroftii, E. dealbata, E. macrorhyncha and
E. sideroxylon). Brown cubical rot and white pocket rot were the.
major types of deterioration, with the causal organisms entering
through branch stubs, bagal wounds and trunk wounds of insect
origin. Decay was ‘normally confined to heartwood suggesting a
responsiveness of 1living sapwood to injury aﬁd infection. In
contrast, no evidence was found of active compartmentalisation of
decay in heartwood. The longitudinal extension of rots was usually
greatest near the pith, centrifugal development frequently beiné
constrained by barrier zones (usually kino veins) presumably formed

in response to wounding of the cambium. Additional to this influence



of barrier zones was a trend, most obvious in FE. dealbata and E.
sideroxylon, of decreasing susceptibility to heartrot from inner to
outer heartwood. This pattern poséibly reflected a centrifugal
increase in the natural decay resistance of heartwood tissues.

Included sapwood was highly susceptible to deterioration in viva

Keywords: Tree decay, decay patterns, barrier zone, reaction zone,

compartmentalisation of decay, decay resistance, Eucalyptus



Introduction

It has been suggested that the patterns of decay in living trees
result largely from the responses of the tree to wounding and
microbial invasion (Shigo 1979; Shortle 1979a, b). These responses
fall into two categories: the reactions of differentiated tissues
present in the tree at the time of wounding; and those of the
cambium. In the case of sapwood, the area of the former response is
often referred to as a 'reaction zone' (Shain 1979), which serves to
wall-off or compartmentalise deterioration. Hence the configuration
of regions of discolouration and decay in sapwood reflects the
effectiveness of this compartmentalising process in the various
directions within the tree (Shigo and Marx 1977; Shortle 1979b).
Any reaction of heartwood tissues is likely to be passive (Shigo and
Hillis 1973), And thus variation in the natural decay resistance of
heartwood (as can be assessed 1in vitrd is possibly an important
factor governing the rate and direction of microbiél progression 1in

vivo (Da Costa 1973; Wilkes 1982a, b).

The reaction of the cambium serves both to produce callus over the
wound, and to form a sheath of abnormal cells, a ‘'barrier =zone'
(Shigo and Marx 1977), largely impervious to microorganisms. This
zone confines organisms inx;ading through a wound to tissues extant at
the time of wounding. Hence it acts as a reserve defence mechanism,
backing-up the response systems of differentiated tissues. In
eucalypts, a portion of the barrier =zone may be macroscopically

obvious as a kino vein (Shigo and Hillis 1973).

The influence of these factors on patterns of decay in Fucalyptus is

largely unknown. The present paper reports a study on the



configuration of regions of decay in standing trees in a dry
sclerophyll forest. This investigation was a prerequisite to the
subsequent examination of attributes of the host trees which

influence the progression of decay within stems in this particular

forest.
Materials and Methods

The regrowth forest studied, situated in northern New South Wales,
contained E. albens Benth. (white box), E. bancroftii (Maid.) Maid.
(Bancroft's red gum), E. dealbata A. Cunn. ex Schau. (tumbledown red
gum), E. globoidea Blakely (white stringybark), £E. gontocalyx F.
Muell. ex Mig. (long~leaved box), E. macrorhyncha F. Muell. ex Benth.
(red stringybark), E. melliodora A. Cunn. ex Schau. (yellow box) and
E. sideroxylon A. Cunn. ex Woolls (red ironbark) in both mixed and
single species stands. The forest was ca. 40 yrs old and consisted
of stems of both seedling and coppice origin, 5=20 m tall, with
diameters at bfeast height over bark usually in the range 15-30’cm.

The forest had been logged lightly in recent years.

Over a four week period, some 100, randomly selected trees of each of
E. baneroftii, E. dealbata, E. maerorhyncha and E. sideroxylon were
felled and dissected on site. These trees encompassed the spatial
and size distributions of each species. Previous studies in the
forest (e.g. Wilkes 1983) suggested that such a sample would give a
reliable indication of the patterns of decay characterising the
selected species in this 1location. Many of the trees had branch
stubs, decaying parent stumps or logging wounds, suspected to
indicate sites of internal decay. Stems and larger branches

appearing likely to be defective were sawn in the transverse and/or



axial diametrical planes through the external indicator of defect.
Internal defects were described, measured and photographed. The box
species were virtually free of microbially related defect and hence

were excluded from the study.

Results
The most common type of defect of microbe origin was decay - either
brown cubical rot or white pocket rot. The white rot was usually

more extensive in individual stems, although the overall incidence of
brown rot was greater (Table 1). Discolouration around heartrot was
usually very limited, the tissues being a darker red-brown colour for
ca. 2 mm transversely and up to 2 cm longitudinally beyond the
boundaries of decay. In all species examined, a grey-brown
discolouration occurred in the sapwood immediately (< 1-5 cm) above
and below open wounds, but this was largely obscured when such
tissues were incorporated into the relatively dark coioured

heartwood. Visually obvious wetwood was not encountered.

The type and extent of decay was largely dependent on tree species
(Table 1). E. bancroftii and E. dealbatawere highly susceptible to
heartrot [> 70% of trees contained decayl; that in E. baneroftii
usually constituted a brox;vn, and that in E. dealbata generally a
white rot. E. macrorhyncha contained intermediate volumes of decay
[30% of trees] - usually the brown roi:. Decay was uncommon in E.

sideroxylon.



Decay was associated with above-ground wounds of three types:

- Basal injuries. Logging damage and the above-ground union of

coppice stems with parent stumps were common infection courts.

- Branch stubs. In many cases, branches which attained a diameter
exceeding 2-3 cm before death were not shed effectively, and decay

organisms often gained entry through the dead stubs.

~ Insect bole wounds. In E. bancroftii, and to a lesser extent E.
dealbata, decay (mainly brown rot) was associated with many of the

tunnels of boring larvae, especially those of the longicorn borer,

Phoracantha semipunctataF.

Decay was normally confined to the heartwood region of the bole
although in the gums, when virtually the entire heartwood cross-
section at a particular 1level was decaying, the adjacent sapwood
became darkly discoloured, and decayed to a limited extent (Fig.

1. Thus the heartrot fungi required a considerable inoculum

potential to invade uninjured sapwood.

Barrier zones substantially influenced decay patterns, frequently
restricting decay (and to some extent discolouration) to the inner
and middle heartwood (Fig. 2). Often the zones were apparent as kino
veins or as darker, red-brown surfaces < 1 mm wide, but even in the
absence of these, the position of the cambium at the time of wounding
formed the outer boundary of many regions of decay. The barrier
zones also restricted the inward progression of rot where a tree had
received multiple wounds, and the resulting series of separate decay

zones produced a ring-rot effect.



After removal of bark, the typical basal wound, the exposed sapwood
died rapidly and a ligl:;t-coloured, dry region became included in the
bole when the wound had been overgrown. Such an inclusion was
extremely susceptible to stem rot (Fig. 3), and often appeared to
give heartrot fungi the inoculum potential required to invade
heartwood tissues centripetally. Similarly, sapwood present
internal to a kino vein at the time of vein formation, usually failed
to darken to the normal heartwood colour when eventually included in
heartwood. In all species investigated, these regions of 'included
sapwood' were commonly in an advanced state of decay (Figs. 4-6).

This effect was particularly obvious in E. maerorhyncha which

produced relatively wide veins (2-5 mm).

The death or breaking of branches resulted in barrier zone formation,
with or without the production of kino veins. The absence of
distinct growth rings in these eucalypts precluded branch and stem
ageing, and thus estimation of the exact location of the less obvious
branch stub barrier =zones. However, the boundary of any decay
present internal to a branch stub was usually abrupt and contiguous
with the stub extremities (Figs. 7, 8). Where a dead stub became
included in the stem, kino was normally deposited between the stub
and adjacent stem tissues fprmed subsequent to branch death (Figs. 8-
10). Decéy organisms did not usually spread from the stub ::hrough
this kino to the bordering regions not protected by (i.e. outside)

the original barrier zone which formed when the branch died.

The extent of barrier =zone formation depended largely on the
dimensions of wounds. Thus, where cambial injury was slight e.g. an
insect tunnel, decay associated with the wound commonly extended to

positions from which an 'escape' into tissues produced post-wounding



was possible. The effectiveness of barrier zones was also diminished
when borers, especially the 1longicorn larvae, tunnelled through
barrier zones and regions of decay; the latter often progressed along

the holes, thus escaping the confines of the zones (Fig; 8).

Barrier zones constituted a surface of physical weakness, and hence
ring shake was common, being particularly obvious in drying
samples. This did not directly affect patterns of decay 1in sity,
although ring shake and internal decay were associated with most
instances of ray shake encountered (Fig. 3). Discolouration and

decay progressed outwards along these ray shakes which occasionally

extended into the sapwood.

Within the confines of barrier zones, apparent random spread of
discolouration and decay in localised areas was common e.g. white
pocket rot was sometimes present in small groups of pockets,
separated by several cm of visually clear wood. On a broader scale,
the occurrence and vertical extension of heartrot was usually at a
maximum near the pith in all species. This trend reflected, in part,
the cumulative risk of infection of the older, inner heartwood
tissues, the greater age of some of the rots in this region of the
bole, and the influence of barrier zones. However, radial variation
in susceptibility to heartrot was obvious also in E. dealbataand E.
sideroxylon (Table 2). In E. sideroxylon the decay which occurred
in inner heartwood failed to progress into outer heartwood, and
deterioration did not spread from wounds or regions of included
sapwood in the outer heartwood of this species. Decays in the outer
heartwood of E. dealbata were usually very limited in extent. This
radial differential in susceptibility to stem decay was much less

pronounced in E. bancroftii and E. macrorhyncha (Table 2), as when



not confined by barrier zones, many of the decays in the inner
regions of the stems progressed centrifugally into the outer

heartwood. The vertical extension of such decays in outer heartwood

was often considerable e.g. 30-50 cm.

Discussion

Eucalypt trees of regrowth and plantation forests frequently contain
large volumes of heartrot relative to slower grown stems of a similar
size in virgin areas (Edwards 1973; Wilkes 1982a). As reported here
for a regrowth forest, branch stubs (e.g. Gadgil and Bawden 1981),
insect wounds (e.g. Edwards 1973) and other forms of bark damage
(esgs. Davidson 1974) are common infection courts in Eucalyptus
plantations. It is likely that the extensive deterioration in some
of these forests reflects both the abundance of infection courts and

rapid spread of decay within stems.

Injured and infected tissues are compartmentalised (walled-off) in
the heartwood of certain deciduous hardwoods (Shigo 1979; sShigo and
Shortle 1979). However, the general lack of intense discolouration
around either the white or brown rots, and the absence of clearly
delineated boundaries of many decayed areas suggests a lack of
comparable responsiveness in heartwood tissues of these eucalypts.
This agrees with findings for E. microcorys F. Muell. (Wilkes 1982b;
Wilkes and Heather 1983). Nevertheless, it is possible that the
heartwoods of the species ﬁndér study react, in ways not
macroscopically obvious, to injury and the presence of microbes, and

thus influence the establishment and progression of heartrot.
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The discolouration of sapwood bordering regions of decay, and the
exclusion of decay from living sapwood of the eucalypts, indicate a
capacity of the living portions in the boles to respond to microbial
invasion. Such a responsiveness of sapwood has beeﬁ recorded for
many genera (Shain 1979; Shortle 1979b). Presumably, in the absence
of protective reactions, living sapwood tissues could be extensively
invaded by microbes possessing some parasitic ability. Zones of
eucalypt sapwood killed rapidly after removal of bark were readily
decayed, probably reflecting the high levels of food reserves and/or

the near absence of fungistatic extractives in sapwood (Scheffer and

Cowling 1966; Hillis 1971).

In these eucalypts, the production of barrier zones by the cambium,
as a response to wounding, may be more important in reducing decay
volumes than local responses of either the heartwood or sapwood. It
is not known whether the eucalypt barrier zones act as chemical or
mechanical barriers to the movement of microorganisms. Kino,
although abundant in some =zones, is apparently absent from others
which are equally effective barriers, suggesting that this polyphenol
is either not particularly fungitoxic/fungistatic or is not the sole
chemical barrier within the zones. The formation of a kino vein
results in the potential sacrifice (deterioration) of the region of
pseudo-sapwood subsequently included in the heartwood. This
production of included sapwood under the barrier zones of certain
eucalypts, previously noted by Hillis (1962), is consistent with the
belief that heartwood extractives are formed at the heartwood-sapwood
boundary largely from carbohydrate precursors translocated inwards
from the sapwood or cambium (Hillis 1971) - the zone would tend to

block such centripetal movement of carbohydrates, or more generally,

of any 'heartwood-inducing substance' (Bamber 1976).
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In the heartwood of F. microcorys, natural decay resistance resulting
from the presence of fungitoxic extractives is probably an important
factor controlling the extent and patterns of heartrot (Wilkes
1982b). The present work suggests that the same may apply to these
other eucalypts e.g. the tendency for décay to progress rapidly in
the inner relative to the outer heartwood of E. dealbata and E.
sideroxylon is 1likely to correspond with a gradient of increasing
natural decay resistance from inner to outer heartwood (Rudman
1964). Possibly also, the differences in rot volumes between the
species can be attributed, in part,- to differences in natural decay
resistance of the heartwoods. Thus regardless of the wound type, E.
sideroxylon, reputedly containing highly durable heartwood (Thornton

et al. 1981), supported 1little decay relative to the other,

presumably less durable species.

Conclusions

Within the stems of the eucalypt species studied, decay fungi do'not

spread totally at random; rather, three basic properties of tree

boles possibly govern decay volumes and patterns:

- variations in the natural decay resistance within the bole
heartwood;

- localised protective respénses of differentiated tissues,
particularly those of the sapwood; and

- barrier zones resulting from cambial activity.
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Fig. 1. Extensive white pocket rot in £. dealbata.  The decay has
been largely restricted to heartwood, a narrow band of intense
discolouration (D) existing between decaying heartwood and adjacent

sapwood.

Fig. 2. E. dealbata white pocket rot internal to a kino vein
(KV). The rot external to the 2zone (top) has resulted from a

relatively recent branch wound.

Fig. 3. Trunk wound partly overgrown on £E. dealbata The dead
sapwood (SW) and tissues near the pith are partially decayed. A

large ray shake is evident in the inner and middle heartwood.

Fig. 4. Cross-section of E. sideroxylon 20 cm above a basal wound.
The sapwood present internal to the cambium at the time of wounding

has been included in the heartwood, and subsequently has decayed.

[Figs. 1-4 : scale bar = 5 cm].






Fig. 5. FE. sideroxylon in longitudinal section showing white pocket
rot (R) development in included sapwood internal to a kino vein (KV)

formed in response to a basal wound (W).

Fig. 6. Decay in E. dealbatag, having escaped a branch stub barrier
zone (BZ), has preferentially developed internal to a small kino vein

(KV).

Fig. 7. Broken branch on FE. bancroftii supporting incipient decay
(I) inward from a barrier zone (BZ) which has formed as a result of

the break. The stub of a cleanly shed branch is visible (bottom).

Fig. 8. Decayed branch stub in E. baneroftii. Wood boring larvae
have permitted decay to move through a barrier zone (BZ). Kino (X)

has been deposited between the dead stub and newly forming tiss<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>